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Abstract Sinonasal mucosal melanoma is a rare disease

with poor survival. These tumors may have associated

intraepithelial melanocytic proliferations, which are not

extensively characterized. This retrospective analysis of 32

patients with sinonasal mucosal melanoma examined

associated intraepithelial melanocytic proliferations in the

context of diagnostic and prognostic features. Patient age

ranged from 30 to 90 years (median 71) with a male to

female ratio of approximately 3:2. Follow up for 31

patients ranged from 5 to 211 months (mean 42 months).

Most patients died from melanoma-associated causes (18/

31, 58 %), six (19 %) died from unknown causes, two

(6 %) were alive with metastatic disease, and only five

patients (16 %) remained alive without melanoma. The

tumors were histopathologically heterogeneous, displaying

epithelioid, spindled, and small cell cytomorphology. The

presence of[2 mitoses/mm2 and necrosis correlated with

tumor progression and overall survival, respectively

(p = 0.04 for both). Melanoma in situ, defined as a con-

fluent intraepithelial proliferation of cytologically atypical

melanocytes, was identified in 20 of 30 evaluable cases

(67 %) and confirmed with immunohistochemical staining

for microphthalmia-associated transcription factor. Mel-

anocytic hyperplasia, defined as intraepithelial melanocytic

proliferation without confluent growth or marked atypia,

was seen in five cases (16 %). This incidence of associated

intraepithelial melanocytic proliferations (83 %) is higher

than previously reported. Because of the locally aggressive

nature of these tumors, an awareness of the high rate of

associated intraepithelial melanocytic proliferations may

inform future studies of therapeutic options.
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Introduction

Primary mucosal melanoma of the sinonasal tract is a rare,

usually fatal disease with high rates of local recurrence and

metastasis [1–3]. Primary mucosal melanoma may arise in

the nasal cavity, paranasal sinuses, and oral cavity, and has

an overall 5-year survival of approximately 20 % [1–4].

Many published series group oral mucosal melanoma with

sinonasal melanoma. Pathologic staging of disease and

clinical factors including patient age and tumor location

offer some prognostic information [2, 3, 5, 6]. However,

standard staging schemas used for cutaneous melanomas

do not apply to these tumors. Histopathologic features

associated with poor prognosis in cutaneous melanoma,

including ulceration and increased tumor thickness are

commonly observed in sinonasal melanoma [7]. Histologic

prognostic factors, such as Breslow thickness in cutaneous

melanoma, have not been definitively established in sino-

nasal melanoma, although some studies have correlated

tumor thickness with poor outcome [8–10]. A large series

of 115 sinonasal melanomas described undifferentiated

tumor cell morphology and high mitotic index as important

prognostic factors; these authors did not focus on the pre-

sence or absence of an associated intraepithelial component
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[5]. Smaller studies of sinonasal melanoma have not found

consistent, prognostically significant histopathologic fea-

tures and have variably described the intraepithelial mel-

anocytic component [8–11].

As noted above, robust evaluations of the presence and

significance of intraepithelial melanocytic proliferations

associated with sinonasal melanoma are scarce. The vast

majority of melanomas arising from the squamous mucosa

of the head and neck have an in situ component [12, 13].

However, series of sinonasal melanoma have typically

reported a much lower incidence of intraepithelial melan-

ocytic proliferations [5, 10], although one study noted

junctional change (defined as atypical melanocytes in the

overlying epithelium) in 5 of 9 cases with intact epithelium

[14]. Previous immunohistochemical studies have demon-

strated the utility of S-100 protein, HMB-45, tyrosinase,

Melan-A, and microphthalmia transcription factor (MITF)

in the diagnosis of mucosal melanoma of the head and neck

[1, 5, 14–18]. Other studies have correlated Ki-67 index

and matrix metalloproteinase expression with prognosis

[19, 20]. Immunohistochemistry may be particularly help-

ful in defining the extent of possible associated intraepi-

thelial melanocytic proliferations.

The goal of this study was to perform a detailed clini-

copathologic examination of sinonasal melanoma, investi-

gate possible markers of prognosis, and better characterize

the intraepithelial melanocytic proliferations associated

with sinonasal melanoma through histopathologic and

immunohistochemical analysis.

Materials and Methods

The study was approved by the Partners Human Research

Committee (IRB# 2012-P-001718). An electronic search of

the surgical pathology files of the Massachusetts General

Hospital and Massachusetts Eye and Ear Infirmary from

1990 to 2012 yielded 33 cases of sinonasal melanoma. Of

these, glass slides and archived tissue samples were avail-

able from 32. The electronic medical record for each patient

was reviewed to document patient age, tissue site, treat-

ment, response to therapy, and status at the last clinical visit

or date and cause of death. Additional follow up informa-

tion was obtained through the Social Security Death Index

(SSDI) [21]. Histopathological analysis included docu-

mentation of tumor cell morphology, mitogenicity (number

of mitotic figures/mm2; counted at the mitotic ‘‘hot spot’’

with a 40 9 objective), ulceration, regions of tumor cell

necrosis, perineural invasion, lymphovascular invasion,

involvement of deep structures (such as bone, skeletal

muscle, cartilage), margin status, and the presence and

extent of intraepithelial melanocytic proliferations. Muco-

sal melanoma in situ (MMIS) was defined as a confluent

intraepithelial melanocytic proliferation of cytologically

atypical melanocytes, while melanocytic hyperplasia was

defined as an intraepithelial melanocytic proliferation

without confluent growth or marked cytologic atypia.

Immunohistochemical Studies

Immunohistochemical detection of microphthalmia-asso-

ciated transcription factor (MITF) was performed on sec-

tions of formalin-fixed, paraffin-embedded tissue samples

using standard peroxidase immunohistochemical tech-

niques (Clone D5, DAKO, Carpentaria, CA). When the

intraepithelial melanocytes were visible on hematoxylin

and eosin-stained tissue sections (H&E), selected blocks

from each case with the most robust appearing intraepi-

thelial melanocytic proliferation were stained for MITF to

confirm the presence of melanocytes. In some cases with-

out apparent intraepithelial melanocytes, MITF was per-

formed on the tissue blocks with melanoma and the most

abundant epithelium. A case of MITF positive cutaneous

melanoma was used as the positive control, while five cases

of benign sinonasal tissue removed for rhinosinusitis were

used as negative controls. Intraepithelial melanocytes were

not detected in the normal control tissues. While MITF is

not a melanocyte-specific stain and may mark histiocytes,

the combination of H&E stained sections with MITF stains

allowed for identification of intraepithelial melanocytes.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism

software (Version 6.03; GraphPad Software, San Diego,

California). The Kaplan–Meier method was utilized to

construct survival curves, and univariate survival analysis

was performed using the log-rank test. Overall survival was

defined as the time from the date of the initial diagnostic

biopsy to the date of death or last clinical follow-up.

Fisher’s exact test was used to test mitogenicity vs. tumor

progression.

Results

Clinical Characteristics

This study investigated 32 patients with mucosal melanoma

of the sinonasal tract. Clinical data including follow up

information are shown in Table 1. The median patient age at

diagnosis was 71 years of age (range 30–90) and the male to

female ratio was approximately 3:2. 23 patients were Cau-

casian, 1 was Hispanic, and 8 were of undocumented race.

Follow up was available for 31 patients (range

5–211 months;mean 42 months;median 16 months). Of the
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31 tumors with clinical follow up, 11were intranasal, 3 in the

maxillary sinus, 1 in bothmaxillary and ethmoid sinuses, and

16 were sinonasal without detailed information on location.

Of the 25 patients with detailed social histories, 12 had a

history of cigarette smoking and one had a history of radia-

tion therapy for acne. None had a documented history of

immunosuppression or exposure to formaldehyde, volatile

solvents, or other industrial chemicals. At last available

follow up, five were alive with no evidence of disease

(ANED), two were alive with metastatic melanoma (AWD),

18 died of melanoma associated causes (DOD), and 6 were

dead from unknown cause (DOC). The median overall sur-

vival was 26 months, and the observed 5-year overall sur-

vival rate was 22 %. Of the 19 patients with documented

recurrence ormetastases, 6 developed local recurrences from

1 to 18 months after diagnosis (median 7 months), while 14

developed metastatic disease to the lung (5), liver (3), brain

(2), spine (2), subcutaneous tissue (2), lymph nodes (2),

adrenal gland (1), and breast (1) from 3 to 37 months after

diagnosis (median 6 months). One patient had both a local

recurrence and eventual metastasis to the brain and another

had metastases to the lung; both of these patients were alive

at last follow up.

Histopathologic and Immunohistochemical

Characteristics

Thirty-nine specimens of sinonasal melanoma were

examined from 32 patients. Pathologic features and cor-

relations with survival data are shown in Table 2. While

excisional specimens (and some biopsies) were reviewed

for 28 patients, only representative biopsy material was

available for four patients. Determination of tumor thick-

ness was not possible in the vast majority of cases due to

specimen fragmentation. Of the seven specimens with

adequate orientation, the thickness from the surface of the

epithelium to the deepest melanoma cell ranged from 0.3 to

15.0 mm (median 2.0 mm). By American Joint Committee

on Cancer staging [22], there were twelve T3 tumors, eight

T4a tumors, five T4b tumors, and seven with unknown

staging where sampling did not permit evaluation of tumor

invasion. T3 tumors appeared to have a slightly better

prognosis than T4a and T4b tumors (Fig. 1a), but this

difference was not statistically significant by log rank

analysis. Regarding N and M stage at the time of diagnosis,

three patients had positive lymph nodes, all of whom died

of disease (at 10, 16, and 42 months) consistent with an

aggressive course for node positive patients, and none had

distant metastases.

Table 1 Clinical data of patients with primary sinonasal mucosal

melanoma

Characteristic Number of patients (%)

Total patients 32

Age, y, median (range) 71 (30–90)

Male 19 (59)

Follow up, mo, mean (range) 42 (5–211)

Documented local recurrence 6 (19)a

Timeb, median (range) 7 (1–18)

Documented metastasis 14 (45)a

Timeb, median (range) 6 (3–37)

At end of follow up:

Dead of disease 18 (58)a

Dead from uncertain cause 6 (19)a

Alive with disease 2 (6)a

Alive with NED 5 (16)a

a Percentage out of 31 patients with follow up
b Time in months after diagnosis when event occurred

Table 2 Pathologic data of patients with primary sinonasal mucosal

melanoma

Characteristic Number of

patients

(%)

Correlation with

overall survival

p

Ulceration 15 (47) 0.42

Necrosis 19 (59) 0.04

Morphology of invasive component 0.72

Epithelioid 25 (78)

Mixed spindled and epithelioid 4 (13)

Small round cell 3 (9)

Intraepithelial melanocytic

proliferation

5 (83a) 0.97

Melanoma in situ 20 (67)

Melanocytic hyperplasia 5 (17)

Mitotic figures[3 per 10

HPF ([2 per mm2)

21 (70b) 0.23c

Perineural invasion 1 (3) NC

Lymphovascular invasion 0 (0) NC

T stage at diagnosis 0.33d

T3 12 (38)

T4a 8 (25)

T4b 5 (16)

Unknown 7 (22)

Node positive at diagnosis (N1) 3 (9) 0.47

Distant metastasis at diagnosis (M1) 0 (0) NC

Bold value indicate statistical significance

NC Not calculated
a Percentage out of 30 cases with available epithelium
b Percentage out of 30 cases with at least 10 high power fields of

invasive tumor
c p = 0.04 for correlation with risk of disease progression (metastasis

or local recurrence)
d Log-rank p value for survival difference between T3 and both T4a

and T4b tumors
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Histologic examination revealed intratumoral heteroge-

neity, including epithelioid, spindled, and small cell cyto-

morphology (Fig. 2). The sinonasal melanomas were

predominately epithelioid (25 cases; Fig. 2a). Two of these

epithelioid tumors also displayed a focally prominent plas-

macytoid appearance. Four tumors had a mixed epithelioid

and spindled appearance with only one of these tumors

showing predominately spindled morphology (Fig. 2b).

Three cases showed small round cell morphology (Fig. 2c).

Invasive melanoma in all cases was at least focally strongly

positive for MITF (Fig. 2d). Ulceration was present in 15

cases (47 %) and necrosis in 19 cases (59 %). The median

number of mitotic figures was four mitoses per mm2 (range

0–27). While tumor cell morphology showed no significant

associationwith outcome, the presence of tumor cell necrosis

correlated with shorter survival (p = 0.04) as demonstrated

in Fig. 1b. Patients with tumors bearing more than two

mitoses per mm2 demonstrated a greater risk of developing

progressive local disease and metastasis than patients with

zero to two mitoses per mm2 (p = 0.04); however, mitotic

count was not significantly correlated with overall survival.

Ulceration was not associated with survival, although most

patients (4/5) without metastases did not have ulcerated

tumors. Perineural invasion was identified in one case and

was associatedwith a very aggressive coursewith death from

disease within 5 months of diagnosis. Definitive lympho-

vascular invasion was not identified in any of the cases.

Intraepithelial melanocytic proliferations were seen in

25/30 (83 %) of cases and showed a range of morphologic

appearances; epithelium was not present in specimens from

two patients (Fig. 3). Normal sinonasal mucosa from five

patients with chronic rhinosinusitis showed only rare intra-

epithelial MITF-positive cells, along with weak cytoplasmic

staining in rare stromal histiocytes (data not shown). Mel-

anocytic hyperplasia, defined as intraepithelial melanocytic

proliferation without confluent growth or marked cytologic

atypia, was observed in 5 cases (16 %) (Fig. 3a, b). Mucosal

melanoma in situ (MMIS), defined as confluent intraepi-

thelial melanocytic proliferation of cytologically atypical

melanocytes, was identified in 20 (67 %) cases (Fig. 3c, d).

MMIS was associated with areas of melanocytic hyperplasia

in themajority of cases.MMISwithin respiratory epithelium

or sinonasal glands was often subtle and difficult to identify

on H&E stained tissue sections. In all cases of MMIS, MITF

staining confirmed the presence of an intraepithelial prolif-

eration of cytologically atypical and confluent melanocytes.

The presence of MMIS did not correlate significantly with

overall survival (p = 0.91).

Margin status of the excisional specimen was evaluable

in 12 patients: margins were negative for in situ or invasive

melanoma in seven patients, positive for the presence of

intraepithelial atypical melanocytes in two, positive for

in situ melanoma in one, and positive for invasive mela-

noma in two patients. Margins were undeterminable in 16

patients due to specimen fragmentation. While margin

status was not significantly associated with survival

(p = 0.23), the two patients with invasive melanoma at the

margin died at 5 and 16 months.

Molecular testing was performed for clinical purposes

on tumors from five patients. Four cases were negative for

both BRAF and KIT mutations. A KIT exon 11 L576P

mutation was detected in one case.

Discussion

In this study of 32 patients with sinonasal mucosal mela-

noma, most patients (83 %) were found to have intraepi-

thelial melanocytic proliferations, including MMIS and

melanocytic hyperplasia, associated with their invasive

melanomas. This incidence of intraepithelial melanocytic

proliferations is greater than previously reported. In a large

previously published series of sinonasal melanoma, surface

derivation or junctional melanocytic activity was reported

in only 20 % of cases [5]. Pagetoid spread, defined as the

Fig. 1 a Overall survival of sinonasal melanoma by T-stage (log-

rank p = 0.33). b Overall survival of sinonasal melanoma with

respect to necrosis (log-rank p = 0.043)

Head and Neck Pathol (2015) 9:236–243 239

123



intraepithelial spread of tumor cells beyond the basilar

epithelial component, was found in 16 % of cases [5]. In

another study, an in situ component was found in 7/7

(100 %) of oral melanomas, but only 1/22 (5 %) of sino-

nasal melanomas [10]. Franquemont and Mills found

atypical intraepithelial melanocytes in 5/9 (56 %) of sin-

onasal melanomas with intact epithelium [14]. Another

series of five cases noted lentiginous melanocytes within

mucosal epithelium in three cases of sinonasal melanoma

(60 %), two of which were only observed after immuno-

histochemistry [18].

The finding in this study of MMIS in 67 % and mel-

anocytic hyperplasia in 16 % of sinonasal melanomas

suggests that intraepithelial melanocytic proliferations

associated with these tumors are more common than pre-

viously thought. While the reported lower frequency of

intraepithelial melanocytic proliferations has led to spec-

ulations that melanoma can arise from subepithelial or

gland-based melanocytes, this study supports the hypoth-

esis that precursor melanocytic lesions more likely develop

in the mucosal epithelium of these tumors. As noted in this

study, specimens of sinonasal melanoma often contain only

scant or fragmented epithelium. Additionally, when the

epithelium is present the identification of intraepithelial

melanocytes may be difficult on H&E stained tissue sec-

tions alone. While older studies were performed prior to

the availability of sensitive immunohistochemical markers

such as MITF and Melan-A, more recent studies have

focused on using these markers for invasive tumor diag-

nosis rather than evaluation of the intraepithelial compo-

nent [1, 5, 14–18].

In this study, no significant melanocytic proliferation was

seen in the mucosal epithelium or submucosal glands in

control sinonasal specimens. The identification of intraepi-

thelial melanocytic proliferations in association with over

80 % of sinonasal melanomas suggests the possibility that

these intraepithelial proliferations represent precursor

lesions. Importantly, melanocytic hyperplasias (occasion-

ally termed ‘‘melanosis’’) in the absence of melanoma may

be identified rarely in head and neck mucosal sites, pre-

senting a clinicalmanagement challenge, given the uncertain

clinical behavior of these lesions and typically extensive and

diffuse involvement of mucosal surfaces [23–25]. Indeed,

this type of melanocytic proliferation has been previously

Fig. 2 Cytomorphology and MITF positivity of the invasive com-

ponent of sinonasal melanoma. a Epithelioid morphology was seen in

the majority of cases. Necrosis was seen in 59 % (H&E, 9400).

b Spindle cell morphology (H&E, 9400). c Small round cell

morphology (H&E, 9400). d Strong nuclear MITF positivity in

invasive melanoma with small round cell morphology (9400)
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proposed as a precursor of melanoma [23, 24] and has been

reported in a patient with two subsequent foci of nasal mel-

anoma [26]. In a detailed investigation of a single case,

Hofbauer et al. [25] demonstrated that the atypical intraep-

ithelial melanocytes in ‘‘melanosis’’ associated with a nasal

melanoma demonstrated loss of heterozygosity of a marker

flanking the p16 gene; the component of invasive melanoma

showed loss of both alleles, indicating a possible precursor

role of the intraepithelial melanocytic proliferation.

While MITF staining of invasive mucosal melanoma has

been extensively described, the use of this marker in the

evaluation of the intraepithelial component is not well

established. In this study, staining for MITF offered high

sensitivity for the detection of intraepithelial melanocytic

proliferations, which may be challenging to identify in this

setting. Similarly, MITF is a useful adjunct to H&E in the

evaluation of intraepidermal melanocytic proliferations in

chronically sun-damaged skin [27]. MITF is a particularly

useful marker in evaluating intraepithelial melanocytes

because it is a sensitive and specific nuclear marker [28].

Although MITF may also stain histiocytes, this is not a

common confounder in mucosal epithelium. Melan-A,

MART-1 and HMB-45 stain cytoplasmic proteins that are

associated with pigmentation and have been found in some

cases to stain epithelium [29, 30]. S-100 protein is the most

sensitive stain for melanocytes; however, S-100 protein

lacks specificity in that it also will stain intraepithelial

dendritic cells and myoepithelial cells within the submu-

cosal glands. In this study MITF revealed the frequent

presence of MMIS and sinonasal gland extension which

was often extremely subtle on H&E.

MITF immunohistochemistry could be considered in the

assessment of surgical margins. However, this study did

not find a significant correlation of margin status with

prognosis, although data were limited due to tissue frag-

mentation at excision. In addition, the clinical significance

of intraepithelial melanocytic proliferations at the margins

of sinonasal melanoma excisions has not been determined

in previous studies. Thus, additional studies would first be

required to further investigate if examination of margins

for intraepithelial disease, similar to cutaneous melanoma,

results in improved outcome.

Previous publications describe sinonasal melanoma as a

rare disease with a poor prognosis; the median survival

(26 months) and 5-year survival rate (22 %) observed in

this study support those prior findings [1–3, 5]. The rate of

distant metastasis (45 %) was at the lower end of the

approximately 40–70 % range found in previous studies of

sinonasal melanoma [1, 7, 8, 11]. The association of

necrosis with poorer survival in this study is, to the authors’

Fig. 3 Intraepithelial melanocytic proliferations associated with sinonasal melanoma. a, b Melanocytic hyperplasia overlying invasive

melanoma (a H&E, 9400; b MITF 9400). c, d Malignant melanoma in situ (c H&E, 9400; d MITF 9400)
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knowledge, a novel finding in sinonasal melanoma, and

analogous to a previous study that correlated poorer sur-

vival with necrosis in the context of non-sinonasal head

and neck melanomas of squamous mucosa [12]. Previous

studies of sinonasal melanoma have found no correlation

with necrosis [5, 9, 11], although comparisons are difficult

since in most studies mucosal melanomas arising at various

head and neck sites were grouped together, except for one

large study on sinonasal melanoma [5]. Mitogenicity,

specifically the presence of more than 2 mitoses per mm2

was associated with an increased risk of disease progres-

sion, supporting an earlier study that correlated mitotic rate

with survival [5].

The limitations of this study include the retrospective

nature of the analysis and the small number of cases.

Nevertheless, this represents a relatively large clinico-

pathologic review of this rare entity. The identification of

necrosis and mitogenicity as potential prognostic factors in

sinonasal melanoma warrants further investigation.

This study reported the mutational analysis per-

formed as part of clinical care in these patients. The

absence of BRAF mutations and the presence of a rare

KIT mutation support prior reports showing a relatively

low BRAF and KIT mutation frequency in sinonasal

melanomas.

The advent of targeted therapy has coincided with sev-

eral studies of oncogenic mutations in head and neck

mucosal melanoma. KIT mutations have been reported in

\2 % of cutaneous melanoma but are found in 13–27 % of

head and neck mucosal melanoma [31]. A recent study

detected a KIT mutation in 1 of 12 sinonasal melanomas

[32]. An additional study of 32 cases of sinonasal mucosal

melanoma found KIT mutations in 13 %, NRAS mutations

in 22 %, and a BRAF mutation in 1 case [33]. These

authors also demonstrated activation of the PI3/Akt and

MAPK pathways through protein expression studies [33].

These molecular findings may have important implications

for both the pathogenesis of sinonasal melanoma as well as

targeted therapies [34].

In summary, this study demonstrates a high rate of

associated intraepithelial melanocytic proliferations in

sinonasal melanoma. This is a malignancy with poor sur-

vival with local aggressiveness and high metastatic

potential. This study also found that necrosis and mitoge-

nicity correlated with survival and tumor progression in

sinonasal melanoma. Based on these results, careful

examination of sinonasal melanoma including the use of

immunohistochemistry may be useful to pathologists in the

diagnosis of primary mucosal melanoma and in the

assessment of margins. Additional work to identify mean-

ingful tumor prognostic factors in these rare but often fatal

tumors may include evaluation of tumor necrosis and

mitogenicity.
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