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e PURPOSE: To determine the risk of second primary
neoplasms (SPNs) in subjects previously diagnosed with
uveal melanoma (UM), including an analysis on whether
radiotherapy is a risk factor to develop these SPNs.

e DESIGN: Retrospective cohort study.

e METHODS: Using the Surveillance, Epidemiology, and
End Results (SEER) 9 database, we identified patients
diagnosed with UM as their first malignancy between
1973 and 2011 (n = 3976). We obtained standardized
incidence ratios (SIR) and excess absolute risks of
SPNs on patients with UM compared to a reference pop-
ulation. Multivariate Cox regression models were used to
evaluate the effect of radiotherapy in SPN risk.

e RESULTS: Sixteen percent (n = 641) of the patients
developed SPNs during a median follow-up of 83 months
(range, 1-463 months). This represented an 11% excess
risk compared to the reference population, mainly owing
to a significantly increased risk of skin melanomas
(SIR = 2.93, 95% CI: 2.23-3.78) and kidney tumors
(SIR = 1.91, 95% CI: 1.27-2.76), primarily in those
diagnosed between 30 and 59 years of age. The occur-
rence of second UM was also increased (SIR = 16.90,
95% CI: 9.00-28.90), which likely includes recurrences
misclassified as a second cancer. Radiotherapy was
performed in 39% (n = 1538) of the patients. Multivar-
iate analysis revealed that this treatment was not an inde-
pendent risk factor for SPNs (hazard ratio = 1.06, 95%
CI: 0.88-1.26, P = .54).

e CONCLUSIONS: Patients with UM presented an 11%
higher risk of SPNs compared to the reference popula-
tion. Radiotherapy does not seem to be a risk factor.
SPNs should be considered in the surveillance of
UM. (Am ] Ophthalmol 2016;165:54-64. © 2016
Elsevier Inc. All rights reserved.)
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UBLISHED DATA ON SURVIVAL OF UVEAL MELA-

noma demonstrate that more than half of the pa-

tients are long-term survivors. At 5 and 10 years,
the survival rates range between 68%-82% and 57%-—
62%, respectively.'” It is well established that cancer
survivors are especially prone to developing independent
second primary neoplasms (SPNs) and that their
characteristics vary according to the site of the first
primary tumor.*” This increased risk is recognized to have
multifactorial Lifestyle and environmental
exposures, such as smoking” and alcohol consumption,’
have been implicated. Additionally, host susceptibility fac-
tors, including genetic risk factors,”® also seem to play a
role. Besides the well-established relevance of genetic sus-
ceptibility for cancer in general, SPNs can be part of familial
cancer predisposition syndromes. Interestingly, one has
been recently described for uveal melanoma. Associated
with germline BAPI mutations, it includes a constellation
of uveal and cutaneous melanoma, among other tumors.”

causes.

The relevance of the treatment modalities applied to the
first tumor has also been highlighted, in particular for radi-
ation therapy.'™'* This is especially important, as
radiotherapy is currently the gold-standard treatment for
most uveal melanomas.'”!® The suggested underlying
factors for SPN risk after this treatment include the doses
and modalities applied, as well as the volume of tissue
irradiated.*” This risk is most pronounced in the organs
within the irradiated fields'”'* but has also been
described in sites not directly exposed to radiation.'”'® A
potential explanation includes “bystander response-like
phenomena,”'”?? through the release of blood cells and
mediators from the irradiated fields that can induce
genomic instability and cell transformation.'®!

Despite growing knowledge about treatment-induced ef-
fects on the occurrence of SPNs in patients with other malig-
nancies,” data are insufficient for uveal melanoma. A few
population-based  studies’” >’ were published before
radiotherapy became the treatment of choice for these
tumors, and therefore did not address this question. More
recently, the Collaborative Ocular Melanoma Study
(COMS) Group”® reported the occurrence of SPN in patients
treated for choroidal melanoma, characterizing the time to
occurrence of SPN and the most frequently affected sites.
However, no data from the general population were included.

We present a population-based study that aimed to eval-
uate whether patients with uveal melanoma demonstrate
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an increased incidence of SPNs compared to the general
population, including an analysis on whether radiation
therapy is associated with a higher risk of these SPNss.

METHODS

e STUDY POPULATION: This retrospective cohort study
followed a group of patients with a diagnosis of uveal mel-
anoma as their first malignancy, who were identified in the
Surveillance, Epidemiology, and End Results (SEER) 9
database from 1973 to 2011.”” The SEER program collects
data on all persons diagnosed with cancer residing in
several geographically defined regions—the SEER 9 data-
base includes 9 registries, covering approximately 10% of
the United States (US) population and being comparable
to the US general population, with a case ascertainment
rate of 98%. Despite including fewer registries than the
newer SEER databases, SEER 9 is the only one that pro-
vides data from 1973 onwards.”” This study met the defini-
tion of exempt research. As a result, Institutional Review
Board approval was not required. The SEER data is consid-
ered nonhuman subject research. The data is anonymized.
No patient contact is involved in its collection. The collec-
tion of SEER data is also exempt from Health Insurance
Portability and Accountability Act regulations.

Patient selection was based on the primary site and histo-
logic subtype of the first malignancy, according to the Inter-
national Classification of Diseases for Oncology, third
edition (ICD-O-3), as follows: topography codes C69.2
(retina), C69.3 (ciliary body), and C69.4 (choroid) for
uvea; morphology codes 8720.3 to 8774.3 for melanoma.
As previously described,’ most “retinal” melanomas prob-
ably represent misclassification of uveal melanoma; thus
they were also considered. ICD-O-3 includes the iris in
ciliary body topography. Therefore, these cases were not
analyzed separately. SPNs were considered as those diag-
nosed at least 2 months after the uveal melanoma, as defined
by the SEER program.”’ We excluded cases where the diag-
nosis of uveal melanoma was only made by death certificate
or autopsy,”” because they cannot contribute with person-
time for SPN assessment. For both primary and SPNs, we
selected only cases with malignant behavior. Regarding
treatment for the first malignancy, the SEER database in-
cludes information on the type of radiotherapy provided
(ie, beam radiation, radioactive implants/radioisotopes,
combination of both, radiation not specified or unknown).
No details are available for the type of beam irradiation
applied and for the doses of any of these treatment modal-
ities. Additionally, there are also no data in the SEER data-
base on the type of surgery performed (ie, enucleation or
other surgical modalities) for eye malignancies.

e STATISTICAL ANALYSIS: We used the SEER*Stat pro-
gram — MP-SIR session (Surveillance Research Program,
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National Cancer Institute SEER*Stat software; seer.
cancer.gov/seerstat, version 8.1.5) to perform the multiple
primary analyses. Person-years at risk were determined
starting in the third month after uveal melanoma diagnosis
until date of death, last follow-up, SPN diagnosis, or end of
2011, whichever came first. Observed number of cancers
corresponded to the actual reported SPN cases. The ex-
pected number of SPNs corresponded to those that would
develop if the study cohort patients experienced the same
rate of occurrence as a reference SEER population, with
comparable sex, 5-year age group, race (white/unknown,
black, other), site, and calendar year. For this analysis, we
used the reference population “Incidence — SEER 9 Regs
Research Data, Nov 2013 Sub (1973-2011) <Katrina/
Rita Population Adjustment> — Linked To County Attri-
butes — Total U.S., 1969-2012 Counties.” Briefly, this
reference population includes all people living in the
SEER 9 geographic areas between 1973 and 2011, based
on the US Census Bureau’s Population Estimates Program
External Web Site Policy, in collaboration with the Na-
tional Center for Health Statistics, and with support from
the NCI through an interagency agreement.”’ Referent
rates (for expected cases) represent SEER 9 incidence rates,
which are then stratified by age, sex, race, calendar year,
and cancer site, according to the characteristics of our
cohort of uveal melanoma patients.

Standardized incidence ratios (SIR) were obtained by
observed-to-expected ratio and the 95% confidence inter-
val (95% CI) was calculated based on the Poisson distribu-
tion. The excess absolute risk of SPN was calculated by
subtracting the expected number from the number of
observed cases and dividing by the person-years at risk,
and corresponded to the additional cancers (beyond the ex-
pected amount). It was expressed per 10 000 person-years.

Univariate and multivariate Cox proportional hazards
regression models were used to evaluate the effect of
radiotherapy on SPN risk. Owing to the small number
of nonwhite subjects in our cohort, for these analyses
race was coded as a dichotomous variable (white/un-
known vs black/other). A secondary analysis investigated
the effect of the type of radiotherapy (beam radiation,
radioactive implants/radioisotopes) on SPN risk. For this
analysis, subjects given a combination of radiotherapy or
with unknown type of radiotherapy were excluded. For
multivariate analysis, the proportional hazards assumption
was tested using the log minus log curve {In[ _ In (S)]} and
the goodness-of-fit test, and no violation was observed for
any of the variables. Stata version 12.1 (StataCorp LP,
College Station, Texas, USA) was used for all these
Cox analyses. The previous analyses censored all subjects
who died at the time of death, but an alternative
approach could consider death from uveal melanoma or
death from other cause as a competing risk. Therefore,
all of the previous multivariate models were refit account-
ing for competing risks using the stcompet and stcrreg
routines in Stata.

SEcOND PRIMARY NEOPLASMS AFTER UVEAL MELANOMA 55


http://seer.cancer.gov/seerstat
http://seer.cancer.gov/seerstat

TABLE 1. Demographic and Clinical Characteristics of the Population-based Cohort (n = 3976) of Patients With Uveal Melanoma

Radiotherapy
Total Population® Yes No
N = 3976 N = 1538 N = 2424
n (%) n (%) n (%) P Value
Patients who developed SPN? 641 (100) 202 (13.13) 438 (18.07)
Sex
Female 1886 (47.43) 714 (46.42) 1167 (48.14) .29°
Male 2090 (52.57) 824 (53.58) 1257 (51.86)
Race
White or unknown 3926 (98.74) 1515 (98.50) 2398 (98.93) 137
Black 22 (0.55) 10 (0.65) 11 (0.45)
Other 28 (0.70) 13 (0.85) 15 (0.62)
Age at melanoma diagnosis
1-29 years 134 (3.37) 37 (2.41) 97 (4.00) .01+
30-59 years 1715 (43.13) 685 (44.53) 1023 (42.20)
>60 years 2127 (53.50) 816 (53.06) 1304 (53.80)
Primary site coding
Choroid 3218 (80.94) 1360 (88.43) 1845 (76.11) <.001*
Ciliary body 689 (17.33) 149 (9.69) 539 (22.24)
Retina 69 (1.74) 29 (1.89) 40 (1.65)
Laterality
Right 1991 (50.08) 771 (50.13) 1213 (50.04) A41°
Left 1930 (48.54) 741 (48.18) 1182 (48.76)
Bilateral 1(0.03) 1(0.07) 0 (0.00)
Unknown 54 (1.36) 25 (1.63) 29 (1.20)
Diagnostic confirmation®
Clinical/direct visualization only 566 (14.24) 311 (20.22) 254 (10.48) <.001*
Radiology or other imaging technique 566 (14.24) 301 (19.57) 258 (10.64)
Positive cytology, histology, or 2802 (70.47) 900 (58.52) 1896 (78.22)
microscopy
Unknown 42 (1.06) 26 (1.69) 16 (0.66)
Surgery
Yes 2340 (58.85) 209 (13.59) 2127 (87.75) <.001*
No 1570 (39.49) 1296 (84.27) 266 (10.97)
Unknown 66 (1.66) 33 (2.15) 31 (1.28)

SPN = second primary neoplasm.
Asterisk indicates P < .05.

@Fourteen patients have no data available regarding treatment with radiotherapy.
PFor 1 of the patients who developed a SPN, no data are available regarding treatment with radiotherapy.

)2 test.
9Fisher exact test.

°According to SEER database record description, this data item refers to the best method used to confirm the presence of the cancer re-
ported during the entire course of the disease and not necessarily at the time of diagnosis.

RESULTS

e STUDY POPULATION: The study cohort consisted of
3976 patients diagnosed with uveal melanoma as their first
malignancy (Table 1). Most cases were coded as malignant
melanoma without other histologic specification (n =
2475, 62%). The remaining cases were classified as spindle
cell melanoma (n = 768, 19%), epithelioid cell melanoma
(n = 192, 5%), mixed epithelioid and spindle cell mela-
noma (n = 504, 13%), amelanotic melanoma (n = 32,
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0.8%), and others (n = 5, 0.1%). The median follow-up
time was 83 months, with 62% (n = 2427) of the subjects
followed for at least 5 years (range, 1-463 months). Nearly
30% (n = 1168) of the patients died of uveal melanoma
and the 5- and 10-year disease-specific survival rates were
80% and 69%, respectively. The global survival rate during
the available follow-up was 44% (n = 1740).

e SECONDARY CANCERS AFTER UVEAL MELANOMA: SPN
occurred in 641 of the patients with uveal melanoma
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TABLE 2. Risk of Second Primary Neoplasms in Uveal
Melanoma Patients

TABLE 2. Risk of Second Primary Neoplasms in Uveal
Melanoma Patients (Continued)

Second Cancer Site o O/E 95% Cl EAR
All sites 641 1.11%  1.03-1.20 17.28
All sites excluding 628 1.09° 1.01-1.18 14.08
second UM
Oral cavity and pharynx 11 0.81 0.40-1.45 -0.70
Tongue 1 0.31  0.01-1.73 —0.59
Salivary gland 6 4.26° 1.56-9.27 1.22
Floor of the mouth, 2 059 0.07-2.15 —0.36
gum, and other
location
Tonsil 1 0.68 0.02-3.78 —0.13
Pharynx 1 0.52 0.01-2.89 -0.25
Hypopharynx 1 0.90 0.02-4.99 —0.03
Digestive system 105 0.89 0.73-1.08 —-3.38
Esophagus 5 0.81  0.26-1.89 -0.32
Stomach 6 059 0.21-1.27 —-1.13
Small intestine 5 236 0.77-5.51 0.76
Colon, rectum, and 65 0.90 0.69-1.14 —1.98
anus
Liver and biliary tract 9 0.95 0.43-1.80 -0.13
Liver 7 144 0.58-2.97 0.57
Gallbladder 1 0.62 0.02-3.48 —0.16
Intra- and extrahepatic 1 0.33 0.01-1.83 -0.54
bile ducts
Pancreas 13 0.83 0.44-1.42 -0.70
Peritoneum, omentum, 2 3.82 0.46-13.79 0.39
and mesentery
Respiratory system 79 084 067-1.05 -3.85
Larynx 5 094 0.31-2.20 —0.08
Lung, bronchus 74 085 0.67-1.06 —3.55
Soft tissue including 8 3.04° 1.31-5.98 1.42
heart
Melanoma of the skin 58 2.93% 2.23-3.78 10.13
Breast 64 1.00 0.77-1.27 —0.08
Female genital system 35 1.34 0.93-1.86 2.34
Cervix uteri 4 1.75 0.48-4.49 0.46
Corpus and uterus, 20 1.42 0.87-2.19 1.57
NOS
Ovary 8 1.06  0.46-2.09 0.12
Vagina 2 486 0.59-17.54 0.42
Vulva 1 0.69 0.02-3.85 -0.12
Male genital system 111 1.02 0.84-1.23 0.66
Prostate 110 1.03 0.84-1.24 0.76
Testis 1 1.53 0.04-8.51 0.09
Urinary System 66  1.327 1.02-1.68 4.24
Bladder 37 1.09 0.77-1.50 0.82
Kidney 28 2117 1.41-3.06 3.92
Ureter 1 1.04 0.03-5.80 0.01
Eye and orbit - melanoma 13  16.90° 9.00-28.90 3.25
Brain and other nervous 8 1.31 0.57-2.58 0.50
system
Thyroid 10 2.06 0.99-3.78 1.36
Thymus 1 225 0.06-12.52 0.15
Continued on next page
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Second Cancer Site [¢] O/E 95% Cl EAR
Lymphatic and 48 1.00 0.74-1.33 —0.01
hematopoietic
diseases
Lymphoma 18 0.74 0.44-1.17 —1.66
Myeloma 10 1.35 0.65-2.48 0.68
Leukemia 20 122 0.75-1.89 0.96
Mesothelioma 2 1.18  0.14-4.27 0.08
Miscellaneous 20 1.41 0.86-2.18 1.58

Cl = confidence interval; EAR = excess absolute risk; O =
observed number of cases; O/E ratio = observed over expected
number of cases; UM = uveal melanoma.

When observed values were equal to 0, expected values were
reported. No correction for multiple comparisons was performed
for any of the above analyses.

495% ClI not including the null value (= 1), so P < .05.

(16%), within a median time of 75 months (range, 2—
425 months). Most (n = 583, 15%) had 1 additional cancer
and afew had 2 (n =57, 1%) or 3 (n =1, 0.03%) new pri-
maries. SIRs demonstrated that patients with uveal mela-
noma have a significant 11% excess risk of SPN when
compared to the reference population, with an excess abso-
lute risk of 17.28/10 000 person-years. This was mainly
owing to a significantly higher risk of tumors of the salivary
glands, kidney, and soft tissues, as well as skin melanomas
(Table 2). The median age at the time of diagnosis of these
SPNs was 77, 67, 81, and 69 years, respectively.

A statistically significant increased risk for a second
uveal melanoma was also noticed in our study cohort,
with 13 cases reported (Table 3) within a median latency
time of 7 years (range, 2 months to 27 years). Two of these
cases occurred in the fellow eye, 2 months and 7 years later
than the first malignancy. Ipsilateral second melanomas
were coded as new primaries in 9 patients and in 2 patients
data regarding laterality were not available. Most cases of
second uveal melanomas (n = 9, 69%) occurred after an
initial treatment with radiotherapy. As discussed below,
we considered that at least some of these second tumors
likely represent misclassified recurrences. Therefore, we
recalculated the primary outcomes with these second ma-
lignancies excluded. Our results confirmed that patients
with uveal melanoma demonstrated an increased risk of
SPN for all sites of 1.09 (95% CI: 1.01-1.18), excluding
cases coded as a second uveal melanoma (Table 2).

When evaluating the risk during the follow-up period
(Table 4), we observed that the increased risk for salivary
gland tumors was only significant within the first 5 years af-
ter the diagnosis of uveal melanoma. Kidney tumors
occurred more frequently in 2 periods: in the first 5 years
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TABLE 3. Characteristics of Patients With a Second Uveal Melanoma Coded as a New Primary

First uveal melanoma

Second uveal melanoma

Patient Age Year of Diagnosis Site Code Histology Eye Therapy Year of Diagnosis ~ Site Code Histology Eye
1 57 1973 Choroid Malign. melanoma, NOS OD Radiation, 1980 Choroid Malign. melanoma, NOS oS
NOS
2 47 1994 Choroid Malign. melanoma, NOS  OD BT 2003 Choroid ~ SCM, NOS oD
3 50 2001 cB Malign. melanoma, NOS  OD BR 2009 Choroid Mixed epithelioid and SCM OD
4 69 1991 Choroid Malign. melanoma, NOS NA BR 1995 Choroid Malign. melanoma, NOS OS
5 54 1997 Choroid Malign. melanoma, NOS  OD BT 2002 Choroid Mixed epithelioid and SCM OD
6 57 2002 Choroid Malign. melanoma, NOS OD BT 2002 Choroid Malign. melanoma, NOS OS
7 60 2005 Choroid SCM, type B OD Surgery 2006 Eye, NOS Malign. melanoma, NOS  OD
8 30 1974 CB Malign. melanoma, NOS  OD Surgery 1999 CB Epithelioid cell melanoma OD
9 32 1978 cB Malign. melanoma, NOS  OS Surgery 1999 CB Malign. melanoma, NOS  NA
10 53 2008 Choroid Malign. melanoma, NOS  OS BT 2011 Choroid SCM, type B (O8]
11 71 1998 Choroid Malign. melanoma, NOS  OD BT 2004 Choroid Mixed epithelioid and SCM OD
12 71 2002 Choroid Malign. melanoma, NOS OD BR + BT 2005 Orbit, NOS Mixed epithelioid and SCM OD
13 61 1981 Choroid Mixed epithelioid and SCM OS Surgery 2008 Orbit, NOS Malign. melanoma, NOS  OS

BR = beam radiation; BT = brachytherapy; CB = ciliary body; Malign = malignant; NA = nonavailable; NOS = not otherwise specified; OD =

right eye; OS = left eye; SCM = spindle cell melanoma.

TABLE 4. Risk of Second Primary Neoplasms by Site, According to Time Since the Diagnosis of Uveal Melanoma

Time Since Diagnosis

2-11 Months 1-4 Years 5-9 Years 10-19 Years >20 Years
Cancer Site o O/E (95% Cl) (0] O/E (95% Cl) (0] O/E (95% Cl) (0] O/E (95% Cl) (0] O/E (95% Cl)

All sites 54 1.29 (0.97-1.68) 203 1.237 (1.07-1.42) 151 1.06 (0.90-1.25) 175 1.08 (0.93-1.26) 58 0.88 (0.67-1.14)
All sites except 52 1.24 (0.93-1.63) 200 1.227 (1.05-1.40) 147 1.04 (0.87-1.22) 174 1.08 (0.93-1.25) 55 0.84 (0.63-1.09)

UM
Salivary gland 0 (Expected = 0.10) 4 10.16% (2.77-26.00) 1 2.94(0.07-16.39) 0 (Expected =0.40) 1 5.66 (0.14-31.54)
Soft tissue 0 (Expected = 0.19) 3 4.07(0.84-11.90) 1 1.58(0.04-8.83) 3 4.07(0.84-11.88) 1 2.93(0.07-16.32)
Skin melanoma 6 4.397 (1.61-9.56) 25 4.597 (2.97-6.77) 10 2.10% (1.01-3.86) 14 2,527 (1.38-4.23) 3 1.12(0.23-3.27)
Kidney 1 1.06 (0.03-5.90) 11 2.95% (1.47-5.27) 6 1.85(0.68-4.02) 9 2.447 (1.12-4.63) 1 0.62(0.02-3.43)
Eye/orbit 2 32.56% (3.94-117.61) 3 12.887 (2.66-37.63) 4 21.127 (5.76-54.09) 1 4.91(0.12-27.35) 3 36.727 (7.57-107.32)

melanoma

Cl = confidence interval; O = observed number of cases; O/E ratio = observed over expected number of cases; UM = uveal melanoma.
Only sites with significantly higher standardized incidence rates for patients with uveal melanoma are presented.
When observed values were equal to 0, expected values were reported. No correction for multiple comparisons was performed for any of the

above analyses.
295% ClI not including the null value (= 1), so P < .05.

of follow-up and later among 10- to 19-year survivors. Skin
melanoma risk was increased throughout, and was still sig-
nificant in 19-year survivors.

Considering the relevance of age and sex for cancer in
general, we additionally evaluated SIRs stratified by these
parameters. Our results revealed that subjects aged 30-59
years at the time of diagnosis of uveal melanoma presented
the higher risk of developing SPN (for all sites, SIR = 1.18;
95% CI: 1.04—1.34). Interestingly, those diagnosed before
that age did not present a significantly increased risk
compared to the reference population (Table 5). Regarding
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sex, compared to the female reference population, women
with a previous uveal melanoma presented a 17% signifi-
cantly increased risk of all sites SPN (95% CI: 1.04-1.32,
Table 6). There was a trend towards an increased risk for
men (7%), but it was not significant. For both sexes, the
described significantly higher risk of skin melanoma and
kidney tumors was still observed.

e TREATMENT FOR THE FIRST MALIGNANCY: Thirtymine
percent of the patients (n 1538) received radiation
therapy, including a small group who underwent both
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TABLE 5. Risk of Second Primary Neoplasms in Uveal Melanoma Patients, by Age Category at Diagnosis

Age at Diagnosis of Uveal Melanoma

<30 Years 30-59 Years >60 Years
Second cancer site O O/ 95% Cl EAR (o) O/E 95% ClI EAR ] O/E 95% ClI EAR
All sites 5 1.16 0.36-2.72 3.22 254 1.187 1.04-1.34 19.80 382 1.07  0.97-1.18 16.04
All sites excluding second UM 5 1.17 0.38-2.72 3.27 246 1.15% 1.01-1.30 15.98 377 1.06 0.95-1.17 13.16
Salivary gland 0 0.00 0.00-241.97 -0.07 2 3.81 0.46-13.76 0.74 4 4.60° 1.25-11.79 2.02
Soft tissue including Heart 0 0.00 0.00-86.95 —-0.19 2 1.93 0.23-6.96 0.48 6 3.86° 1.42-8.39 2.86
Skin melanoma 1 2.40 0.06-13.37 2.66 27 2.95% 1.95-4.29 8.94 30 2.93% 1.97-4.18 12.72
Kidney 0 0.00 0.00-31.14 —0.54 14 2.437 1.33-4.09 413 14 1.90° 1.04-3.19 4.27
Eye and Orbit-Melanoma 0 0.00 0.00-404.39 -0.04 8 24.05% 10.38-47.39 3.84 5 11.70° 3.80-27.30 2.95
Miscellaneous” 0 0.00 0.00-82.47 -0.20 4 1.02 0.28-2.61 0.04 16 1.57 0.90-2.54 3.72

Cl = confidence interval; EAR = excess absolute risk; O = observed number of cases; O/E ratio = observed over expected number of cases;
UM = uveal melanoma.

Only sites with significantly higher standardized incidence rates for patients with uveal melanoma are presented.

When observed values were equal to 0, expected values were reported. No correction for multiple comparisons was performed for any of the
above analyses.

#95% confidence interval not including the null value (= 1), so P < .05.

bMiscellaneous represents all site and histologic combinations not covered in the remaining groups provided by the SEER database (all data
and codes available at http://seer.cancer.gov/siterecode_b/icdo3_who2008/).

TABLE 6. Risk of Second Primary Neoplasms in Uveal Melanoma Patients, by Sex

Sex
Male Female
Second cancer site o O/E 95% Cl EAR (e} O/E 95% Cl EAR
All sites 375 1.07 0.97-1.19 13.08 266 117 1.04-1.32 21.84
All sites excluding second UM 366 1.05 0.94-1.16 8.78 262 1.16° 1.02-1.31 19.82
Salivary gland 3 3.17 0.65-9.26 1.05 3 6.497 1.34-18.97 1.40
Soft tissue including heart 5 3.07 1.00-7.16 1.72 3 2.98 0.61-8.70 1.10
Skin melanoma 27 2.007 1.32-2.91 6.89 31 4.90° 3.33-6.96 13.65
Kidney 17 1.877 1.09-3.00 4.04 11 2.647 1.32-4.72 3.78
Eye and orbit melanoma 9 19.83° 9.11-37.83 4.36 4 12.60% 3.43-32.25 2.04
Miscellaneous” 7 0.91 0.37-1.88 —0.35 13 2.00° 1.07-3.42 3.60

Cl = confidence interval; EAR = excess absolute risk; O = observed number of cases; O/E ratio = observed over expected number of cases;
UM = uveal melanoma.

Only sites with significantly higher standardized incidence rates for patients with uveal melanoma are presented.

When observed values were equal to 0, expected values were reported. No correction for multiple comparisons was performed for any of the
above analyses.

#95% Cl not including the null value (= 1), so P < .05.

PMiscellaneous represents all site and histologic combinations not covered in the remaining groups provided by the SEER database (all data
and codes available at http://seer.cancer.gov/siterecode_b/icdo3_who2008/).

radiotherapy and surgery (n =209, 5%). Surgery was the only
treatment performed in 2127 (54%) of the patients, and 266
(7%) of them were not submitted to any treatment (Table 1).
Among those who received radiotherapy, most patients were
treated with brachytherapy (n = 885, 22%), followed by
beam irradiation (n = 549, 14%), combination of both

(n =37, 0.9%), and others not specified (n = 67, 2%).

VoL. 165

SECOND PRIMARY NEOPLASMS AFTER UVEAL MELANOMA

In addition to performing SIR calculations for the global
population described above, we assessed SPN risk after
uveal melanoma according to whether subjects received
radiotherapy or not (Table 7). Patients who underwent ra-
diation treatment showed a 17% statistically significant
increased risk of second tumors involving any site
compared to the reference population. This risk was 9%
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TABLE 7. Second Primary Cancer Risk by Site for Uveal Melanoma Patients, According to Previous Radiotherapy Treatment

Radiation Treatment

Yes No
Cancer Site 0 O/E (95% Cl) 0 O/E (95% Cl)

All sites 202 1.177 (1.01-1.34) 438 1.09 (0.99-1.20)
All sites excluding UM 193 1.12 (0.97-1.29) 434 1.08 (0.98-1.19)
Al solid tumors 184 1.207 (1.03-1.38) 386 1.08 (0.98-1.20)
Brain and other nervous system 3 1.62 (0.33-4.74) 5 1.18 (0.38-2.76)
Oral cavity and pharynx 3 0.75 (0.16-2.20) 8 0.84 (0.36-1.65)

- Salivary gland 2 4.62 (0.56-16.70) 4 4.127 (1.12-10.54)
Digestive system 32 0.97 (0.66-1.37) 73 0.87 (0.68-1.09)
Liver and biliary tract 1 0.33 (0.01-1.86) 8 1.24 (0.53-2.44)
Pancreas 5 1.08 (0.35-2.53) 8 0.73 (0.32-1.44)
Peritoneum, omentum, and mesentery 2 10.35% (1.25-37.39) 0 (Expected = 0.33)
Endocrine system 5 2.59 (0.85-6.05) 6 1.79 (0.66-3.89)
Breast 19 0.99 (0.60-1.55) 45 1.00 (0.73-1.34)
Respiratory system 23 0.83 (0.52-1.24) 55 0.84 (0.63-1.10)
Soft tissue including heart 3 3.58 (0.74-10.45) 5 2.80 (0.90-6.53)
All lymphatic and hematopoietic diseases 12 0.82 (0.42-1.43) 36 1.09 (0.76-1.50)
Skin melanoma 18 2.61% (1.54-4.10) 40 3.127 (2.23-4.24)
Urinary system 15 0.97 (0.54-1.60) 51 1.48% (1.10-1.95)

- Kidney 7 1.60 (0.64-3.30) 21 2.38% (1.47-3.64)
Female genital system 12 1.61 (0.83-2.81) 23 1.23 (0.78-1.85)
Male genital system 40 1.18 (0.84-1.60) 71 0.96 (0.75-1.21)
Eye and orbit melanoma 9 38.35% (17.53-72.79) 4 7.58% (2.05-19.24)

Cl = confidence interval; O = observed number of cases; O/E ratio = observed over expected number of cases; UM = uveal melanoma.
When observed values were equal to 0, expected values were reported. No correction for multiple comparisons was performed for any of the

above analyses.
@95% ClI not including the null value (= 1), so P < .05.

in subjects who did not receive radiation. However, when
analyzing SIRs by site, we observed that the significant in-
crease observed in the radiotherapy subgroup was mainly
due to an elevated risk of melanomas of both the skin
and the eye and tumors of the peritoneum. The increased
risk for salivary gland and kidney tumors described above
for the entire study population occurred in the group of pa-
tients that did not receive radiotherapy. Indeed, when we
performed this analysis excluding cases coded as a second
uveal melanoma (which, as mentioned, probably represent
misclassification of recurrences), the increased risk for all
sites in subjects who received radiotherapy compared to
the reference population lost its statistical significance
(SIR = 1.12, 95% CI: 0.97-1.29).

To further explore a potential effect of radiation treat-
ment on SPN occurrence, we performed a Cox analysis
(Table 8). The univariate model revealed that the hazard
of developing a SPN was not significantly higher in patients
who had received radiotherapy for uveal melanoma when
compared to patients who did not receive this treatment
(hazard ratio [HR] = 1.08, 95% CI: 0.90-1.29, P = .39;
Figure). To account for confounding, we also performed a
multivariate analysis, which revealed that radiotherapy
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was not an independent risk factor for SPN, even after
adjusting for confounders (HR = 1.06, 95% CI: 0.88-1.26,
P = .54, Table 8). Older age (HR = 1.04, 95% CI: 1.03—
1.05, P < .001) and male sex (HR = 0.70, 95% CI: 0.59—
0.82, P < .001, Table 8) were statistically significantly asso-
ciated with a higher hazard for SPN. Supplemental Figures 1
and 2 present the graphs for these analyses (Supplemental
Figures 1 and 2 available at AJO.com). The multivariate
analysis was repeated excluding cases coded as a second
uveal melanoma and the same results were observed (for
radiotherapy, HR = 1.02, 95% CI: 0.85-1.23, P = .80).
There was also no association between radiotherapy and
late-occurring SPN—when considering only subjects who
survived at least 10 years (n = 1343) the HR was 1.00
(95% CI: 0.70-1.42, P = .99). Finally, we assessed if the mo-
dality of radiotherapy influenced the hazard of developing
SPNs. Our multivariate analysis revealed that both beam
irradiation (HR = 0.97, 95% CI: 0.75-1.27, P = .84) and
brachytherapy (HR = 1.10, 95% CI: 0.88-1.38, P = .40)
were not significant. When all the previous multivariate
models were refit accounting for competing risks, the results
were largely unchanged (Supplemental Figure 3 and
Supplemental Table, available at AJO.com).
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TABLE 8. Univariate and Multivariate Cox Proportional
Hazard Model Analysis of Second Primary Neoplasms

Univariate Analysis

HR 95% Cl P Value
Radiotherapy 1.08 0.90-1.29 .39
Sex? 0.78 0.66-0.92 .003*
Race group” 0.98 0.44-2.20 .97
Age at diagnosis 1.08 1.03-1.04 <.001*

Multivariate Analysis

HR 95% Cl P Value
Radiotherapy 1.06 0.88-1.26 .54
Sex® 0.70 0.59-0.82 <.001*
Race group” 0.83 0.37-1.86 .65
Age at diagnosis 1.04 1.03-1.05 <.001*

Cl = confidence interval; HR = hazard ratio.

Significant P values (o« < .05) are indicated with an asterisk.
“Reference term for sex — male.

PReference term for race group — nonwhite (black/other).
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0.25
1

0.00
1

T T T T T
0 100 200 300 400 500
Time since diagnosis of uveal melanoma (months)
Number at risk

No radiotherapy 2424 1105 534 203 43 0
Radiotherapy =~ 1538 499 133 34 2 0

No radiotherapy Radiotherapy

FIGURE. Cumulative risk of developing a second primary
neoplasm, according to treatment with radiotherapy.

DISCUSSION

WE CONDUCTED A POPULATION-BASED STUDY INCLUDING
3976 patients with uveal melanoma and observed that
16% developed SPNs. This represents an 11% excess risk
compared to the reference SEER population, and was pri-
marily due to patients aged 3059 years at the time of diag-
nosis of uveal melanoma. The most common SPN included
salivary gland, soft tissue, and kidney tumors, as well as skin
melanomas. An increased risk of a second uveal melanoma
was also described, but probably represents recurrences. Us-
ing multivariate analysis, we verified that radiotherapy was
not a significant independent risk factor for SPN.

The observed increased rate of SPN in patients with uveal
melanoma is in agreement with other population-based
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studies performed before radiotherapy became the standard
of care.””*" Interestingly, the COMS trial’® reported
different results, describing that 9.6% of the patients devel-
oped SPNs and that this risk was comparable to the general
population. However, this was solely based on a comparison
with a historical cohort of American subjects, with a limited
age range of 40-59 years. Similarly, Andreoli and associ-
ates”’ recently described absolute numbers of SPN after
uveal melanoma, but did not perform any statistical compar-
isons with their incidence in patients without these tumors.
SIR calculations are essential to exclude the role of chance
in assessing SPN risk.”' Our results are based on these robust
statistical comparisons, considering a reference SEER
cohort, standardized by age, sex, race, calendar year, and
cancer site. We included only subjects with a primary diag-
nosis of uveal melanoma, thus not considering those who
had had other preceding malignancies.

In this study, we also determined that the observed
increased risk of SPN in patients with uveal melanoma
was primarily due to cancers of the salivary glands, kidney,
and soft tissue, as well as skin melanomas. Screening bias
may account for the higher observed SIRs of some of these
tumors in our cohort, namely those of the salivary glands.
This has been described in other malignancies,’” as a result
of higher detection rates of SPN, or solely their earlier diag-
nosis, owing to more regular and closer follow-up, mainly in
the first years. Indeed, in our study the salivary gland second
primaries were mostly diagnosed in the early follow-up,
consistent with a screening bias. Furthermore, even though
these lesions are located close to the irradiated fields in
uveal melanoma and have been linked with radiotherapy,’’
this was not verified in our analysis, as a higher rate
occurred in nonirradiated patients.

Regarding kidney SPN, screening bias has also been
postulated.ZZ However, in our series SIR rates were
increased not only in the first years, but also with more
than 10-year latency. This suggests other underlying mech-
anisms. The same applies to the observed increased risk of
cutaneous melanoma, since it persisted through almost 20
years of follow-up. Moreover, in our cohort all the identi-
fied cases of skin melanoma had available histologic confir-
mation in the SEER database. Considering their distinct
pathologic and immunophenotypic features from skin
metastasis of uveal melanoma,’*’” misclassification is a
very unlikely explanation for our findings.

In both cases (kidney SPN and skin melanomas), host
susceptibility factors, namely common genetic risk factors,
may represent a reasonable explanation. Actually, the
recently described tumor predisposition syndrome caused
by germline mutations in BAP1 (BRCA1-associated pro-
tein) gene confers an increased risk for uveal melanoma,
cutaneous melanoma, and renal cell carcinoma, among
other malignancies.””'! BAPI gene is a tumor suppressor
gene located in chromosome 3,'° the most frequently
involved in the pathogenesis of uveal melanoma.’® This
highlights the relevance of considering screening for
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BAP]I somatic mutations in uveal melanoma tumor tissues.
Besides the relevance for prognosis,'” namely owing to
their association with class 2 tumors,”” their presence
would also raise the possibility of germline mutations,
and thus of an increased risk of SPN, which may require
further genetic testing and surveillance. Unfortunately,
the SEER database does not include any genetic data,
namely on gene expression profile, which would be inter-
esting to analyze.

Regarding the observed increased risk of cutaneous mela-
noma in particular, our findings confirmed those by other
groups.”>*”?" Despite being rather controversial, the link
between skin and uveal melanoma might be their common
origin from melanocytes, derived from the neural crest.”’
However, these 2 tumors show remarkable differences in
their metastatic spread and therapeutic response.’®” The
same applies to their associated genetic findings: more than
80% of uveal melanomas carry mutations in GNAII or
GNAQ; in cutaneous melanoma, oncogenic mutations in
BRAF and NRAS seem to be primarily involved.'” !
However, both GNAQ/GNAI1 and BRAF/NRAS activate
a common pathway, the mitogen-activated protein kinase
(MAPK)."" Other common mechanisms probably remain
to be established.

We also observed in our cohort 13 cases that were coded
as a second uveal melanoma, most of them occurring after
an initial treatment with radiotherapy. Owing to the nature
of our study, we cannot exclude that at least some of these
represent late recurrences of the first malignancy.** Addi-
tionally, 2 patients were reported to present a melanoma
in the fellow eye. One of them was diagnosed 2 months af-
ter the primary diagnosis, so most likely represents a bilat-
eral melanoma,”’ but we cannot exclude the possibility of
metastatic disease to the fellow eye.” Considering this,
we thought that these cases coded as second independent
uveal melanoma could lead to overestimation in our multi-
ple primaries calculations. However, our analysis excluding
them confirmed that patients with uveal melanoma
presented a significant 9% excess risk for SPN compared
to the SEER reference population.

We additionally evaluated SIR rates stratified by sex and
age category. Accordingly to what has been previously
described for all SPN combined,*’ women presented a
significantly higher risk of all sites’ second malignancies
compared to the reference population. Interestingly, for
kidney tumors and skin melanoma both sexes presented a
significantly excess risk. We did not find any increased
risk in our cohort of the typical constellation of hormone-
dependent tumors (such as breast, uterine corpus, ovary,
and prostate). Regarding age at diagnosis, in agreement
with the remaining literature for most cancer sites,”” we
found that the greatest burden of SPN was experienced by
patients initially diagnosed with uveal melanoma between
30 and 59 years old. Subjects with an earlier diagnosis
(<30 years) did not present an increased risk of developing
SPN compared to the reference population. Additionally,
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SPNs were not diagnosed earlier in our study population
than what has been described for these malignancies in gen-
eral.*® This suggests that, despite being a reasonable and
important explanation, tumor predisposition syndromes
probably occur infrequently.'” One also needs to consider
that lifestyle and environmental exposures also play a role
in SPN risk and these tend to accumulate with life.”

Finally, we also focused on the potential influence of the
treatment modalities for uveal melanoma on the risk of
SPN. In our cohort, SIR calculations according to previous
radiotherapy revealed that, after excluding cases coded as a
second UM, eyes that had received this treatment did not
present a significantly increased all-sites risk as compared to
the reference population. Indeed, our multivariate analysis
confirmed that radiotherapy was not a significant predictor
of SPN occurrence after uveal melanoma, even after adjust-
ing for age, sex, and race. The selection of predictors for this
model was based on known clinical risk factors. Tumor
stage and size have been considered as potential con-
founders*’ but were not included, since we lacked these
data for most patients. The same applies to the histologic
subtype, as most tumors were classified as “melanoma not
otherwise specified.” Our observation that radiotherapy is
not significantly linked with a higher risk for SPN can be
due to a more localized effect of this treatment for ocular
melanomas, considering the low volumes irradiated and
the modalities applied,*” namely their low side-scatter ef-
fect. Indeed, the majority of the patients received brachy-
therapy that is highly localized.” The second most
common modality was beam irradiation, which most likely
represents proton beam irradiation for most tumors. Owing
to the Bragg peak effect, proton beam irradiation—charged
particles also have minimal scatter and deliver the
maximum dose at the end of their range,"” resulting in no
radiation exposure to tissues outside the orbit. Indeed,
none of the treatment modalities proved to be associated
with an increased risk of SPNs. Interestingly, the COMS
group”® also found no differences in the incidence of
SPN in patients who received radiotherapy compared to
those who did not receive this treatment. One could argue
that the effects of radiation treatment in SPN incidence
may take up to 10 years to be evident.'” Therefore, we
also performed a multivariate analysis only including sub-
jects who survived at least 1 decade and confirmed that
radiotherapy was also not significantly associated with a
higher risk of SPN in these patients.

The main limitations of our study are its retrospective
nature and the inherent limitations of public available da-
tabases, such as underreporting (eg, surgical treatment type
specification is not available) and the lack of some vari-
ables (eg, radiotherapy dosage). Unreliable data on tumor
size also precluded including this important parameter in
our analyses (sizes not compatible with the eyeball dimen-
sions were described for a significant number of tumors).
Additionally, limitations of coding made it difficult to
interpret some findings—for example, the observed
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increased risk of soft tissue tumors. The designation “soft
tissues” includes a large variety of tumor types that may
occur in multiple body sites and are not specified. Addi-
tionally, melanoma metastases can histologically mimic
some soft tissue tumors, which can lead to misdiagnosis.
Moreover, the SEER database does not collect data on ge-
netic and lifestyle risk factors (eg, smoking) that are
currently known to influence the risk of SPN* and would
be interesting to analyze. In assessing the incidence of mul-
tiple types of SPN, multiple tests were completed that
could have led to false-positive associations. Therefore,
these results should be interpreted cautiously. Addition-
ally, one must consider that subjects may change their
residence during follow-up and subsequent cancers were
not recorded in the SEER database for patients who migrate
from their original SEER geographic area, regardless of
whether they move into another SEER area. This might
lead to an underestimation of our results on the incidence
of SPN.* Despite these limitations, the SEER database has
been well validated” " and provides a large population for
analysis, minimizing the selection bias inherent to

single-hospital or clinical series. Uveal melanoma is the
most common intraocular malignant tumor, but is rela-
tively rare in the wider context of cancer, so the large
size of the SEER database, as well as its long available
follow-up, allowed for adequately powered analyses.

In conclusion, this population-based study showed that
patients with uveal melanoma demonstrated an 11% excess
risk of developing SPNs compared to the reference popula-
tion. The most common and biologically meaningful were
skin melanomas and kidney tumors, but an increased risk
for salivary gland and soft tissue malignancies was also
identified. Radiation therapy did not seem to significantly
influence the occurrence of SPNs, which can be due to
the radiation modalities applied for uveal melanoma and
the small volumes irradiated. Host susceptibility, namely
genetic risk factors, and lifestyle profiles may be potential
explanations for the observed increased risks. With
ongoing research to improve the survival of patients with
uveal melanoma, assessing and understanding the risk of
SPNs will become increasingly important in the follow-
up of these patients.
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