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Introduction

Sinonasalmelanoma isa rarediseaseentity, accounting for less
than 1% of all diagnosed melanomas and up to 4% of all
malignancies of the sinonasal cavity.1,2 It is widely recognized
as an aggressive disease that affords a very poor prognosis
irrespective of treatment. Standard histopathological predic-
tors ofpoorprognosis that affect cutaneousmelanomastaging,

suchasBreslow’sdepth, ulceration, andmitoses, havenotbeen
shown to influence survival in mucosal melanoma.3 The
published 5-year survival data reveals a dismal rate of 6.5 to
34%,4 with most patients dying within the first 3 years.

Thetraditional treatment for sinonasalmelanomaissurgical
resection followed by radiation therapy to improve local con-
trol. Surgical management has been shown to afford improved
survival outcomes when compared with chemotherapy or
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Abstract Background Sinonasalmelanoma is a rare diseasewith a highmortality rate. The surgical
management paradigm has significantly changed over the past decade with the introduc-
tion of expanded endonasal techniques. There have also been advances inmanagement of
metastatic and locally advanced disease with the advent of immunotherapy.
Methods Single-institution retrospective review of adult patients with sinonasal mela-
noma, surgically managed at the University of Michigan over a 9-year period. Thirty-one
patientsmet inclusion criteria. All patientswere retrospectively stagedaccording to the 7th
Edition AJCC staging system for mucosal melanoma. Parameters that may affect survival
were analyzed using Cox’s proportional hazard models and survival outcomes were
analyzed with the Kaplan–Meier method. Additionally, a review of three patients with
distant metastatic disease receiving immunotherapy is presented.
Results Most patients were managed endoscopically (67%), and had stage III disease
(71%). However, 57% of stage IVB tumors were successfully managed endoscopically.
Stage statistically impacted overall survival whereas distant control was impacted by
stage, site of origin, mitotic rate, and necrosis. The 2-year overall survival for all stages
was 77% which declined with advanced disease. Two-year locoregional control and
distant control showed similar trends.
Conclusion Treatment of sinonasal melanoma has drastically changed over the past
decade with increased use of expanded endonasal techniques. Our review revealed
excellent 2-year overall survival in stage III disease with an appreciable decline in
survival in more advanced disease. Immunotherapy may play a large role is future
management given the high-risk of distant metastasis.
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radiotherapy alone.5,6 Traditional open approaches are often
associated with increased morbidity, prolonged operative
times, and significant intraoperative blood loss. Less invasive
endoscopic approaches have allowed for decreased morbidity
and comparable survival outcomes.7,8 Again, the majority of
patients undergo adjuvant radiation therapy following surgical
resection; however, most studies have shown no significant
overall survival benefit.4,9

Along with improved surgical techniques, there are now
immunologic therapies available for treatment of patients
with sinonasal melanoma in the setting of advanced and
metastatic disease. These medications include ipilimumab,
nivolumab, and pembrolizumab. The data on efficacy of
these medications is extrapolated from their use in cuta-
neous melanoma.10 Ipilimumab is a monoclonal antibody
which exerts its effect by targeting CTLA-4 (cytotoxic T
lymphocyte-associated protein-4). CTLA-4 is a protein
receptor which functions by down-regulating the action of
cytotoxic T lymphocytes (CTLs) that play a key role in the
destruction of tumor cells. Ipilimumab blocks the inhibitory
function of CTLA-4 allowing CTL’s to perform their tumor-
icidal role. Nivolumab and pembrolizumab are two antipro-
grammed death 1 (PD-1) antibodies which were also
approved by the U.S. FDA (Food and Drug Administration)
in 2014 for management of metastatic cutaneousmelanoma.
The therapeutic antibodies bind to and block the PD-1
receptor on lymphocytes inhibiting the PD-L1 and PD-L2
immune suppressing ligands from interacting with the
receptor. These ligands are often found on tumor cells which
can then bind toT-cells leading to their inactivation resulting
in immune evasion. This action is prevented with PD-1
receptor antibodies. These drugs are not yet widely used in
the treatment of sinonasal melanoma and the literature
regarding their efficacy and safety in this setting is limited.16

Given the significant advances in the treatment of this
challenging disease entity over the past decade, we elected
to reviewour institutional outcomes and treatment strategies.
This studywasdesigned to report the clinical characteristics of
patients diagnosed with sinonasal melanoma, analyze the 2-
year overall survival, locoregional control, distant control and
investigate parameters than may be predictive of poor prog-
nosis.We also provide a case report of three patients treated at
our facility with advanced sinonasal melanoma receiving
immunotherapy, in hopes to shed light on their potential
use in the management of this disease in the advanced
locoregional and distant metastatic disease setting.

Methods

An institutional review board approved query of otolaryn-
gology department patient encounters was performed, iden-
tifying 183 new patients with nasal or sinonasal malignancy
receiving care by the two senior authors between 2009 and
2017. Each patient’s chart was examined to include only
those patients with biopsy-confirmed sinonasal melanoma,
totaling 39 patients. Those patients with metastatic disease
at diagnosis (n ¼ 2), unresectable disease (n ¼ 2) or those
whom had undergone surgical resectionwith curative intent

byan outside physician (n ¼ 4)were excluded, leaving a total
of 31 patients for analysis

Clinical information was retrieved from the electronic
medical record to include demographic data, presenting
symptoms, date of diagnosis, subsite of origin, stage, surgical
treatment, complications, adjuvant therapy, and outcome.
Each tumor specimenwas reviewedbyone experienced head
and neck pathologist to confirm the diagnosis and identify
histopathological features that may be associated with prog-
nosis. Each patient was retrospectively staged according to
the 7th Edition American Joint Committee on Cancer (AJCC)
staging system for mucosal melanoma (►Table 1) based on
clinical information including endoscopic description, radi-
ologic data, and intraoperative findings. At the time of this
publication, the AJCC 8th edition has been released with no
changes in the tumor-node-metastatis (TNM) staging; how-
ever, there are now no proposed prognostic stage groups.

Outcomedatapertaining topatient anddisease parameters
were calculated using Cox proportional hazards models for 2-
yearoverall survival (OS), locoregional control (LC), anddistant
control (DC). Curves describing the 2-year OS, LC, and DCwere
calculated with the Kaplan–Meier method.

During our review, three patientswere identifiedwhohad
received immunotherapy. Clinical datawas collected regard-
ing tumor stage, primary site, date of diagnosis and surgery,
operative technique, receipt of adjuvant radiation, site of
recurrence/distant metastasis, immunotherapy regimen,
and outcomes.

Table 1 AJCC 7th edition staging for mucosal melanomas

Description of the 7th edition AJCC staging system
for sinonasal melanoma

T Primary tumor

T3 Mucosal disease

T4a Moderately advance disease: tumor involving
deep soft tissue, cartilage, bone, or overlying skin

T4b Very advance disease: tumor involving brain, dura,
skull base, lower cranial nerves (IX, X, XI, XII),
masticator space, carotid artery, prevertebral
space, or mediastinal structures

N Regional lymph nodes

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis present

M Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

Overall stage

III T3 N0 M0

IVA T4a N0 M0
T3–4a N1 M0

IVB T4b any N M0

IVC Any T any N M1

Journal of Neurological Surgery—Part B Vol. 80 No. B5/2019

Future Directions for Sinonasal Melanoma Manton et al. 485

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Results

Patient and Disease Characteristics
A total of 31 patients met inclusion criteria, most of whom
were female, Caucasian, and nonsmokers with greater than
60 years of age. The most common site of disease origin was
within the nasal cavity, specifically arising from the nasal
septum. Most patients presented with multiple symptoms
including: epistaxis, nasal obstruction, sinusitis, and cranial
neuropathies. Less common symptoms included headache,
nasal deformity, otalgia, hearing loss, facial pain, vision
changes, and epiphora. All stages of diseasewere represented
in this cohort, the most common being stage III. Disease and
patient characteristics are summarized in ►Table 2.

Pathologic Characteristics
All retained pathologic specimens were submitted for inter-
nal histological review for confirmation of diagnosis. Of the
31 patients, 16 had BRAF and cKIT mutation status available
for interpretation. Of these 16 patients, only 3 were positive
for cKIT and 1 was positive for BRAF mutations. Twenty-two
samples had sufficient tissue available for further analysis of
pathologic features that may influence clinical outcomes.
These variables are listed in►Table 2. On univariate analysis,
mitotic rate (analyzed as a continuous variable), necrosis,
and anatomic level within bone compared with submucosa
each had a statistically significant decreased time to develop
distant diseasewith hazard ratios of 1.16 (95% CI [confidence
interval]: 1.02–1.33) p ¼ 0.03, 9.48 (95% CI: 1.76–51.24)
p ¼ 0.009, and 6.41 (95% CI: 1.19–34.43) p ¼ 0.03, respec-
tively. In multivariate analysis, mitotic rate and necrosis
separately add information to our DC model over stage and
disease site; however, anatomic level loses significance after
controlling for these variables. These outcomes are displayed
in ►Table 3.

Treatment
Surgical interventionwas categorized by approach including
endoscopic, open, or combined. Twenty-one patients (67%)

Table 2 Patient demographics, disease characteristics and
pathologic variables

Patient demographics Number (%) n ¼ 31

Age in y (mean and range) 71.0 (52–85)

< 60 6 (19)

> 60 25 (81)

Race

White 29 (93)

Black 2 (7)

Other 0 (0)

Gender

Male 9 (29)

Female 22 (71)

Tobacco use

Yes 12 (39)

No 19 (61)

Disease characteristics

Primary site

Nasal cavity 23 (75)

Paranasal sinuses 8 (25)

AJCC overall stage

III 19 (61)

IVA 5 (16)

IVB 7 (23)

Time from diagnosis to surgery

< 1 mo 11 (35)

1—2 mo 15 (48)

> 2 mo 5 (16)

mean (range) 42.8 d (8–190)

Presenting symptoms

Epistaxis 27 (87)

Nasal obstruction 17 (55)

Table 2 (Continued)

Patient demographics Number (%) n ¼ 31

Sinusitis 6 (19)

Cranial neuropathy 3 (10)

Pathologic variables Number (%) n ¼ 22

Anatomic level

Bone 7 (37)

Submucosa 14 (64)

Not available 1 (5)

Ulceration 14 (64)

Necrosis 9 (41)

Satellitosis 2 (9)

Perineural invasion 1 (5)

Angiolymphatic invasion 2 (9)

Pigmentation

Absent 12 (55)

Extensive 7 (32)

Focal 3 (14)

Subtype

Epitheliod 16 (73)

Small cell 4 (18)

Spindle 2 (9)

Mean (SD), range

Mitosis (per mm2) 6.9 (6.4), 0–18

Depth (mm) 7.0 (6.4), 0–25

Abbreviation: SD, standard deviation.
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were treated endoscopically, seven (23%)were treatedwith a
combined approach, and three (10%) via an open approach.
Those treated endoscopically encompassed all disease stages
with 15 patients representing stage III, two patients (40%)
stage IVA and four patients (57%) stage IVB. Those patients
treated with a combined approach also encompassed all
disease stages, with four stage III, two stage IVA, and one
stage IVB. Open approach was reserved for advance disease
alone including for one stage IVA and three stage IVB. Most
patients went on to receive adjuvant radiation therapy at
84%. Of the five patients who did not receive adjuvant
radiation therapy, four had disease limited to the mucosa
with negative surgical margins. Two of these patients had no
residual melanoma found within the surgical specimen,
owing to their initial biopsy having removed all malignant
cells. Each patient also had a Multidisciplinary Melanoma
Tumor Board recommendation against additional therapy,
given the limited extent of disease. The fifth patient pre-
sented with stage IVB disease and developed distant meta-
static disease within 2 weeks of surgical resection,
succumbing to the disease within 5 months. Adjuvant radia-
tion therapy was initially recommended but held due to
initiation of systemic immunotherapy for management of
distant disease.

We thus far have three patients on immunotherapy for
the treatment of distant metastatic disease. Treatment regi-
mens include: ipilimumab alone, ipilimumab with nivolu-
mab, and pembrolizumab alone. Details regarding these
cases are described later. Treatment data are summarized
in ►Tables 4 and 5.

Survival
The median follow-up durationwas 38.5 months. The 2-year
overall survival (OS) for all stages was 77% (95% CI: 56–

Table 3 Hazard ratios and p-values from Cox’s proportional hazards models for overall survival (OS), locoregional control (LC), and
distant control (DC)

OS LC DC

Depth (mm) 0.935 (0.689, 1.270), p ¼ 0.67 0.966 (0.766, 1.218), p ¼ 0.77 1.113 (0.993, 1.247), p ¼ 0.065

Mitoses (mm2) 1.093 (0.969, 1.233), p ¼ 0.15 1.032 (0.912, 1.166), p ¼ 0.62 1.164 (1.016, 1.334), p ¼ 0.03

Ulcerated 1.248 (0.278, 5.615), p ¼ 0.77 1.248 (0.278, 5.615), p ¼ 0.88 5.709 (0.679, 48.038), p ¼ 0.11

Necrosis p ¼ 0.9966, HR est. problems 0.696 (0.077, 6.308), p ¼ 0.75 9.483 (1.755, 51.248), p ¼ 0.009

Satelitosis 1.251 (0.149, 10.507), p ¼ 0.84 4.139 (0.374, 45.763), p ¼ 0.25 1.450 (0.173, 12.128), p ¼ 0.73

PNI 4.500 (0.456, 44.374), p ¼ 0.20 5.283 (0.545, 51.175), p ¼ 0.15 p ¼ 0.9954, HR est. problems

ALI 6.380 (0.564, 72.180), p ¼ 0.13 p ¼ 0.9959, HR est. problems 7.159 (0.636, 80.576), p ¼ 0.11

Anatomic level
(bone vs.
submucosa)

1.960 (0.347, 11.059), p ¼ 0.45 0.387 (0.045, 3.329), p ¼ 0.39 6.407 (1.192, 34.426), p ¼ 0.03

Pigmentation
(extensive vs.
absent)

0.448 (0.086, 2.327), p ¼ 0.34 0.160 (0.017, 1.541), p ¼ 0.11 1.175 (0.235, 5.875), p ¼ 0.84

Pigmentation
(focal vs. absent)

p ¼ 0.9963, HR est. problems 2.879 (0.249, 33.326), p ¼ 0.40 0.976 (0.101, 9.458), p ¼ 0.98

Subtype
(small cell vs.
epitheloid)

2.790 (0.544, 14.310), p ¼ 0.22 4.268 (0.620, 29.402), p ¼ 0.14 2.017 (0.368, 11.072), p ¼ 0.42

Subtype
(spindle vs.
epitheloid)

1.306 (0.132, 12.899), p ¼ 0.82 2.807 (0.290, 27.128), p ¼ 0.37 1.958 (0.218, 17.605), p ¼ 0.55

Abbreviations: ALI, angiolymphatic invasion; HR, hazard ratio; PNI, perineural invasion.

Table 4 Treatment rendered

Treatment Number (%)

Total patients n ¼ 31

Surgical modality

Endoscopic 21 (67)

Open 3 (10)

Combined 7 (23)

Margin status

Positive 8 (26)

Endoscopic 6 (75), 28% of all endoscopic

Combined 1 (12.5) 14% of all combined

Open 1 (12.5), 33% of all open

Negative 23 (74)

Adjuvant XRT

Yes 26 (84)

No 5 (16)

Immunotherapy

Yes 3 (10)

No 28 (90)

Abbreviations: XRT, radiation.
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89; ►Fig. 1), locoregional control (LC) was 72% (95% CI: 49–
86), distant control (DC) was 69% (95% CI: 47–83). When
subdivided by stage, the 2-year OS was 87% (95% CI: 58–97),
67% (95% CI: 5–95) and 57% (95% CI: 17–84) for stages III, IVA,
and IVB, respectively (►Fig. 2). The 2-year LC was 72% (95%
CI: 62–97), 100% (no local recurrences), and 38% (95% CI: 1–
81) for stages III, IVA, and IVB, respectively (►Fig. 3). The 2-

yearDCwas 89% (95%CI: 62–97), 33% (95% CI: 1–77), and 21%
(95% CI: 1–60) for stages III, IVA, and IVB, respectively
(►Fig. 4). These outcomes are summarized in►Table 6. Stage
was the only variable found to significantly impact OSwith a
hazard ratio of 3.87 (95% CI: 1.02–14.74) when comparing
stage III disease to stage IVB. However, DC was significantly
impacted by both stage and primary site of tumor origin
within the nasal cavity. Hazard ratios were 7.65 (95% CI:
1.51–38.71) for stage IVA compared with stage III and 7.38
(95% CI: 1.56–34.84) for stage IVB compared with stage III
disease. For tumor origin, the hazard ratio was 6.06 (95% CI:
1.58–23.27) for the nasal cavity when compared with the
paranasal sinuses. Cox’s proportional hazards models for
outcome measures are displayed in ►Table 7.

Future Directions of Management: Utilization of
Immunotherapy
Three postsurgical patients have received immunotherapy in
our cohort. The first patient had T4bN0M0 mucosal mela-
noma of the ethmoid sinus and underwent an open approach
for tumor resection followed by adjuvant radiation therapy.
They developedmultiple distant metastases including pelvic
lymph nodes and a temporal lobe metastasis, first identified
16 months following surgery. Immunotherapy with com-
bined ipilimumab and nivolumabwas initiated at the time of
diagnosis of distant disease. This patient remains with stable

Table 5 Surgical technique by stage

Surgical technique by stage Number (%)

Stage III n ¼ 19 (61)

Endoscopic 15 (79)

Combined 4 (21)

Open 0 (0)

Stage IVA n ¼ 5 (16)

Endoscopic 2 (40)

Combined 2 (40)

Open 1 (20)

Stage IVB n ¼ 7 (23)

Endoscopic 4 (57)

Combined 1 (14)

Open 2 (29)

Fig. 1 2-year overall survival for all stages.
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Fig. 2 2-year overall survival by stage.

Fig. 3 2-year locoregional control by stage.
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disease over a 3.5-year period and experienced just a short
term mild skin rash as a side effect. The second patient had
T4aN0M0mucosalmelanomaof the nasal cavity. This patient
underwent a combined surgical approach followed by adju-
vant radiation therapy. They developed distant disease
4 years following treatment, with metastases to the pan-
creas, liver, and small bowel. The patient was initiated on
pembrolizumab therapy at the time of diagnosis of distant
disease. They have remained with stable disease over a 1.5-
year period, having experienced vitiligo as a side effect of
treatment. Our third patient had T4bN0M0 mucosal mela-
noma of the ethmoid sinus. They underwent endoscopic
resection but developed abdominal metastatic disease
within 1 month postsurgery and thus did not receive adju-
vant radiation therapy. The patient died of disease 4 months

after initiation of ipilimumab. Patient characteristics are
displayed in ►Table 8.

Discussion

Sinonasalmelanoma remains a challenging disease entitywith
a poor prognosis. Some patients experience a prolonged survi-
val despitemultiple local recurrencesordevelopmentofdistant
metastatic disease, whereas others rapidly decline despite
negative-margin surgical resection and adjuvant radiation
therapy. This suggests the presence of underlying differences
ingeneticmakeuporepigenetic factors (e.g., immuneresponse)
between these tumors which have not yet been defined.

Management of sinonasal melanoma at our institution has
largely transitioned from the utilization of open approaches to
those including endoscopic alone or combined approaches. All
diseasestageshavebeensuccessfullymanagedendoscopically.
Thedecision toproceedwith anendoscopicapproachhas been
made based on clinical and radiographic extent of disease,
patient comorbidities, and surgeon experience. With contin-
ued practice and technique development, we are able to
further push theboundaries ofdiseasewe are able to approach
endoscopically whileminimizingmorbidity at our institution.
Overall survival at 2 years for stage III disease is 87% at our
practice. This sharply declined to 57% in more advanced stage
IVBdisease. Locoregional control for stage IIIdisease is72%.We

Fig. 4 2-year distant control by stage.

Table 6 2-year Kaplan–Meier estimates (95% CI) of time to
event outcomes

Stage III
n ¼ 19

Stage IVA
n ¼ 5

Stage IVB
n ¼ 7

OS 87% (58.97) 67% (5.95) 57% (17.84)

LC 72% (44.87) 100% (CI not estimable) 38% (1.81)

DC 89% (62.97) 33% (1.77) 21% (1.60)

Abbreviation: CI, confidence interval.
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did not have any locoregional recurrences in our stage IVA
subgroup, though therewere only five patients included, all of
which were received adjuvant radiation therapy. The small
sample size significantly limits our ability to interpret this
information. Locoregional control was notably worse in the
stage IVB patients at 38%. As expected, the distant control
declined with increasing stage.

It’s difficult tomake conclusions onwhyourdisease control
is higher than the average reported given our small sample
size. Our overall approach includes aggressive, margin-nega-
tive, and surgical resection followed by adjuvant radiation
therapy in themajority of cases.We also utilize intraoperative,
frozen section, and margin analysis. Though frozen section
analysis for melanoma is not standard andmargins are some-
times overturned onfinal pathology, we do feel this additional
information helps to guide margin-negative resection.

Most of our patients underwent adjuvant radiation ther-
apy. The few that did not either had minimal disease burden
or progressed rapidly to distant disease and death without
time for adjuvant intervention. Given the poor prognosis
associated with this disease and the possibility for skip
lesions despite ‘negative’ surgical margins within the sino-
nasal cavity, it is our practice to routinely recommend
adjuvant radiation therapy.17 We agree with the majority

of authors in considering adjuvant radiotherapy to increase
local and regional control even though it does not increase
survival independently of tumor stage.18–23

The management of patients with unresectable and meta-
static disease remains a challenge. Outcomes andmanagement
of these patients tend to parallel those of advanced cutaneous
melanoma patients. To date, there have been no published
randomized controlled trials evaluating the efficacy of newer
immunologic therapies in the setting of sinonasal melanoma.
Several retrospective studies have reviewed early outcomes in
thispatient cohortwith encouraging results. The low incidence
rate of this disease makes the development of randomized
trials unlikely to occur, and use of these agents for sinonasal
melanoma is predicated on the understanding of the outcomes
in cutaneous melanoma and small retrospective reviews.
Postow et al reviewed the efficacy of ipilimumab for patients
with metastatic or unresectable mucosal melanoma and
showed that although the overall response rate was low,
somepatients canachievedurable responseswitha reasonable
side effect profile.17Ofnote, only 12of the33patients analyzed
had a disease origin within the sinonasal cavity. We plan to
continue gathering data on our patient cohort in hopes to
provide some insight into the efficacyof immunotherapy in the
setting of advanced sinonasal melanoma.

Table 7 Hazard ratios and p-values from Cox’s proportional hazards models for overall survival (OS), locoregional control (LC), and
distant control (DC)

OS LC DC

Age 0.97 (0.91, 1.03), p ¼ 0.34 0.98 (0.91,1.06), p ¼ 0.59 0.97 (0.91,1.04), p ¼ 0.37

Sex (female vs. male) 1.61 (0.35, 7.49), p ¼ 0.54 2.41 (0.29, 20.07), p ¼ 0.41 1.68 (0.36, 7.93), p ¼ 0.51

Stage IVA vs. III 2.27 (0.44, 11.78), p ¼ 0.33 a 7.65 (1.51, 38.71), p ¼ 0.01

Stage IVB vs. III 3.87 (1.02, 14.74), p ¼ 0.047 1.31 (0.25, 6.87), p ¼ 0.75 7.38 (1.56, 34.84), p ¼ 0.01

Stage IVA vs. IVB 1.70 (0.31, 9.47), p ¼ 0.54 a 0.96 (0.20, 4.58), p ¼ 0.96

Primary site
(sinus vs. nasal cavity)

2.84 (0.82, 9.88), p ¼ 0.10 0.52 (0.06, 4.33), p ¼ 0.54 6.06 (1.58, 23.27), p ¼ 0.009

Smoking (Y vs. N) 1.86 (0.53, 6.51), p ¼ 0.33 0.33 (0.04, 2.76), p ¼ 0.31 0.57 (0.12, 2.70), p ¼ 0.48

Radiation (Y vs. N) 0.76 (0.20, 2.89), p ¼ 0.69 0.63 (0.12, 3.26), p ¼ 0.58 2.78 (0.35, 22.03), p ¼ 0.33

Margins (pos vs. neg) 1.32 (0.35, 4.99), p ¼ 0.68 b 0.94 (0.20, 4.74), p ¼ 0.94

D from diagnosis to OR 0.99 (0.96, 1.02), p ¼ 0.35 0.99 (0.95, 1.02), p ¼ 0.44 0.99 (9.95, 1.02), p ¼ 0.40

Abbreviations: N, no; neg, negative; OR, operation; pos, positive; Y, yes.
aNo local recurrences in stage IVA
bNo positive margins with local recurrence.

Table 8 Characteristics of patients receiving immunotherapy

Patient Stage Primary
stage

Date of
diagnosis

Date of
surgery

Technique Adjuvant
XRT

Metastatic disease Immunotherapy Status

1 T4bN0M0 Ethmoid 5/18/2011 7/6/2011 open yes November 2012: neck;
December 2014: pelvis;
May 2014: temporal lobe

Ipilimumba,
nivolumab

Alive last RV
12/4/2017

2 T4aN0M0 Nasal
cavity

5/29/2012 7/20/2012 combined yes April 2016: pancreas,
liver; September 2016:
small bowel

Pembrolizumab Alive last RV
1/30/2018

3 T4bN0M0 Ethmoid 1/10/2013 1/25/2013 endoscopic no February 2013: abdomen Ipilimumab Deceased
6/26/2013

Abbreviations: RV, return visit; XRT, radiation.
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Our study is limited by the small sample size. Sinonasal
melanoma is a rare disease, making a single institution
review of outcomes difficult, even at a large academic center.
This limits our ability to perform multivariate analysis on a
large number of clinical and pathologic characteristics. With
a small sample size, is it possible that some factors influen-
cing our outcomes are not identified due a lack of power.

Conclusion

Treatmentof sinonasalmelanomahasdrasticallychangedover
the past decade with the advent of expanded endonasal
techniques. At our institution, all disease stages have been
successfully managed endoscopically and the decision to
proceed with this approach is made carefully by considering
clinical and radiographic extent of disease, patient comorbid-
ities, and surgeon experience. Management of advanced and
metastatic disease is also a changing paradigm with the
introductionof immunotherapy.Herewepresenta case report
of three patients, two of which have sustained stable meta-
static diseaseburden on immunotherapywithwell over a year
of follow-up and with minimal side effects.
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