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Introduction: Head and neck mucosal melanoma (HNMM) is a rare tumor with a poor outcome. The
objective of this study was to assess outcome and prognostic factors for a cohort of patients treated in a
head and neck cancer center. In addition, a case series on sentinel lymph node biopsy (SLNB) was
included to evaluate it as a method for staging the node-negative neck.
Methods: A retrospective study design was chosen, and 50 patients who were treated from 1973 to 2015
in our institution for primary HNMM were included. The KaplaneMeier method was used to estimate
survival rates. Uni- and multivariate analyses were used to study the influence of possible risk factors on
the patients' outcome. These risk factors included patient demographics, tumor characteristics, and
treatment modalities.
Results: All patients were treated surgically and 50% received adjuvant treatment. The median disease
specific survival (DSS) was 38 months, with a 5-year survival rate of 44%. Positive surgical margin
(p ¼ 0.004) and distant failure (p ¼ 0.005) were associated with a worse DSS. The median disease-free
survival (DFS) was 27 months, with a 5-year disease-free rate of 12%. Only tumor depth >5 mm
(p ¼ 0.002) was associated with a worse DFS. Five clinically node-negative patients received SLNB and
only the two SLN-positive individuals suffered from distant failure. Radiotherapy, chemotherapy, and
AJCC/UICC stage had no influence on any outcome measure.
Conclusions: Positive surgical margin and distant failure are the only independent prognostic factors for
DSS. Tumor depth can predict distant failure. SLNB may be a valuable staging tool for the node-negative
neck.

© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Mucosal melanoma is a rare malignancy that derives from me-
lanocytes within the mucosal membrane. These melanocytes origi-
nate from the neural crest and are thought to play an
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immunomodulatory role at the entries to our body. Thus, a high
concentration of mucosal melanocytes is found in the aerodigestive
tract, genital organs, and the anus (Mackintosh, 2001). Mucosal
melanoma (MM) accounts up to 1.3% of all melanomas and 55.4% of
mucosal melanomas are found in the head and neck area. In the head
and neck (HNMM), the most common primary sites are sinonasal
(60e70%), followed by the oral cavity (20e30%) (Shuman et al., 2011;
Jethanamest et al., 2011). Compared with its cutaneous counterpart
(84.7% 10-year DSS), the prognosis for HNMM continues to be poor,
with a 10-year disease specific survival rate of around 20%
(Jethanamest et al., 2011; Lazarev et al., 2014; Tseng and Martinez,
2011). This is in part due to late symptoms such as epistaxis and
nasal obstruction for sinonasal MM and a bleeding mass or poorly
fitting dentures for oral MM. Another reason for survival not
Elsevier Ltd. All rights reserved.
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improving over recent decades is the lack of evidence regarding risk
factors, prognostic factors, and the best management. Promoted
prognostic factors are certain head and neck subsites like the naso-
pharynx and sinus, high age, presence of distant metastasis, positive
nodal status, tumor size, depth of invasion, and positivemargins after
surgical resection (Shuman et al., 2011; Jethanamest et al., 2011;
Lawaetz et al., 2016; Patel et al., 2002). Distinguishable histological
features like lymph or blood vessel invasion may also be of prog-
nostic relevance (Wermker et al., 2015).

To strengthen the power of the existing data we analysed the
patient data in our institution covering the last 42 years. Our aim
was to find and evaluate predictors of survival and to analyse the
administered therapies in order to contribute to the establishment
of an optimized treatment strategy. In addition, we took a more
detailed look at the patients who received sentinel node biopsy to
evaluate the prognostic value of this diagnostic intervention.

2. Materials and methods

2.1. Study design

To analyse the outcomes and possible predictors of survival a
retrospective study designwas chosen. A comprehensive computer
search was conducted to retrieve and analyse all suitable patients
whowere diagnosed and treated for primary mucosal melanoma of
the head and neck from1973 to 2015, at the Fachklinik Hornheide, a
referral skin cancer center in Germany. The scientific use of the
anonymised patient data was approved by the local ethics com-
mittee (Ethical Committee of the Westfalian Wilhelms-University
Muenster, Approval No. 2006-088-f-S). Included patients had
biopsy-proven primary mucosal melanoma of the head and neck,
available survival data, and no metastatic cutaneous melanoma in
their history. Of the 66 patients with HNMM, seven were excluded
because of a follow-up time of less than 12 months, and nine
because their histopathological sections were missing. The 50
remaining histopathological sections were reviewed by a patholo-
gist. The sections were restrained with immunohistochemical
markers to confirm the diagnosis (S-100, HMB45, Melan A) and to
assess lymph vessel (S-100/Podoplanin) and blood vessel invasion
(S100/CD31). R-status was confirmed by histopathological exami-
nation of the entire resection margin. Furthermore, all patients
were staged or restaged according to the 7th edition of the AJCC/
UICC Staging Manual (Sobin et al., 2011). In recognition of the
aggressive behaviour of mucosal melanomas, the classification
starts with the T3-tumor as the most limited form that does not
exceed the mucosa. A T4a-tumor involves deep soft tissue, carti-
lage, bone, or overlying skin and a T4b-tumor invades another
compartment, such as the brain, masticator space, or carotid artery.
The subsite sinonasal (SNMM) was considered as mucosal mela-
noma arising from the mucosa of the nasal antrum; the sinus and
nasopharynx and oral (OMM) as from the mucosa of the oral cavity.

Diagnostic workup for all of our patients consisted of a thor-
ough examination by a maxillofacial surgeon and a complete
endoscopic examination by an ENT specialist. For the patients
treated after 1985 (46/50), imaging for assessment of local extent
and regional and distant metastasis included CT scans of the head
and neck, chest, and abdomen. For the evaluation of soft-tissue
involvement, MRI was carried out in some cases over the last
decade. The four patients treated between 1973 and 1981 received
plain radiographs of the head and neck, chest, and abdomen, and
ultrasound of the neck and abdomen. Sentinel node biopsy for
HNMM had been performed since 2012 at Fachklinik Hornheide,
and was conducted in the following manner. 2 h after injection of
a 99m-technetium-labelled colloidal tracer into the surroundings
of the primary tumor, a SPECT-CT was performed to show the
drainage pattern and the presence of sentinel nodes. The radio-
active lymph nodes were harvested intraoperatively with the use
of a hand-held gamma-probe.

2.2. Variables

In addition to demographic features, the following clinical and
histological variables were obtained and analysed: anatomic sub-
site, tumor depth in millimeters, lymph vessel invasion, blood
vessel invasion, tumor stage according to the AJCC/UICC Staging
Manual (7th edn), radicality of surgical excision, lymph node
management, adjuvant therapy, date of local, regional, or distant
failure, and cause of death. Besides overall and disease-specific
survival, we calculated disease-free and distant-failure-free sur-
vival. The outcomes were calculated from the date of treatment
initiation to the date of event. For disease-free survival (DFS) the
event was any recurrence and death from any cause. For distant-
failure-free survival (DFFS) it was metastatic tumor progression.

2.3. Statistics

The data were analysed with SPSS version 22.0 (SPSS, Inc. Chi-
cago IL). The KaplaneMeier method was used to estimate survival
rates, and the log-rank test for univariate comparisons of survival.
All significant factors with at least 10 events per covariate were
assessed by multivariate analysis using the Cox proportional haz-
ards model. This procedure is recommended by Bradbrun et al. to
avoid biased regression coefficients (Bradburn et al., 2003).

3. Results

3.1. General

50 patients (25 women and 25 men) with head and neck
mucosal melanoma were included in our study. The patients’ age
ranged from 24 to 93 years, with a median age of 65 years. As
shown in Table 1, OMM was the most common subgroup with 29
patients (58%) followed by SNMM with 21 patients (42%). Within
the OMM group, the majority of patients presented with a primary
tumor arising from the palate and from the upper jaw, followed by
buccal mucosa, lower jaw, and the mucosal part of the lip. In the
SNMM group most had melanoma in the nasal cavity, followed by
the maxillary and other paranasal sinuses, and the nasopharynx.
Most patients presented with local disease only (45/50, 90%), fol-
lowed by three with regional and two with distant disease. At first
diagnosis, no patient presented with both regional and distant
disease. SNMM patients were more likely (76%, p ¼ 0.1) to be in an
advanced local stage (T4a) than OMM (55%), and tumor depth
exceeded 5 mm more frequently in SNMM than in OMM (57% vs
31%, p ¼ 0.06). On the other hand, some patients with OMM (10%,
p ¼ 0.128) presented with regional disease, whereas no patient
with SNMM did. Blood and lymph vessel invasion was present in
34% and 20% of the patients, respectively, and more frequent in
SNMM than in OMM (48% vs 24%, p ¼ 0.08; 33% vs 10%, p ¼ 0.04).

3.2. Treatment

All patients underwent surgical resection and it was possible
to obtain clear margins in 100% of stage III and 71% of stage IVA
cases. OMM could be resected with clear margins in 83% of the
cases, but SNMM in only 68% (p ¼ 0.189). There is no strict policy
for the administration of adjuvant treatment for HNMM in our
institution, and the choice is based on the individual agreement
between patient and surgeon. Patients from T4 and upwards were
generally advised to receive adjuvant radiation of the primary site,



Table 1
Patient characteristics (n ¼ 50).

Variable n (%)

Age (years)
median, range 65, 24e93
<70 30 (60%)
�70 20 (40%)

Sex ratio (F:M) 1:1
Site
Oral cavity 29 (58%)
Palate 16 (55%)
Upper jaw 6 (21%)
Buccal mucosa 4 (14%)
Lower jaw 2 (7%)
Lip 1 (3%)

Sinunasal 21 (42%)
Nasal cavity 15 (72%)
Sinus 4 (19%)
Nasopharynx 2 (10%)

Stage
III 16 (32%)
IVA 31 (62%)
IVB 1 (2%)
IVC 2 (4%)

T
T3 17 (34%)
T4a 32 (64%)
T4b 1 (2%)

cN
N0 47 (94%)
N1 3 (6%)

M
M0 48 (96%)
M1 2 (4%)

F¼Female; M ¼ Male; TNM according to the Seventh Edition
of the Union for International Cancer Control (2009).
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and all patients with positive lymph nodes were advised to
receive adjuvant neck radiation. In total, 50% (25/50) of the pa-
tients received adjuvant treatment, consisting of radiotherapy,
dacarbazine-based chemotherapy, and/or interferon. 64% (16/25)
of the adjuvant-treated patients were treated with a single mo-
dality while 36% (9/25) received a combination of the above-
mentioned therapies. In stage III most patients were treated by
surgery alone (12/16, 75%), three (17%) received adjuvant
chemotherapy, and two (11%) received adjuvant radiotherapy. In
stage IVA, most patients received adjuvant treatment (17/31, 55%),
six (21%) received chemotherapy, and 11 (38%) received radio-
therapy. Interferon was administered in 19% (3/16) of the stage III
cases and in 26% (8/31) of the stage IVA cases. The patient in stage
IVB received adjuvant radiotherapy, and of the two patients in
stage IVC one was treated just with just palliative surgery and one
with adjuvant chemotherapy. All three patients with positive
regional lymph nodes at first presentation were treated with a
modified radical neck dissection. Seven patients without evidence
of disease in the neck received selective neck dissection as a
prophylactic procedure. Those patients were in stage III or IVA and
did not differ from the rest of the study population regarding site
and depth of invasion.

3.3. Sentinel node biopsy

Since 2012, five (45%) of 11 node-negative patients underwent
sentinel node biopsy, four with SNMM and one with OMM. As
Table 2 shows, SPECT-CT showed ipsilateral uptake in Level II in 80%
(4/5) and in Level IB in 75% (3/5), with no difference between
anatomical subsites. Two of the patients turned out to have
micrometasases in the histopathological sections, and therefore
received subsequent modified radical neck dissection. In contrast to
the SLN-negative patients, the SLN-positive patients carried addi-
tional risk factors, such as being in a higher T-stage, positive for
blood- and lymph-vessel invasion, and having positive surgical
margins.

3.4. Outcomes

The median and mean disease-specific survival values for the
entire cohort were 38 and 88 months, and the median and mean
overall survival values were 38 and 72 months (Fig. 1). The cor-
responding 5-year DSS and OS rates were 44.2% and 42%
respectively. The median and mean disease-free survival values
were 27 and 12 months, with a corresponding 5-year disease-free
rate of 15.8%. Local recurrence occurred in 52% (26/50) of the
patients (Fig. 2), with a 3-year local control rate of 47.6%. There
were no statistical differences between AJCC/UICC stages
regarding local recurrence, but OMM tended to have a higher
local recurrence rate, when compared with SNMM (59% vs 43%,
p ¼ 0.27). 22% of all patients had isolated local and 14% had
locoregional failure, which reduced their median DSS from 89
months following only local failure to 64 months following
locoregional failure. Regional failure occurred in 36% (18/50) of all
patients (Fig. 2), with a 3-year regional control rate of 62.6%. The
effect of isolated regional failure on survival could not be exam-
ined because it occurred in only four patients. Of the eight pa-
tients who received elective neck dissection, three (37.5%) had
regional recurrence. Of the five patients who received sentinel
node biopsy, none had a regional recurrence (Table 2). Compared
with SNMM, OMM had a significantly higher rate of regional
failure (48% vs 19%, p ¼ 0.03) and a significantly worse regional-
recurrence-free survival (3 years; 45.2% vs 78.7%). Distant failure
occurred in 34% of the patients, with a 3- and 5-year distant-
failure-free survival of 69.1% and 58.5%, respectively. The me-
dian and mean distant-failure-free survival values were 71 and 36
months. Lymph vessel invasion and positive surgical margins
turned out to be significant and independent prognostic factors
for distant-failure-free survival (Table 4), increasing the chance
for distant spread by 10-fold and 3.7-fold, respectively. There was
no difference between OMM and SNMM in terms of distant fail-
ure rate. Disease-free survival was significantly influenced by
tumor depth (p ¼ 0.002, Table 5). A tumor depth of more than
5 mm increased the risk of disease recurrence by 2.7-fold. As
Table 3 shows, distant failure (p ¼ 0.005, Fig. 3) and the extent of
surgical resection (p ¼ 0.004, Fig. 4) were the only statistically
significant and independent predictors for disease-specific sur-
vival. Regarding radiotherapy, we were not able to find a bene-
ficial effect, either on local, regional, or distant failure, or on any
other survival measure. Disease recurrence and survival rates did
not change with time of first diagnosis when we compared out-
comes for the four decades since 1980 (p ¼ 0.425).

4. Discussion

The median age of the studied population was 65 years, with a
range of 24e93 years. This wide range and high median age is
consistent with the published literature (Jethanamest et al., 2011;
Meleti et al., 2008), and reminds us that mucosal melanoma is a
disease of the elderly but should not be ruled out in the young.
Although some studies have shown a sex predominance (Patel
et al., 2002; Meleti et al., 2008), large cohort studies have re-
ported a similar incidence in both sexes (Nandapalan et al., 1998;
DeMatos et al., 1998). Our study population was no exception in
this regard, so in agreement with most of the existing literature we
could not find a gender-related difference in survival (Chan et al.,
2012). In contrast to most studies, the proportion of OMM in our



Table 2
SLN patient characteristics (n ¼ 5).

No Age, sex Site Stage TD (mm) LVI BVI Therapy Surgical margin SLN level SLN result Follow-up (months) Outcome

1 48, F oral III 3.6 no no S, RT, I R0 Ib þ II neg. 9.8 dead, non-cancer related
2 86, M nasal cavity IVA 23 no no S R0 II neg. 26.8 alive, local recurrence
3 44, M maxillary sinus IVA 20 yes yes S, RT, I R1 II pos. 10.9 alive, distant failure
4 56, M maxillary sinus IVA 12 yes yes S, RT, I R1 Ib pos. 11.4 dead, cancer-related
5 49, M nasal cavity IVA 1.8 no no S, RT, I R0 Ib þ II neg. 40.9 alive, NED

F ¼ female; M ¼male; TD ¼ tumor depth; LVI ¼ lymph vessel invasion; BVI ¼ blood vessel invasion; SLN ¼ sentinel lymph node; S ¼ surgery; RT ¼ radiation; I ¼ interferone;
R0 ¼ clear margin; R1 ¼ no clear margin; NED ¼ no evidence of disease.

Fig. 1. Overall and disease specific survival.

Fig. 2. Pattern of recurrence in study population. Disease recurrence occurred in 39 of
50 patients (78%).
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study population exceeded that of SNMM (58% vs 42%), which may
be due to the fact that our institution has a historic focus on oral,
maxillary, and facial surgery. However, comprehensive studies
based on national cancer registries have shown that OMM is seen in
about 20% and SNMM in 80% of patients with HNMM (Jethanamest
et al., 2011; Lawaetz et al., 2016).

Although SNMM and OMM have been mostly found in
anatomical regions related to maxillary bone (palate, nasal cavity,
maxillary sinus), connected by a common embryogenetic origin,
they show different morphological and clinical behaviours. Like us,
McLean et al. and Prasad et al. found that SNMMs were in a more
advanced local stage at initial diagnosis. They are generally thicker
and show necrosis and surface ulceration more frequently than
OMM (McLean et al., 2008; Prasad et al., 2003). According to Prasad
et al., this seems to be in part due to the loose and richly vascular
subepithelial connective tissue in the respiratory mucosa (Prasad
et al., 2003). Another reason for the lower local stage of OMM
may be that the oral cavity is examined more often, especially by
the patients themselves, hence making an early detection more
likely. For OMM, on the other hand, a higher proportion of nodal
disease at initial diagnosis is found in our study and in the literature
(Prasad et al., 2003).

Besides the morphological differences, SNMM and OMM show
different clinical behaviours. Our own data showed a higher local
and regional recurrence rate for OMM, but like most study groups
we found that both subsites shared a similar overall and disease-
specific survival (Jethanamest et al., 2011; Lawaetz et al., 2016;
Patel et al., 2002; McLean et al., 2008; Prasad et al., 2003). In
contrast, Meleti et al. found that OMM had a significantly better 5-
year disease specific survival than SNMM, a finding that could only
partly be explained by a higher percentage of deep tissue infiltra-
tion in the SNMM group (Meleti et al., 2008). Due to a very large
sample size, Jethanamest at el. were able to conduct a subsite
analysis and found that nasal cavity and oral cavity indeed share the
same prognosis, but that the nasopharynx, oropharynx, and para-
nasal sinus do each have a significantly shorter survival value. Late
onset of symptoms and a challenging examination are thought to
be the reason for the poorer survival.

Guidelines (National Comprehensive Cancer Network, 2019;
Leitlinienprogramm Onkolo, 2018) on the management of HNMM
agree on the importance of a primary surgical treatment for pa-
tients in stage III and IVA. Unfortunately, the close relationship with
critical anatomical structures in the head and neck canmake awide
surgical resection difficult to achieve. The concomitant morbidity
from excessive resection has to be in balance with the benefit for
survival. Our data support complete surgical resection as the
mainstay of an effective treatment. We were able to show signifi-
cantly superior disease-specific survival for patients with clear
margins, but as all our patients received surgical resectionwe could
not make a comparison with non-surgical management. Jet-
hanamest et al. were able to show in this manner that surgical
treatment is indeed superior to conventional radiation alone,



Table 3
Prognostic factors for disease-specific survival.

Factor Variable n Disease-specific survival

5-year survival (%) Univariate (log-rank) Multivariate (Cox) Relative risk (94% CI)

Age (years) <70 30 53.6 p ¼ 0.253
�70 20 30.6

Sex female 25 56.1 p ¼ 0.688
male 25 34.0

Site oral 29 42.2 p ¼ 0.815
sinonasal 21 47.5

Stage III 16 52.4 p ¼ 0.081
IVA 31 45.6

T T3 17 51.3 p ¼ 0.098
T4a 32 43.5

Tumor depth <5 mm 29 61.6 p ¼ 0.030 NS
�5 mm 21 19.2

Surgical margin R0 38 55.0 p < 0.001 p ¼ 0.004 3.84 (1.6e10)
R1 12 10.4

BVI yes 17 22.5 p ¼ 0.044 NS
no 33 55.6

LVI yes 10 23.3 p ¼ 0.018 NS
no 40 50.0

RT yes 13 38.5 p ¼ 0.383
no 37 46.3

CT yes 10 22.9 p ¼ 0.419
no 40 50.1

Local failure yes 26 57.6 p ¼ 0.031 NS
no 24 28.1

Regional failure yes 18 43.1 p ¼ 0.717
no 32 44.4

Distant failure yes 17 17.0 p ¼ 0.007 p ¼ 0.005 2.94 (1.4e5)
no 33 58.8

T ¼ T-stage; LVI ¼ lymph vessel invasion; BVI ¼ blood vessel invasion; RT ¼ radiation; CT ¼ chemotherapy.
A p-value of p�0.05 was considered significant.

Table 4
Prognostic factors for distant-failure-free-survival.

Factor Variable n Distant-failure-free-survival

5-year survival (%) Univariate (log-rank) Multivariate (Cox) Relative risk (94% CI)

Age (years) <70 30 58.8 p ¼ 0.881
�70 20 58.9

Sex female 25 78.7 p ¼ 0.143
male 25 42.3

Site oral 29 60.9 p ¼ 0.616
sinonasal 21 55.1

Stage III 16 74.3 p ¼ 0.212
IVA 31 51.2

T T3 17 73.1 p ¼ 0.214
T4a 32 52.9

Tumor depth <5 mm 29 69.9 p ¼ 0.070
�5 mm 21 41.1

Surgical margin R0 38 64.2 p ¼ 0.005 p ¼ 0.027 3.7 (1.2e11.1)
R1 12 36.0

BVI yes 17 41.7 p ¼ 0.058
no 33 66.9

LVI yes 10 0 p < 0.001 p < 0.001 0.1 (0.03e0.3)
no 40 72.0

RT yes 13 51.9 p ¼ 0.220
no 37 61.4

CT yes 10 48.0 p ¼ 0.342
no 40 62.2

Local failure yes 26 66.7 p ¼ 0.051
no 24 50.3

Regional failure yes 18 51.8 p ¼ 0.896
no 32 60.4

Distant failure yes 17
no 33

T ¼ T-stage; LVI ¼ lymph vessel invasion; BVI ¼ blood vessel invasion; RT ¼ radiation; CT ¼ chemotherapy.
A p-value of p�0.05 was considered significant.
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although the difference was only significant in univariant analysis.
Mucosal melanoma, due to its high damage repair capacity (Smith
et al., 1978; Bentzen et al., 1989), is thought to be resistant to
conventional radiation. A recent meta-analysis by Li et al.
concluded after reviewing 12 eligible studies that postoperative
radiotherapy is effective in reducing the reduce risk of local



Table 5
Prognostic factors for disease-free survival.

Factor Variable n Disease-free survival

5-year survival (%) Univariate (log-rank) Multivariate (Cox) Relative risk (94% CI)

Age (years) <70 30 16.2 p ¼ 0.212
�70 20 15.0

Sex female 25 17.0 p ¼ 0.561
male 25 15.0

Site oral 29 18.1 p ¼ 1
sinonasal 21 12.7

Stage III 16 21.6 p ¼ 0.132
IVA 31 13.4

T T3 17 18.9 p ¼ 0.109
T4a 32 15.5.

Tumor depth <5 mm 29 23.9 p < 0.001 p ¼ 0.002 2.7 (1.5e5.1)
�5 mm 21 4.8

Surgical margin R0 38 18.1 p ¼ 0.002 NS
R1 12 8.3

BVI yes 17 0 p ¼ 0.004 NS
no 33 24.5

LVI yes 10 0 p ¼ 0.02 NS
no 40 19.9

RT yes 13 0 p ¼ 0.113
no 37 19.6

CT yes 10 10.0 p ¼ 0.204
no 40 17.2

Local failure yes 26
no 24

Regional failure yes 18
no 32

Distant failure yes 17
no 33

T ¼ T-stage; LVI ¼ lymph vessel invasion; BVI ¼ blood vessel invasion; RT ¼ radiation; CT ¼ chemotherapy.
A p-value of p�0.05 was considered significant.
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recurrence, but does not reduce the risk of distant metastasis and
death (Li et al., 2015). The German national guidelines for the
management of mucosal melanoma also recommend radiotherapy
for local control, acknowledging the missing evidence of a benefit
for overall survival (Leitlinienprogramm Onkolo, 2018). We could
Fig. 3. Influence of distant failure on disease specific survival.
not find a reduced risk for any recurrence or outcome measure in
our cohort, but this was probably due to selection bias.

There was a significantly higher percentage of patients with
positive margins and blood vessel invasion in our RT group d both
harbingers for worse survival. Unfortunately, the groups were too
small for comparisonwhenwe controlled for these factors. There is
Fig. 4. Influence of surgical margins on disease specific survival.
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growing evidence that newer radiation techniques d such as par-
ticle therapy using protons (PB) or carbon ions (CIT) d as primary
treatment for unresectable tumors are able to generate similar
outcomes to surgery (Yanagi et al., 2009). Yanagi et al. treated pa-
tients with inoperable or recurrent HNMM with CIT and found a 5-
year DSS of 39.6% alongside a good 5-year local control of 84.1%.
Demizu et al. confirmed the good local control that PB and CIT could
accomplish and saw no difference between the two techniques
(Demizu et al., 2014). Further studies are necessary to determine
long-term efficacy, but studies on radiotherapy often underlie a
selection bias, because theymostly examine cohorts with late-stage
cases after surgery, with positive margins and/or local recurrence.
Although surgery and adjuvant radiation are able to control the
primary tumor, distant failure is the main problem, so early
implementation of chemotherapy, targeted therapy, or immuno-
therapy may be useful for high-risk patients. Unfortunately, in
HNMM low rates of mutation have been found for targeted thera-
pies, so for most patients KIT or BRAF inhibitors will most likely not
be beneficial (€Oztürk Sari et al., 2017; Lyu et al., 2016). Immuno-
therapy is a rapidly evolving and promising field of research, which
has led to a profound change in the management of various neo-
plasms, for example cutaneous melanoma. PD-L1 overexpression,
as seen in cutaneous melanoma, could only been shown for 13% of
the HNMM cases in one study (Thierauf et al., 2015). Anti-PD-L1/
PD-1 therapy could nonetheless be considered because studies on
cutaneous melanoma have shown a benefit, even for PD-L1-
negative patients (Weber et al., 2017).

The treatment of node-negative neck is a field of ongoing con-
troversy. Some authors advocate not treating the clinically negative
neck, because the benefit of a lower rate of neck recurrence would
be undermined by the accompanying distant disease (Shuman
et al., 2011; Nandapalan et al., 1998). This is supported by our
finding that neck recurrence had no effect on DSS of HNMM.
Regarding OMM, there is evidence that elective neck treatment
(END) is beneficial for a subset of patients. Unlike macular-type
lesions, nodular-type lesions showed a significant increase in
overall survival for OMM when treated with END opposed to
observation (Wu et al., 2014).

Our policy regarding neck treatment has changed over the years.
It went from mainly treating only the node-positive neck in the
1980s to favouring END for around 30% of the patients treated in the
1990s. As no survival benefit for END was found (Borst and
Schwipper, 2011), sentinel lymph node biopsy (SLNB) was intro-
duced to our institution in 2012 to replace END. From then on five of
11 patients with node-negative HNMM (45%) were treated with this
procedure. To our knowledge, this is the largest case series of SLNB in
HNMM. Our findings suggest that SLNB is an accurate staging tool,
because all of our SLN-negative patients remained free of distant and
regional disease. The two SLN-positive patients developed distant
metastases within the first year. Starek et al. and Clark et al. also
found that of the two patients each of them examined, only the
patient with positive SLN developed distant disease.

Age, surgical margins, tumor thickness, vascular/lymphatic in-
vasion, clinical stage, and distant failure have all been found to be
prognostic markers for survival (Patel et al., 2002; Nandapalan
et al., 1998). Our analysis showed that surgical margins and
distant failure were the only significant and independent prog-
nostic factors for disease-specific survival, and disease-free survival
was only predicted by tumor depth. Distant-failure-free survival
was strongly predicted by surgical margins and lymph vessel in-
vasion. The predictive value of LVI and BVI for HNMM has been
described byWermker et al. for this cohort. In this particular study,
positive double immunostaining with S100/podoplanin for LVI and
S100/CD31for BVI identified patients with poor survival (Wermker
et al., 2015). These findings support the hypothesis that clinically
unapparent, radial lymphatic spread of mucosal melanoma cells is
the main factor influencing the appearance of distant metastasis
and a subsequently poor survival. This points to the promotion of a
wide surgical resection, but also supports the importance of
improving systemic treatments. Patients who show an accumula-
tion of certain risk factors (e.g. positive surgical margins, lymph
and/or blood vessel invasion, tumor depth greater than 5 mm)
should be treated within studies of systemic therapies.

There are important limitations to this study. Retrospective
research is always prone to selection bias, and the long-term
observation could have been influenced by changes to treatment
concepts within our institution. We tried to minimize these biases
and discussed only the effect of variables that were not influenced
by clinical decision.

5. Conclusion

HNMM is a rare malignancy with a poor prognosis due to
delayed diagnosis, a challenging surgical anatomy, and frequent
distant spread. Surgical margins and distant failure are prognostic
factors for DSS. Other factors like lymph- and blood vessel invasion,
together with tumor depth, may play a role in identifying high-risk
patients who could benefit from early systemic treatment. SLNB
may be a valuable tool for the management of the node-negative
neck because all node-negative patients remained free of distant
failure. However, further research is necessary.
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