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Abstract.

BACKGROUND: Mucosal melanoma involving the urethra is a rare disease with distinct clinical and molecular character-
istics and poor outcomes. Our current knowledge is limited by the small number of reports regarding this disease.
OBJECTIVE: To describe the clinical, pathological, and molecular characteristics of urethral melanoma.

METHODS: We summarized the clinicopathologic data for 31 patients treated for urethral melanoma from 19862017
at our institution. Genomic data from our institutional sequencing platform MSK-IMPACT (n=15) and gene-specific PCR
data on BRAF, KIT, and/or NRAS (n=8) were compared to genomic data of cutaneous melanomas (n = 143), vulvar/vaginal
melanomas (n =24), and primary non-melanoma urethral tumors (n=5) from our institutional database.

RESULTS: Twenty-three patients were diagnosed with localized disease, 7 had regional/nodal involvement and one had
metastases. Initial treatment included surgery in 25 patients; seven had multimodal treatment. Median follow-up was 46
months (IQR 33-123). Estimated 5-year cancer-specific survival was 45%. No significant change in survival was observed
based on a year of treatment.

Primary urethral melanomas showed a higher frequency of TP53 mutations compared to cutaneous (80.0% vs. 18.2%,
p=0.006) and vulvar/vaginal melanomas (80.0 vs. 25.0%, p = 0.04). BRAF mutations were absent in urethral primaries (0% vs.
46% in cutaneous melanoma, p =0.02). Tumor mutation burden was higher in cutaneous than urethral melanomas (p =0.04).
Urethral melanomas had a higher number of somatic alterations compared to non-melanoma urethral tumors (median 11 vs.
5, p=0.03).
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CONCLUSIONS: Our findings support a unique mutational landscape of urethral melanoma compared to cutaneous

melanoma. Survival remains poor and is unchanged over the time studied.

Keywords: Melanoma, urethra, treatment, prognosis, genetics

INTRODUCTION

Mucosal melanoma is a rare entity accounting for
approximately 1% of all melanomas. Important clin-
ical differences exist between these tumors and their
cutaneous counterparts. Notably, the majority (over
80%) of mucosal melanomas occur in individuals
over 60, and approximately two thirds of cases are
reported in women [1, 2]. Prognosis in this disease
is exceptionally poor, with an estimated 5-year over-
all survival of 25%, compared to approximately 80%
in cutaneous melanoma [1]. Molecularly, mucosal
melanomas have been shown to exhibit distinct fea-
tures when compared to cutaneous melanomas. These
include a low point mutation burden and a high fre-
quency of structural variants [3]. In addition, the rates
of BRAF and NRAS mutations appear to be lower in
mucosal melanomas while somatic K/7T mutations are
more frequent [3—16]. Due to its rarity, there is limited
evidence to support the use of new targeted therapies
or immunotherapies for advanced disease. Current
management practices are largely based on extrapo-
lations from the management of the more common
cutaneous presentation [17], making research into
this field imperative to its understanding and adequate
treatment.

Mucosal melanomas have been most frequently
reported in the head/neck (55.4%), anorectal (23.8%)
and female genital mucosae (18.0%). Melanomas
involving the urinary tract represent only around 3%
of all mucosal melanomas [1]. Our report focuses
on this poorly characterized entity. Primary ure-
thral melanoma commonly presents as a symptomatic
mass affecting the meatus and distal urethra and is
often diagnosed at an advanced stage [18, 19]. Initial
treatments tend to include limited or radical resection,
and adjuvant treatment with radiotherapy, chemother-
apy or immunotherapy is occasionally utilized [18,
19]. Despite the implementation of a multidisci-
plinary treatment approach, recurrence rates are high
and prognosis is poor with reported 5-year overall
survival rates ranging from 10% to 39% [19-22].

Most reports regarding the characteristics and
treatment of urethral melanoma have been limited to
single case studies or small case series. Larger studies

attempting to address this topic have been limited
by the degree of patient heterogeneity present within
the data. Moreover, few studies specifically addressed
genetic findings of urethral melanomas.

In the current study, we present the results of a
relatively large cohort of urethral melanomas man-
aged at a single institution. The clinical and patho-
logical characteristics of these tumors are summa-
rized. Genomic analyses were performed in a subset
of tumors with available genomic data, and their
results compared to cutaneous, and female genital
melanomas.

MATERIALS AND METHODS
Patient population and clinical data

After obtaining institutional review board approval
(IRB approval # 17-474), which included a waiver
of informed consent, we retrospectively reviewed
our institutional pathological database and identified
31 patients treated at our institution for melanoma
involving the urethra from 1986-2017. Baseline clin-
icopathological characteristics were obtained from
patients’ medical records. Female patients were eval-
uated by a gynecologist to identify concurrent disease
involving the introitus or vaginal vault. Tumor stage
was assigned according to a simplified staging sys-
tem proposed by Ballantyne et. al. for patients with
mucosal melanomas [23]. Patients with stage I dis-
ease had clinically localized disease, stage II —
regional nodal involvement, and stage III — dis-
tant metastatic involvement. Management of primary
tumors as well as sites and treatments of recurrent
disease were noted. Patients who underwent organ
sparing operations underwent routine urethroscopies
and cystoscopies to identify local recurrence. Disease
recurrence was identified based on imaging studies
and pathology reports when available and categorized
as locoregional or distant.

Genomic data

A total of 13/31 patients (42%) underwent DNA
sequencing of their primary tumor. Five patients
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underwent next-generation sequencing (NGS) using
our institutional sequencing platform (MSK-IMP
ACT), which consists of a hybridization capture-
based assay targeting 341468 key cancer genes
with an average coverage of ~500X [24]. Addition-
ally, eight patients underwent PCR-based sequencing
of specific hotspots in BRAF (n=7), KIT (n=6)
and/or NRAS (n=4). NGS results were summa-
rized and compared to those from 143 cutaneous
melanomas and 24 vulvar/vaginal melanomas. Five
non-melanoma urethral tumors (three adenocarcino-
mas, one squamous-cell carcinoma and one urothelial
carcinoma) were also included and their results
summarized for future reference. All genomic infor-
mation was obtained from primary tumor samples.
Genomic aberrations analyzed included mutations,
fusions, and gene-level copy-number alterations
(CNAs). Additionally, the tumor mutation burden
score (TMB) and fraction of the genome bear-
ing CNAs (FCNAg) were calculated and compared
between tumors. Potentially-oncogenic alterations
were annotated using the OncoKB database (genomic
events with any evidence of oncogenicity were con-
sidered oncogenic) [25].

Statistical analysis

Descriptive statistics were used to report clinico-
pathological characteristics and genomic alterations.
Non-parametric testing was used to compare char-
acteristics between tumor types. Wilcoxon rank-sum
and Fisher’s exact tests were performed to evaluate
differences in continuous and categorical variables,
respectively. The Benjamini-Hochberg approach was
used to correct for multiple testing. The primary
study outcome was cancer-specific survival (CSS).
Secondary outcomes included local recurrence-free
survival (RFS) for patients with locoregional dis-
ease, and metastasis-free survival (MFS) for patients
without distant metastasis at presentation. Survival
estimates were computed using the Kaplan-Meier
method, from the time of initial treatment to the
occurrence of the event of interest or last documented
visit. Multivariable analyses were performed using
Cox-regression models to adjust for year of treatment
(binarized by the median), age-adjusted Charlson
comorbidity index (CCI) (>3 vs. <3) and disease
stage. All statistical analyses were performed in the
R platform v3.5.1 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Table 1
Clinical and pathological characteristics of the study cohort
(n=31)
Variable No.Pts. %
Age in years (median, 73 60, 80
IQR)
Sex Female 29 94
Male 2 6
Age adjusted CCI <3 8 26
>3 23 74
Smoking status Never 19 61
Current/ former 12 39
Signs and symptoms Hematuria/ vaginal bleed 13 42
at presentation Dysuria/ discomfort 10 32
Spotting/ discharge 9 29
Obstructive symptoms 2 6
Vulvar/ urethral mass 20 65
Incidental finding 4 13
Lymph node Present 8 26
involvement Absent 23 74
Metastatic disease Present 1 3
Absent 30 97
Stage at diagnosis Localized 23 74
Regional nodal 7 23
Distant metastatic 1 3

IQR =interquartile range; CCI = Charlson comorbidity index.

RESULTS

Baseline clinical characteristics

The study cohort included 29 women and two
men with a median age of 73 years. A total of 27
patients (87%) were symptomatic at presentation.
Of these, 65% presented with a mass protruding
from the urethra or vulva, while 42% had hema-
turia and/or vaginal bleeding at presentation. Most
patients presented with localized disease (74%),
while regional/nodal involvement and distant metas-
tases were present in 23% and 3%, respectively. Of
all the individuals with urethral involvement identi-
fied, nineteen (61%) had urethral involvement as the
initial presentation, while the rest had tumors arising
from their genital tract prior to urethral involvement.
Clinical and pathological characteristics of the study
cohort are summarized in Table 1.

Clinical management and outcomes

The median time between diagnosis and treatment
was 1.1 months (IQR, 0.9—2.1). Table 2 summarizes
the initial treatment modalities of the study cohort.
Twenty-seven patients received treatment for locore-
gional disease. Three patients with unresectable
locoregional disease and one patient with metastatic
disease at presentation did not receive local treatment.
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Table 2
Initial treatment given to patients with urethral melanoma (n=31)
Variable No. Pts. %
Treatment of patients with resectable locoregional disease (n=27)
Local treatment Surgery 22 82
Radiotherapy 2 7
Surgery + Radiotherapy 3 11
Type of surgery Transurethral resection 1 4
Distal urethrectomy 2 7
Wide local excision and distal urethrectomy 9 33
Partial penectomy 2 7
Radical vulvectomy and distal urethrectomy 8 30
Pelvic exenteration 3 11
None 2 7
Lymph node dissection Sentinel 7 26
Inguinal 6 22
None 14 52
Adjuvant systemic treatment Chemotherapy — total 4 15
Temozolomide 3 11
Temozolomide/ thalidomide 1 4
Immunotherapy — total 2 7
Low dose interferon 2 7
Targeted therapy — total 1 4
Imatinib 1 4
Treatment of patients with metastatic or unresectable disease (n=4)
Chemotherapy — total 1 25
Dacarbazine 1 25
Immunotherapy — total 3 75
Ipilimumab 1 25
Nivolumab/ ipilimumab 2 50
Targeted therapy — total 0 0

Local treatment consisted mostly of surgery (25/27
patients, 93%), including 14/27 patients (52%) who
underwent organ sparing procedures and 11/27
patients (41%) who underwent radical procedures.
Lymph node dissection was performed in 13/27
patients (48%). Seven patients received multimodal
treatment — four received surgery followed by sys-
temic treatment, two received surgery and radiation
therapy and one received surgery, radiation, and sys-
temic therapy. Among the patients with metastatic
or unresectable disease, two patients with nodal
disease and one patient with metastatic disease
received immunotherapy with ipilimumab with or
without nivolumab. In addition, one patient received
chemotherapy with dacarbazine.

Median follow-up for survivors was 46 months
(IQR 33-123). During follow-up, among the 30
patients without metastatic disease at presentation,
8/30 (27%) had alocoregional recurrence, 7/30 (23%)
a distant recurrence or progression and 12/30 (40%)
had both a locoregional and distant recurrence. Three
patients did not have disease recurrence or progres-
sion — one patient was treated with nivolumab and
ipilimumab for unresectable local disease with nodal

involvement and did not progress at a follow-up of
49 months without additional treatments, one patient
died of other cause 4 months after receiving treat-
ment and one patient is without evidence of disease
18 months after a distal urethrectomy and sentinel
lymph node dissection for a localized tumor. Notably,
the other two patients who received immunotherapy
died of their disease at 54 months and 4 months after
diagnosis. Estimated 2- and 5-year local RFS rates
were 48% and 30%, respectively (Fig. la). Two-
and 5-year MFS were 61% and 41%, respectively
(Fig. 1b). Two- and 5-year CSS were 66% and 45%,
respectively (Fig. 1c).

Site and treatment of recurrent disease are reported
in Table 3. Most locoregional recurrences involved
the urethra (50%) and vulva/vagina (40%), while dis-
tant recurrences involved the lung (58%) and liver
(32%). Treatment of recurrences included mainly
surgery and immunotherapy (48% each). Approxi-
mately half of the cohort was treated after the year
2005. Although patient and tumor characteristics
were comparable between the two treatment periods,
as expected, a higher number of patients received
immunotherapy for recurrent disease in the group
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Fig. 1. Kaplan-Meier curves of (A) local recurrence free survival of patients who underwent treatment for their loco-regional disease (n=27),
(B) metastatic free survival of patients who presented without metastatic disease (n =30), and (C) cancer specific survival of all patients with

urethral melanoma (n=31).

Table 3
Location of tumor recurrence or progression and subsequent treat-
ment in patients presenting with non-metastatic urethral melanoma

(n=30)

Variable No.Pts. %
Recurrence Type Locoregional 8 27
Distant 7 23
Locoregional and distant 12 40
No recurrence 3 10
Locoregional Urethra 10 50
recurrence sites Vulva/ Vagina 8 40
(n=20) Lymph nodes 5 25
Pelvis 2 10
Bladder 2 10

Distant recurrence Lung 11 58
sites (n=19) Liver 6 32
Peritoneum 3 16

Lymph nodes 3 16

Adrenal 1 5

Treatment for Surgery 13 48
recurrence (n=27)  Radiotherapy 7 26
Chemotherapy 10 37

Targeted therapy 2 7

Immunotherapy 13 48

of individuals treated after 2005 (83.3% vs. 20%,
p=0.002). When included in a multivariable Cox
regression model controlling for age adjusted CCI
and stage, year of treatment was not associated with
either RFS, MFS or CSS.

Genetic alterations of primary urethral
melanoma

Genomic analysis revealed distinct features in ure-
thral melanomas when compared to other tumors.
First, urethral melanomas were contrasted to a set of
five non-melanoma primary urethral tumors (Fig. 2a).
Urethral melanomas appeared to have more complex
genomes than non-melanoma tumors, as noted by a
higher frequency of somatic alterations (median 11
vs. 5, p=0.03, Fig. 2b). This included all mutations,

copy-number alterations and fusions identified. Pri-
mary urethral melanomas were found to have a
relatively high frequency of 7P53 mutations (4/5
tumors, or 80%), and all the mutations identified were
predicted to be oncogenic (Fig. 2c, Supplementary
Table 1).

Next, we compared urethral melanomas to their
cutaneous and female genital counterparts. Primary
urethral melanomas showed a higher frequency of
TP53 mutations when compared to cutaneous (80.0%
vs. 18.2%, p=0.006) and vulvar/vaginal melanomas
(80.0 vs. 25.0%, p=0.04). On the other hand, BRAF
mutations were notably absent in urethral primaries
(0% vs. 46% in cutaneous melanoma, p =0.02). No
significant differences were observed between ure-
thral and cutaneous melanomas in the rates of KIT
(18% and 8%, p=0.4) and NRAS mutations (22%
and 23%, p=0.9). No significant differences were
seen in the mutation rates in any of the other genes
evaluated (Fig. 3a). In terms of the specific mutations
identified in urethral melanomas, KIT mutations were
seen in positions L576 and N822, while NRAS muta-
tions were noted in positions G12 and G13, all of
which are known hotspots [25]. This finding is in con-
trast to cutaneous melanomas in which most NRAS
mutations occur in the Q61 hotspot [26]. Potentially
targetable genomic alterations were identified in 4/5
patients with NGS data, which included: NFI muta-
tion (L1505*) and deletion, NRAS mutation (G12D),
KIT mutation (N822K), ERBB2 mutations (S310Y),
MET amplification, NF'] deletion and CDKN2A dele-
tion. Additionally, one sample was found to have
9p24 amplification which contains the locus for PD-
Ll.

When comparing the overall burden of somatic
mutations, urethral melanoma primaries were found
to have a lower TMB than cutaneous tumors (median
12.8 and 3.9, respectively, p =0.04) but comparable
levels to vaginal/vulvar tumors (Fig. 3b). The FCNAg
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Fig. 2. (A) Onco-print of common genetic alterations in patients who underwent MSK-IMPACT testing of primary urethral melanomas
(n=15) and primary urethral tumors with a non-melanoma histology (n = 5), the bar-plot represents the total number of genetic alterations seen
in each tumor sample; (B) Box-plot comparing total number of genetic alterations in patients with melanoma and non-melanoma urethral
tumors; (C) Lollipop plot depicting mutations in the 7P53 gene in patients with urethral melanoma (n=35).

was notably lower in cutaneous melanomas compared
to urethral (median 0.018 and 0.177, respectively,
p=0.03) or vulvar/vaginal primaries (Fig. 3c). All
primary urethral melanomas displayed low or inde-
terminate microsatellite instability (MSIsensor score
<10).

DISCUSSION

We report our results of a retrospective single-
institution analysis summarizing the clinicopatho-
logical and molecular characteristics of urethral
melanomas. A comparison of this poorly understood
entity with other (more common) melanomas pro-
vides new insights on the molecular origins of this
disease. Specifically, we found a higher frequency of
TP53 mutations in urethral melanoma compared to
cutaneous and non-urethral mucosal melanomas, all
of which were predicted to be oncogenic. In addition,
urethral melanomas in our cohort were associated
with a lower proportion of BRAF hotspot mutation,
lower mutation burden and higher proportion of the
genome affected by CNA, consistent with previous
reports.

The clinicopathological features of urethral mela-
nomas were previously evaluated in case reports and
small series of 11-15 patients [20, 21]. In a system-
atic review of the literature, which included a total of

150 patients, 60% of reported patients were women,
and the median age was 65.5 years [18]. Similarly, in
a SEER based study, 84% were women and the aver-
age age was 75 years [22]. Most patients presented
with symptomatic disease, with a urethral mass being
the most common finding (81%) followed by dysuria
(26%) and local bleeding (25%). Regional or distant
involvement was identified in 41%—-44% of patients
at diagnosis [18, 22]. Consistent with these reports,
in the current series, 94% of patients were women
and the median age was 73 years; 65% of patients
presented with a symptomatic mass and 42% had
hematuria and/or vaginal bleeding. Approximately
40% of patients had concurrent involvement of peri-
urethral tissues at the time of presentation. Nodal
involvement and/or distant metastases were apparent
in 26% of patients, representing the referral pattern
to our center.

Common genetic alterations in cutaneous mela-
nomas involve BRAF which is altered in 52%-59%
of patients and RAS genes which are altered in
22%-28% of patients [4, 11, 12]. KIT mutations
were apparent in only 1.7%—4% of patients [6,
11]. Mucosal melanomas are genetically distinct
from cutaneous melanomas; while only 0%—11% of
patients had a BRAF mutation and 5%-24% had
RAS mutations, 7%—-39% harbored a KIT aberration
[3-8, 12, 13, 16]. Additionally, mucosal melanomas
showed a low mutational burden with an average
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genome altered between the different tumors.

of 2.7 mutations per Mb and were less associ-
ated with the UVR signature [3]. Several studies
evaluated the genetic alterations of genitourinary
mucosal melanomas, mostly involving the geni-
tal tract, reporting NRAS mutation in 10%-21%,
KIT mutations in 4%-32% and BRAF mutation in
0%—-8% [7-10, 13, 16]. Mutation frequency in a
group of 37 female patients with vulvar, vaginal
and urethral melanomas did not differ by primary
tumor site, suggesting a similar molecular patho-
genesis [16]. However, contrary to these findings,
Hou et al. reported BRAF as the most frequently
mutated gene among patients with vulvar and vaginal
melanomas, altered in 26% of patients compared to
8.3% of non-gynecological mucosal melanomas and
KIT mutations occurred in 22% of patients compared
to 8.8% of non-gynecological mucosal melanoma,
suggesting vulvar/vaginal melanomas represent a
distinct subtype that differs from other mucosal
melanomas [14].

Genetic alterations of melanomas involving the
urinary tract were reported separately in a few publi-
cations. van Engen-van Grunsven et. al. reported on
five patients with urethral melanoma who underwent
Sanger sequencing of relevant exons of KIT, NRAS
and BRAF. One patient had an NRAS mutation while
KIT and BRAF mutations were absent in all tumors
[10]. Cosgarea et al. reported on three patients, one of
whom had a TERT promoter mutation while the two
others did not have any mutation identified on a tar-
geted panel of 29 known recurrently mutated genes
in melanoma [13]. In a recent publication by Zarei
et al. mutations in KIT, TP53, NFI and NRAS were
found in 2/7 urethral melanoma patients, and muta-
tions in TERT and BRAF were found in 1/7 patients
[16]. The current study is consistent with previous
reports in the lack of BRAF mutations. We did not
find a significant difference in the rate of NRAS muta-
tions compared to patients with cutaneous melanoma,
although the mutations did not involve the common
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Q61 hotspot [26]. KIT mutations were more prevalent
among patients with urethral melanomas compared
to patients with cutaneous melanomas (18% vs. 9%);
however, this difference was not statistically signif-
icant possibly due to the small number of patients
included in the cohort. The median TMB of urethral
melanomas in this cohort was reported at 3.9, a value
consistent with previous publications, and signifi-
cantly lower than the TMB of cutaneous melanomas
[3]. Additionaly, the FCNAg of urethral melanomas
was higher than their cutaneous counterparts and
comparable to those arising from the vulva/vagina.
These results are consistent with the recent report by
Zarei et al. [16] which suggested a similar mutational
landscape in mucosal melanomas with different tis-
sue origins.

Notably, we found a higher rate (80%) of TP53
mutation in urethral melanomas compared to both
cutaneous and vulvar/vaginal tumors. All the muta-
tions identified in this gene were noted to be onco-
genic when annotating our results using the OncoKB
platform, which is based on the latest biomedical
evidence available. These results suggest a dif-
ferent mutational landscape in urethral melanoma,
with additional oncogenic mechanisms potentially at
play. Prior genomic studies have reported conflicting
results regarding the frequency and significance of
TP53 mutations in urethral melanoma. Overall, the
reported frequency of TP53 mutations in mucosal
melanoma has been reported to range from 3.1 to
13.3% [3, 13, 15], and no significant associations
have been reported with tumors arising from the gen-
itourinary tract. Notably, a recent report by Newell
et al. described six TP53 mutations in a cohort of 45
tumors profiled with exome sequencing, all of which
occurred in genitourinary tumors which represented
about half of the cohort (29% mutation rate). How-
ever, this result was not replicated in their indepen-
dent cohort of 67 mucosal melanomas where 6 muta-
tions were identified and only one of them was found
in genitourinary tumors (mutation rate of 7%) [3].

The optimal treatment of urethral melanomas is
not established, and multiple treatment options are
currently used [17]. In a review of previously pub-
lished series surgical procedures were performed in
75% of patients, but only 19% underwent a cystec-
tomy [18]. Importantly, the use of radical surgery
did not show a benefit over wide local excision with
negative surgical margins [19, 27]. The rate of sur-
gical procedures performed in our series was 81%,
and 8% underwent a cystectomy. A single random-
ized phase II study showed that temozolomide-based

chemotherapy and high dose IFN-a-2b were effective
and safe as adjuvant therapies for resected mucosal
melanoma compared to observation alone [28]. Adju-
vant therapies including radiotherapy, chemotherapy
and immunotherapy were used in 36% of patients
in a summary of previous reports [18]. In the cur-
rent series, adjuvant treatment was given to 26%
of patients who underwent definitive local treat-
ment and is likely underused. Treatment options
for patient with unresectable or advanced mucosal
melanomas include immunotherapy, targeted therapy
and chemotherapy [17]. In retrospective studies, the
use of ipilimumab was associated with response rates
of 7%—12% and a median OS of 6.4 months [29,
30]. In a pooled analysis of patients with mucosal
melanoma from six clinical studies the objective
response rates to ipilimumab, nivolumab and a com-
bination of the two were 8.3%, 23.3% and 37.1%,
respectively, and median progression-free survival
was 2.7, 3 and 5.9 months, respectively, supporting
the efficacy and safety of anti—PD-1-based therapy in
mucosal melanoma [31]. The infrequent occurrence
of BRAF mutations in mucosal melanoma limits the
utility of BRAF targeted therapy; however, target-
ing KIT is a therapeutic option [17]. Phase II trials
evaluating the use of imatinib in metastatic mucosal,
acral, or chronically sun-damaged melanoma with
KIT amplifications and/or mutations showed overall
response rates of 44%-50% and a median sur-
vival of 12 months [32, 33]. In a retrospective
study of 81 patients who received systemic treat-
ment for advanced mucosal melanomas the overall
best response rate was 8%—-33% for chemotherapy
agents, 25% for immune-checkpoint inhibitors and
25% for targeted therapies. Median OS from ini-
tiation of first-line treatment was 10.3 months and
did not differ by treatment in the first-line setting
[34]. CSS rates in our cohort were higher than pre-
viously reported, possibly due to the relative low
number of patients who presented with metastatic
disease. However, there was no change in outcome
over the years, despite the more common use of
immunotherapy for the treatment of recurrent dis-
ease. The low rate of actionable BRAF and KIT
mutations, may contribute to the poor outcome of
mucosal melanoma when compared to cutaneous
melanoma [19]. Furthermore, the low TMB scores we
observed in urethral melanomas are possibly associ-
ated with decreased response to immunotherapy [35].
Although gene copy-number is not an accurate pre-
dictor of gene expression, we did find one urethral
melanoma which showed 9p24 amplification, which
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contains the locus of PD-LI. Previous reports have
shown that high expression of PD-LI can be associ-
ated with response to immunotherapy [36, 37], and
future studies will need to assess if a similar associ-
ation is apparent in urethral melanoma.

Our study limitations include its retrospective
nature as well as the small sample size and the
possibility of a selection bias towards patients with
non-metastatic disease, all of which may limit the
generalizability of our findings. Additionally, clinical
data regarding tumor stage was not available in the
database used to compare the genomic landscape of
different melanomas. Thus, while all analyzed sam-
ples were obtained from primary tumors, we were
unable to adjust our findings for disease stage. Never-
theless, the current study adds insight as to the clinical
and molecular characteristics of this rare tumor.

In conclusion, our findings show that survival
remains poor for patients with urethral melanoma
and is unchanged over the time studied. Our findings
support a unique mutational landscape of urethral
melanoma compared to that of cutaneous melanoma.
Future multi-institutional studies with larger cohorts
and prospective tissue collection will be required
to identify the optimal treatment modality for this
rare disease and corroborate the associated molecular
findings.
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