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Abstract

Mucosal melanoma is an exceedingly rare variant of cutaneous melanoma that,
due to its rarity, is poorly described and infrequently studied. Primary sites of
origin include the head and neck, anorectum and vulvovaginal regions. It is
uniquely different from cutaneous melanoma with respect to epidemiology,
etiology, pathogenesis and prognosis. The etiology and pathogenesis remain
unclear. Unlike cutaneous melanoma, exposure to UV light is not an apparent
risk factor. Furthermore, distinct molecular features including a lower incidence
of BRAF oncogene mutations but a higher incidence of KIT oncogene mutations
suggest divergent genetic etiologies. Mucosal melanomas generally present at a
later stage, are more aggressive and carry a worse prognosis regardless of the
stage at diagnosis. Establishing standardized treatment guidelines has been
challenging due to the rarity of the disease. Early detection provides the best
chance at survival but is often difficult due to anatomic location. Surgery remains
the primary therapeutic intervention if complete resection is technically feasible
given the anatomic location. Radiotherapy may be used to achieve local control
when resection is not feasible, or adjuvantly to enhance locoregional control, but
most studies have failed to demonstrate an improvement in overall survival.
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There are no consensus guidelines on the optimal systemic therapy, and
regimens are often extrapolated from data based on therapies used to treat
advanced cutaneous melanoma. Clinical trials, particularly utilizing newer
targeted therapies and immunotherapies, are investigating novel treatment
approaches.
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1 Introduction

Mucosal melanoma is an exceedingly rare variant of cutaneous melanoma [7, 14,
24, 29, 41, 45-49, 54, 57, 63], representing approximately 0.03 % of all cancer
diagnoses [38] and 1.3 % of all melanomas [3, 7, 9, 10, 14, 29, 31, 38, 41, 46, 48,
54-57]. Tt was first described in 1856 by Weber et al., but not classified as its own
distinct disease process until 1869 by Lucke [28, 38, 57]. Unfortunately, because of
its rarity, it is a poorly described and infrequently studied disease process, and as a
result there is a paucity of consistent data regarding its epidemiology, etiology and
pathogenesis, as well as limited data to support general recommendations regarding
its proper diagnosis and treatment [14, 28, 29, 46, 57].

Mucosal melanomas can arise from any mucosal surface [9, 14, 29, 31, 41, 45,
48, 55, 57], most typically the mucosal epithelium of the respiratory, alimentary and
genitourinary tracts, where melanocytes are present [3, 10, 28, 31, 41, 45, 47, 54,
57]. Primary sites of origin include the head and neck (55 %), the anorectum (24 %)
and the vulvovaginal region (18 %) [3, 7, 9, 10, 14, 29, 38, 41, 45, 47, 50, 54, 56,
57]. Less frequently, mucosal melanoma has been found in the urinary tract (3 %)
[3, 7, 10, 29, 46, 56, 57], as well as the tracheobronchial tree, esophagus, stomach,
small and large intestine, gall bladder and cervix [9, 10, 28].
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2 Etiology

Mucosal melanoma is a distinct entity from cutaneous melanoma with respect to
epidemiology, etiology, pathogenesis and prognosis [24, 26, 28, 29, 41, 46, 48, 49,
54, 55, 57]. While the incidence of cutaneous melanoma is rapidly increasing in the
United States, the incidence of mucosal melanoma appears stable [9, 10, 21, 25, 29,
41, 46, 48, 56, 57]. In general, patients with mucosal melanoma present at a much
later age, about one to two decades later than cutaneous melanoma [14, 29, 46, 54],
with a majority of cases reported between the ages of 50-80 [10, 14, 28, 29, 31, 38,
41, 45, 54, 56, 63], and a median age at diagnosis of 70 [9, 21, 46, 48]. Females are
diagnosed more often than males [7, 9, 10, 14, 21, 28, 29, 31, 41, 46, 48, 56], in
many reports up to twice as often [9, 14, 29, 41, 48], due to cases of vulvovaginal
disease, with estimated prevalence in the United States at 2.8 cases per million
women versus 1.5 cases per million men [29, 41]. Notably, a slight male pre-
dominance in cases of the head and neck mucosal melanoma subtypes has been
suggested [14, 45, 46]. Overall mucosal melanoma does not seem to have a racial
predilection, although it makes up a higher percentage of overall melanoma cases
diagnosed in Black, Asian and Hispanic populations, likely reflecting the lower
incidence of cutaneous melanoma in these populations. It has also been described
that considered separately, mucosal melanoma of the oral cavity may be more
common in Black and Japanese populations [9, 10, 38].

The etiology and pathogenesis of mucosal melanoma remain unclear [14, 38, 41,
46]. To date there are no clearly established risk factors for its development [7, 9,
14, 48, 57]. Unlike cutaneous melanoma, the common anatomic locations for
mucosal melanoma preclude exposure to UV light as a risk factor [7, 9, 14, 21, 24,
26, 28, 29, 38, 41, 46, 48, 54, 56, 57]. There is no definitive evidence that common
carcinogens such as tobacco and formaldehyde, or exposure to carcinogenic viruses
such as the human papilloma viruses, human herpes viruses or polyomavirus have a
role in its pathogenesis [7, 29, 38, 41, 48, 54]. Nevertheless, some studies have
suggested various correlations between the mucosal melanoma subtypes and vari-
ous predisposing risk factors, though strong evidence for any of these correlations is
lacking [9]. Melanocytes have an established role in the sinonasal region in the
metabolization of polycyclic aromatic hydrocarbons, suggesting a link between
inhaled environmental and immune factors and the development of sinonasal
mucosal melanoma [9, 38, 46, 57]. Because of the higher incidence of oral cavity
mucosal melanoma in the Japanese population, some researchers have suggested a
correlation between this particular subtype and unidentified common hereditary or
environmental factors [38, 41, 46, 54, 57, 63]. In addition, up to one third of oral
cavity mucosal melanomas appear to be preceded by melanosis, which has been
suggested to represent the radial growth phase prior to the vertical growth phase [9,
38, 41, 43, 45, 46, 48, 54, 57, 63], a phenomenon reported in head and neck
mucosal melanoma as well [43, 57]. Although no direct correlation has been
established, 66 % of patients with laryngeal or pharyngeal mucosal melanoma have
a history of smoking [38]. Anorectal mucosal melanoma appears to be more
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prevalent in patients with HIV [9, 28, 54, 63]. Finally, vulvovaginal mucosal
melanoma has been suggested to be associated with chronic inflammatory condi-
tions, viral infections and chemical irritants. Genetic factors may also play in the
development of vulvovaginal disease, as 15 % of patients with vulvar mucosal
melanoma provide a family history of cutaneous melanoma, and one study reported
a patient with vulvar mucosal melanoma with a germline mutation in the mela-
nocortin type I receptor [9, 46, 54].

3 Molecular Biology

Mucosal melanomas have distinct molecular features that suggest divergent genetic
etiologies (see Fig. 1) [8, 29, 31, 41, 46, 49, 54]. Studies of comparative genomic
hybridization have shown distinct chromosomal aberrations such as gains of 1q, 6p
and 8q [29, 54], gain of function mutations such as K642E, L576P, D816H and
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V559A [38, 54] and amplifications of the 4q12 locus [54]. While the incidence of
activating mutations in the BRAF oncogene is quite common in cutaneous mela-
noma, it appears to be rare in mucosal melanoma, with an incidence estimated at
10 % [3, 7-9, 19, 29, 38, 41, 46, 48-50, 54, 56, 61]. More salient from a treatment
perspective is that mucosal melanomas appear to have a high incidence of acti-
vating mutations and/or amplifications in the KIT oncogene. Curtin et al. first
demonstrated the presence of KIT mutations in mucosal melanomas and estimated
the rate of these mutations to be 39 %, while similar mutations were found in cases
of non-chronic, sun damaged cutaneous melanoma cases [3, 12, 38, 41, 50, 54].
Beadling et al. found KIT mutations in 15.6 % of mucosal melanoma cases studied
[4, 41, 62]. Finally, Carvajal et al. reported that of 295 tumor samples screened for
the presence of KIT mutations or amplifications, abnormalities were found in 25 %
[9, 48], a rate of KIT mutations and/or amplifications that has been similar across
multiple reports [7-9, 19, 24, 26, 29, 31, 38, 39, 48-50, 54, 61, 62].

4 Prognosis

Mucosal melanomas are often aggressive and carry a worse prognosis, regardless of
the stage at the time of diagnosis [3, 9, 14, 22, 26, 28, 29, 31, 32, 38, 41, 45, 46, 48,
54-57, 62, 63]. In contrast to cutaneous melanomas, mucosal melanomas more
frequently are amelanotic and present in a multifocal fashion [2]. While different
staging systems are in place for mucosal melanomas of different primary sites, a
generalized staging system can be utilized as follows: Stage I, clinically localized
disease; Stage II, regional nodal involvement; and Stage III, distant metastatic
involvement [2]. The often concealed locations of mucosal melanoma present a
challenge for routine screening and result in frequent presentations of advanced
disease [3, 9, 14, 22, 26, 28, 29, 31, 32, 38, 41, 45, 46, 48, 54-57, 62, 63]. In
addition, unique to these anatomic locations are vast vascular and lymphatic net-
works in close proximity to the primary tumor, allowing for diffuse spread [9, 14,
28, 29, 46, 54, 57], with approximately one third of patients having nodal
involvement at diagnosis [10, 14, 29, 38, 45, 46]. Local treatment failure is com-
mon [48, 54, 55], with recurrences rates suggested to be as high as 50-90 % even
with complete surgical resection [9]. Local recurrences are considered a harbinger
for simultaneous or subsequent metastatic spread [43, 48, 54]. In all likelihood,
most patients have micrometastatic disease at the time of presentation, resulting in a
disease course characterized by local recurrences followed by metastatic disease,
even despite aggressive surgical resection and adjuvant therapy [3, 7, 14, 29, 31, 32,
38, 46, 48, 54, 55, 57]. Thus, even for patients with presumed early-stage disease,
the prognosis is poor, with 5 year survival rates of only 25 % [3, 9, 10, 22, 28, 29,
31, 32, 38, 43, 45, 46, 54, 55].
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5 Treatment

Establishing guidelines for the clinical course of mucosal melanoma has been
challenging due to the rarity of the disease. This renders conducting large, ran-
domized, controlled trials to investigate various treatment modalities in this par-
ticular melanoma subtype difficult [3, 7, 14, 29, 46, 54], thus standards of care have
not been formulated. As well, assumptions regarding the natural history and
appropriate management of mucosal melanoma are based on retrospective case
series, which are often limited by small numbers of cases and inconsistent treatment
regimens [29, 43, 48]. Like most malignancies, early detection still provides the
best chance at survival, but is difficult as previously discussed [14, 45, 46, 54].
Surgical considerations are often dictated by the anatomic location of the tumor,
with adjuvant radiotherapy a consideration for local control. Limited data exist
concerning adjuvant systemic therapy for the disease, and systemic treatments for
distant disease often follow established paradigms for cutaneous melanoma [7, 14,
28, 29, 31, 41, 57], unless targets unique to mucosal melanoma are discovered
within the primary or metastatic tumor.

5.1 Surgery

Surgery remains the primary therapeutic intervention for mucosal melanoma [9].
Regardless of subtype, when technically feasible, complete resection for local
control provides the best chance at prolonged disease-free survival and cure,
especially in light of the lack of effective systemic treatment options [9, 10, 14, 28,
46, 54, 57]. Unfortunately, complete resection is often challenging due to the
anatomy of the commonly involved regions and the tendency for these tumors to
have a lentiginous growth pattern [9, 14, 31, 48, 54, 55, 57]. Historically, the
surgical management of mucosal melanoma involved radical procedures such as
abdominoperineal resections (APR) for anorectal disease and pelvic exenteration
for vulvovaginal disease [7, 9, 32, 48]. These operations resulted in significant
morbidity and functional impairments [7, 9, 32]. While studies have shown
improved local control with aggressive surgical resection, retrospective reports
suggest they confer no overall survival benefit over more conservative techniques
[7, 9, 32, 48]. Furthermore, because most patients will develop local recurrences
and ultimately metastatic disease regardless of the intervention chosen, multiple
additional considerations such as patient preference and quality of life often become
more relevant considerations [9, 14, 32, 48, 57]. Thus, in general, conservative
procedures by way of wide local excisions have replaced aggressive procedures as
primary management [9, 48]. In addition, recent evidence has suggested that
less-invasive endoscopic resections may be a feasible alternative for achieving
aggressive local control with less morbidity for patients. This may become par-
ticularly relevant for patients with multiple local recurrences requiring repeat
resections and patients with multifocal disease [9].
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Lymph node status remains a controversial topic when discussed in relationship to
mucosal melanoma. Unlike cutaneous melanoma, where lymph node status is a vital
prognostic factor, the implications of lymph node status in cases of mucosal mela-
noma are less apparent. Toward that end, there is no widely accepted standard of care
for the management of lymph nodes in mucosal melanoma [9]. As with other types of
malignancies, evaluation of the sentinel lymph node has become routine in cases of
cutaneous melanoma [9]. While this is often feasible in cases of mucosal melanoma,
because of the uncertainty surrounding the prognostic importance of a positive
finding, the role of sentinel lymph node biopsies remains undefined. Moreover, in
light of the known course of this disease to involve frequent recurrences and distant
metastases despite aggressive therapy, the question of if and how a positive sentinel
lymph node should change subsequent therapy remains [9, 48]. Similarly, while
most are in agreement that therapeutic lymph node dissection is reasonable to address
clinically apparent, bulky or symptomatic disease, the performance of prophylactic
lymphadenectomy is falling out of favor [14]. Anatomic location of a mucosal
melanoma also influences surgical treatment options, as summarized below.

5.1.1 Mucosal Melanomas of the Head and Neck

Mucosal melanoma of the head and neck region constitutes 55 % of all mucosal
melanomas, but <10 % of all melanomas of the head and neck region [3, 7, 9, 10, 14,
28, 29, 38, 41, 45, 47, 50, 54, 56, 57]. A majority of these tumors are found in the
sinonasal regions (~ 55 %), while the rest are located in the oral cavity (25-40 %) [9,
28, 38, 41, 4648, 54, 56, 57]. Among sinonasal cases, approximately 80 % are
located in the nasal cavity itself, most commonly the turbinates and lateral nasal wall
[9, 28, 38, 41, 43, 46, 54], while 20 % occur in the paranasal sinuses, most com-
monly the maxillary and ethmoid sinuses, followed by the frontal and sphenoid
sinuses [9, 28, 38, 41, 46, 54]. Lesions in the oral cavity are most commonly found in
the large palate and upper alveolus [9, 28, 38, 41, 46, 47, 54, 57]. Lesions within the
larynx or pharynx are extremely rare, with only sixty cases reported in the literature.

Table 1 AJCC staging of melanoma of head and neck

Stage III T3NOMO

Stage IVA T4a*NOMO
T3* or T4a, N1, MO
*T3 Mucosal disease
*T4a Moderately advanced disease involving the deep soft tissue, bone,
cartilage, or overlying skin

Stage IVB T4b*, Any N, MO

Stage IVC ~ Any T, Any N, M1
*T4b Very advanced disease involving the brain, dura, skull base, lower cranial
nerves (IX, I, XI, XII), masticator space, carotid artery, prevertebral space or
mediastinal structures
N1 Regional nodal disease present
M1 Distant disease present [9, 16, 43, 47]

*signify AJCC definition of what T3 or T4a/b means.
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These tumors are most commonly located in the supraglottic region (62.2 %) fol-
lowed by the vocal cords (37.8 %) [28, 38, 41, 46].

The American Joint Committee on Cancer (AJCC) staging system for head and
neck mucosal melanoma is often utilized, beginning at stage III (see Table 1). The
primary therapeutic modality is complete surgical resection for mostly localized
stage III and IVA disease [3, 14, 41, 43, 46-48, 54, 57, 63]. The type of surgical
approach used is dependent upon the location and extension of the tumor, but the
goal is negative margins with minimal cosmetic or functional derangements [43,
47]. Surgery is not advised for very advanced stage IVB or metastatic stage IVC
disease aside from attempting to achieve local control for symptomatic purposes
[47, 48]. Unfortunately, achieving melanoma-free margins is often procedurally
challenging due to the anatomical complexity of the region and the close proximity
of critical anatomic structures [41, 43, 44, 48, 54, 57, 63]. The primary approach
should be accompanied by appropriate surgical reconstruction for the area [14, 48,
54, 57]. However, rates of recurrence and widespread disease remain high [43, 48,
57]; it is thus difficult to justify the use of radical surgical procedures in a majority
of patients, and morbidity should be a prime consideration [43]. In the setting of
local recurrence, repeat surgical resections may be considered, but only after per-
forming an extensive re-staging work-up [48]. For the multitude of reasons above,
endoscopic resections are being performed more frequently to avoid the morbidity
associated with open procedures [43, 48].

As discussed previously, although biopsy of the sentinel lymph node is tech-
nically feasible in head and neck mucosal melanoma, because of the uncertain
prognostic implications provided by the sentinel node and the ambiguity of how it
guides further management, its role in diagnosis is still under investigation [9, 27,
48, 54]. Unlike many other malignancies, the clinical significance of detecting a
positive sentinel lymph node remains uncertain, as there are no clear data to suggest
that outcomes are improved if management is altered to address discovered nodal
disease [48]. The role of prophylactic lymph node dissection is contested as well. It
is often recommended in cases of oral cavity mucosal melanoma because of the
high incidence of lymph node involvement, but in cases of sinonasal disease, where
the lymph nodes are less commonly involved, elective dissection is not routinely
recommended [47, 54]. There is also evidence to suggest that, even in cases of oral
cavity melanoma, prophylactic neck dissection does not change ultimate outcomes
[48, 57]. Therapeutic neck dissection is considered in patients with clinically evi-
dent nodal disease for the purposes of local control and to address symptomatic
concerns [47, 48, 57]. Much like elective lymph node dissection, there is no
compelling evidence to suggest therapeutic dissection results in an overall survival
benefit, even in patients without an eventual lymph node recurrence, suggesting that
this procedure should be reserved for patients with clinically apparent nodal disease
requiring local control, and not done empirically [48, 57].
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5.1.2 Mucosal Melanomas of the Anus and Rectum

Anorectal mucosal melanoma represents 24 % of all mucosal melanomas, but <1 %
of all malignant tumors of the anorectal region [3, 7, 9, 10, 14, 28, 29, 32, 38, 41,
45-47, 50, 54, 56, 57, 63]. The area known as the transitional zone of the anal canal
harbors a variety of epithelial cells, including squamous-type, and the presence of
melanocytes is known here, particularly beneath the dentate line [7, 28, 46, 54, 57].
The concentration of melanocytes increases distally from the dentate line toward the
anoderm. For this reason, it is presumed anorectal mucosal melanoma arises within
melanocytes distal to the dentate line, then has a tendency to extend proximally into
the rectum [7, 28, 46, 54, 57]. There are rare cases of melanocytes present in the
intestinal mucosal epithelium above the dentate line in normal patients, thus,
melanoma at times can arise in the proximal anus or distal rectum [7, 54]. It is
important to note, however, that only 1/3 of anorectal mucosal melanomas are
pigmented, and that the presence of amelanotic melanoma is an adverse prognostic
sign. Mucosal anorectal melanomas must be differentiated from anal melanomas of
cutaneous origin, as the latter are more likely to behave like typical cutaneous
melanomas. Approximately one third of anorectal mucosal melanoma cases are
thought to originate within the anal canal, while 42 % arise from the rectum and
25 % have an indeterminate origin [9, 48]. Perineural invasion, tumor size, and
thickness have also been found to be adverse prognostic factors.

Similarly to head and neck mucosal melanoma, the mainstay of treatment for
anorectal melanoma is surgical resection, though there is no standard of care or
agreed upon optimal approach as in colorectal carcinoma [7, 46, 50, 54, 57, 63].
Historically more aggressive surgical approaches were considered to be superior,
and abdominoperineal resection (APR) was the standard of care [7, 9, 32, 48]. Once
retrospective reviews of clinical outcomes data were available, and it was suggested
that the extent of the surgical intervention did not significantly improve overall
survival [7, 9, 14, 32, 46, 48, 54, 57], more conservative, sphincter-sparing, wide
local excisions became the procedure of choice [7, 14, 32, 41, 48, 54, 57]. There has
been some suggestion that performing an APR improves local control and recur-
rence rates over wide local excisions, but the benefit of that control appears limited.
Local recurrence rates have been estimated at 8 % with APR versus 20 % with wide
local excision, but as stated, this has not resulted in an improvement in overall
survival [7, 14, 32, 41, 46, 48, 54, 57]. Furthermore, on multivariate analysis, type
of resection was not shown to be significantly associated with prognosis [57].

The goal, of course, remains to achieve negative surgical margins if feasible, as
studies have suggested a survival benefit in patients where negative margins are
obtained. One study showed a 5-year survival rate of 19 % in patients with negative
surgical resection margins, versus 6 % in those with positive margins [7]. APR
remains an option for patients with bulky locally confined disease, and in some
patients with local recurrences after conservative excision, though it still confers
high morbidity and functional limitations [14, 32, 54]. As in the other subtypes of
mucosal melanoma, because most patients develop recurrences and distant disease
regardless of primary surgical intervention, and because of the aforementioned
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controversy over the impact of the extent of surgery on clinical outcomes, quality of
life considerations should be a top priority [7, 32, 48].

The diagnostic and therapeutic considerations surrounding lymph nodes in cases
of head and neck mucosal melanoma translate to cases of anorectal melanoma.
Nodal involvement is also of uncertain prognostic significance in this mucosal
melanoma subtype, as studies have suggested that regional lymph node metastases
have not affected disease recurrence or survival rates. Additionally, data suggest
prophylactic lymph node dissection is not associated with improved long-term
prognosis. Thus, there is no established role for sentinel lymph node biopsy or
indication for elective lymph node dissection [7, 9, 48, 57]. Therapeutic lym-
phadenectomy should be offered in cases of clinically apparent disease. It should be
noted, however, that because the lymphatic drainage of the anorectum differs by
tumor location, either superficial inguinal lymph nodes or hypogastric and obturator
lymph nodes (and subsequently the sigmoid and peri-aortic rectal groups) may be
involved [48, 57]. Thus, there may be significant morbidity associated with such
lymph node dissections.

5.1.3 Mucosal Melanomas of the Vulva and Vagina
Vulvovaginal mucosal melanoma represents 18 % of all mucosal melanomas, while
vulvar melanoma accounts for 10 % of all vulvar malignancies and vaginal <3 % of
all vaginal malignancies [3, 7, 9, 10, 14, 21, 22, 28, 29, 38, 41, 45-47, 50, 54, 56,
57, 63]. Melanoma of the cervix and uterus are quite rare [28, 41, 46]. Vulvar
melanomas vastly outnumber vaginal melanomas, with <5 % of vulvovaginal
mucosal melanomas arising from the vagina [9, 21, 22, 41, 46, 48, 54]. Some
reports suggest up to 20 % of cases are multi-focal, and the precise site is
unidentifiable [9, 41, 54]. This is also complicated by the fact that vulvar mela-
nomas may extend to the mucocutaneous vaginal border, obscuring the primary site
of origin [46]. Of vulvar melanomas, most cases arise from the labia minora,
clitoris, or inner labia majora [9, 22, 41, 46, 57, 59, 63]. The periurethral area and
vaginal introitus are less commonly involved [26, 41, 57, 63]. Of vaginal mela-
nomas, most are confined to the lower third of the vagina and the anterior wall [5, 9,
17, 28, 41, 46, 57, 63]. Bleeding, discharge, and palpation of a discernible mass are
common presenting signs [5, 17, 59]. Vulvar melanomas are actually staged
according to the 2002 TNM staging system for melanoma, whereas vaginal mel-
anomas are staged by the generalized staging system discussed earlier in this
chapter [5, 46, 59]. Five year survival rates for vulvar melanoma range from 24 to
77 %, and are poorer for vaginal melanoma, with rates of 5-25 % [5, 59].
Similar to anorectal melanoma, aggressive surgical approaches were the standard
of care in the past, and among the options were vulvectomy, vaginectomy,
urethrocystectomy, radical hysterectomy and pelvic exenteration [9, 14, 21, 22, 41,
46, 48, 54, 57]. As with anorectal melanoma, though studies have shown improved
local control with these more aggressive approaches, retrospective data suggests
they result in no significant improvement in overall survival as compared to more
conservative, wide local excisions, thus they have fallen out of favor [9, 14, 21, 22,
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41, 46, 48, 54, 57, 59]. In light of the high rates of local recurrence and metastatic
spread, the benefit of improved local control is called into question, making patient
preference and functional deformity important considerations [9, 14, 48, 57].
Unfortunately, obtaining negative margins without aggressive surgical procedures
may be technically difficult due to the multifocality of these tumors and the ana-
tomic constraints of the region [57]. In general, 1 cm margins should be obtained
for small melanomas <1 mm; 2 cm margins can be entertained for patients with
larger tumors, if possible. When wide local excision is not technically feasible,
more aggressive approaches may be judiciously considered, or excision may be
combined with adjuvant radiation in the setting of close or positive margins [41].
Cervical and uterine mucosal melanomas are generally still treated with radical
procedures such as radical hysterectomies and vaginectomies with lymphadenec-
tomies [28, 41].

Again, the issue of lymph node management in vulvovaginal mucosal melanoma
is unclear [48]. However, sentinel lymph node mapping is feasible in patients with
vulvar melanoma and recommended by some experts [35], although studies have
yielded conflicting results regarding the prognostic relevance and effects on overall
survival [21, 48]. While prophylactic lymph node dissection may reduce the chance
of recurrence in the lymph node bed, it does not appear to impact outcomes [21, 54,
57]. Lymphadenectomy may be considered on a therapeutic basis in the setting of
clinically apparent or symptomatic disease [48]. In contrast, sentinel lymph node
mapping for vaginal melanomas is likely to be difficult given the complexity of
lymph node drainage to the pelvic and/or inguinal basins, and cannot routinely be
recommended [35].

5.1.4 Mucosal Melanomas of Other Rare Sites

Mucosal melanoma has been reported in a number of exceedingly rare sites,
including the tracheobronchial tree, esophagus, stomach, small and large intestine,
biliary tract, and urinary tract. Primary melanoma of the lung, specifically the
tracheobronchial tree is extremely rare, with only approximately thirty cases
reported in the literature [28, 41]. The treatment of choice is lobectomy and
pneumonectomy in conjunction with lymph node resection. The role of adjuvant
therapies, including both radiotherapy and chemotherapy, is undefined [41].
Mucosal melanoma of the esophagus is also rare, representing 0.1-0.2 % of all
esophageal malignancies [28, 41, 46, 63] with just over 300 cases reported as of
2011 [63]. It is predominantly confined to the middle and lower parts of the
esophagus, with only 10 % of cases located in the upper third [28, 41, 57, 63].
Radical surgical resections with nodal dissections are often the chosen primary
treatment, though they have not been demonstrated to improve survival [28, 41, 46,
57]. Adjuvant therapy has been used in these cases in a palliative role [41]. Mucosal
melanoma of the stomach constitutes 2.7 % of mucosal melanomas of the GI tract,
with <20 cases reported in the literature [41]. Melanoma of the small intestine
comprises 2.3 %, and is most commonly located in the ileum [41]. Melanoma of the
biliary tract represents 1.4 % of mucosal melanomas of the GI tract, with only nine
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cases of bile duct and thirty cases of gallbladder melanoma reported [28, 41].
Finally, mucosal melanoma of the large intestine makes up 0.9 %, with only twelve
cases reported to date [41]. Surgery is still the mainstay of therapy, and as is the
trend in mucosal melanoma, has not improved overall survival [41].

Mucosal melanoma of the urinary tract includes melanomas of the urethra and
bladder. Urethral melanoma represents 3 % of all mucosal melanomas, and only
4 % of all urethral malignancies, with only about 25 cases in males and 40 cases in
females reported [28, 41, 46, 63]. There have only been around 20 cases of bladder
melanoma reported [28, 41]. Urethral melanoma is most commonly located in the
distal urethra, followed next in frequency by the meatus [41, 46, 57, 63]. Thus,
treatment typically involves partial penectomy or urethrectomy with or without
inguinal lymph node dissection. In the cases of more proximal urethral lesions,
radical cystoprosto urethectomy or anterior exenteration may be required [46]. The
optimal extent of surgery still remains undefined, and additional options have been
used in female patients including radiotherapy and cryosurgery [41, 46]. Bladder
melanoma is predominantly treated with surgical resection [41]. Regardless of
approach used, the survival benefit is limited [46].

5.1.5 Radiotherapy

Radiotherapy may be used to achieve local control in patients with mucosal mel-
anoma for whom surgical resection is not possible, or to enhance control after
surgery particularly when resection is suboptimal, a not infrequent occurrence given
the anatomic locations of these tumors. Most studies have failed to demonstrate an
improvement in overall survival with adjuvant radiotherapy, although these findings
are complicated by the fact that there is a tendency for radiotherapy to be favored in
more advanced cases [9, 43]. Radiation is also clearly useful for most of these
tumors in the palliative setting to control symptomatic local disease [41, 46, 57].
Multiple ongoing studies to investigate newer technologies that are capable of more
precise delivery of radiotherapy such as protons and heavy ions that take advantage
of higher linear energy transfer [9] may better define the role for radiation in the
upfront management of these tumors.

With regard to mucosal melanomas of the head and neck, most clinicians agree
on the use of adjuvant radiotherapy when surgery is not appropriate or feasible, and
in the setting of extracapsular disease, two or more nodes involved, large nodes
(3 cm or greater), positive or close margins and in the setting of residual disease or
recurrence after primary surgical resection [43, 46, 47, 54, 57], and on omission of
RT in clinically sensitive locations such as the eye. While several studies have
accounted improved local control with the addition of radiotherapy, overall survival
is not significantly affected [41, 43, 47, 48, 54, 57]. The use of prophylactic
radiotherapy without clinically apparent disease post-operatively or in the above
indications is contested, with some recommending post-operative radiotherapy in
almost all cases because of the high risk of potentially devastating local recurrence,
while others argue against its use as it has not been demonstrated to improve
recurrence rates even in spite of that risk [54]. Although not an exclusive test of
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radiotherapy in mucosal melanoma, the Trans-Tasman randomized trial of radio-
therapy or observation after lymphadenectomy for patients with high-risk mela-
noma can safely be extrapolated to mucosal presentations. This trial demonstrated a
significant improvement in LR recurrence (HR 0.56), but without improvements in
RFS or OS. The fractionation used in the RT arm was 48 Gray (Gy) in 20 fractions
[6]. With respect to additional reports of optimal dosing and fractionation, a series
of 28 patients reported a 49 % local control rate at 3 years using a treatment
schedule of 50-55 Gy in 15-16 fractions; a similar 44 % local control rate was
achieved in 25 patients treated with 8 Gy on days 7 and 21 [18, 23]. Of note,
Moreno et al. reported standard fractionation at a dose greater than 54 Gy resulted
in superior results as compared to a hypofractionated schedule, with locoregional
failure rates of 54.6 % versus 100 % respectively [43]. Some retrospective studies
noted better local control with modification of dose schedule, whereas others note
both improved local control and overall survival [9, 43].

Importantly, radiotherapy has also been useful as an adjunct to sphincter-sparing
local excision in anorectal melanomas, as an alternative to APR in order to preserve
quality of life [32, 41, 48], although even in reports of high local control rates,
5 year survival remains low [30]. Similarly in patients with vaginal melanomas,
where pelvic exenteration would be required for complete excision with unclear
impact on survival, radiation may be an important tool to enhance local control
when used adjuvantly and may reduce morbidity if used in the neoadjuvant setting.
The fractionation schedule for radiation used for anal or vulvovaginal melanoma is
based on patient and tumor anatomy with careful consideration of expected acute
and chronic toxicities; with standard fractionation schedules used in the adjuvant or
neoadjuvant setting and hypofractionation used primarily in the palliative or limited
postoperative setting. However, no improvement in overall survival in vaginal or
vulvovaginal melanoma has been reported in two recent studies, respectively [17,
33]; as such the role of radiation is largely to palliate local or metastatic disease.

5.2 Systemic Therapy

There are no consensus guidelines on the optimal systemic therapy for mucosal
melanoma. Most conclusions regarding systemic therapies to date are based on case
reports on a limited number of patients [3, 22, 32]. As a result, systemic therapy
regimens vary widely [3, 22, 32] and are extrapolated from data based on therapies
used to treat advanced cutaneous melanoma [3, 9, 50]. Contributing to the ambi-
guity is that many past and ongoing studies have excluded patients with mucosal
melanoma [3]. Even still, with limited data available, no systemic therapy has been
shown to significantly improve outcomes [9, 14, 19, 31, 57]. As it stands, the
medial overall survival reported with most treatment regimens is 4.9-9.7 months
[25]. Chemotherapy, targeted therapies and immunotherapies have each been
examined in small studies (Table 2) and form the basis of ongoing clinical trials
examining novel approaches.
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5.2.1 Chemotherapy

The benefit of adjuvant chemotherapy in mucosal melanoma is unclear. There has
been some experience among these patients with cisplatin and interferon, but
outcomes in general show limited benefit. Some studies even suggest a possible
decrease in survival rates in cases where these agents have been tried [46, 57].
However, as mentioned above, systematic trials of chemotherapy regimens
specifically involving mucosal melanoma patients are lacking [54]. In a single study
of 189 Chinese patients with resected mucosal melanoma, chemotherapy prolonged
relapse free survival versus interferon or observation (20.8 vs. 9.4 and 5.4 months)
and significantly increased overall survival (49 vs. 40 and 21 months) [36].

There are limited data regarding the efficacy of additional chemotherapeutic
agents in mucosal melanoma patients, and while some retrospective series suggest
these therapies produce responses in these patients equivalent to those seen in cases
of cutaneous melanoma, others have demonstrated mucosal melanoma patients have
worse outcomes in similar dacarbazine-based regimens [9, 48]. A trial examining the
combination of chemotherapy with bevacizumab in advanced patients is under way
(Table 3). Small retrospective series exist reporting antitumor activity of
biochemotherapy based regimens similar to those in cutaneous melanoma [3, 32].
Kim et al. reported the retrospective evaluation of cisplatin, vinblastine, dacarbazine,
IFN-a 2b and/or IL-2 in patients with anorectal mucosal melanoma [3, 22, 32, 48]. Of
18 treated patients, 8 patients (44 %) had major responses, including two (11 %) with
complete responses. Median time to progression of evaluated patients was
6.2 months and the median overall survival was 12.2 months. Prolonged survival was
seen in a subset of treated patients ranging from 14.0 to 43.7 months, and response
rates were highest in those who received treatment first line [32, 48]. Harting et al.
looked at eleven patients with advanced vulvovaginal mucosal melanoma treated
with biochemotherapy in the first line, with roughly a third of the patients achieving a
partial response, and median follow-up at 10 months demonstrating median overall
survival of 10 months [22, 48]. Finally, a third study by Bartell et al. evaluated
variations of the above regimen in fifteen patients with advanced head and neck
mucosal melanoma, demonstrating four patients (27 %) with complete responses and
three patients (20 %) with partial responses. The median time to progression was
10 months, though again a longer time to progression (50 months) was observed
among responding patients; median overall survival was 22 months [3, 48].

These studies discussed suggest response rates in advanced mucosal melanoma
patients that parallel rates in cutaneous melanoma patients treated with comparable
regimens [48]. Unfortunately, a phase three trial of patients with cutaneous melanoma
treated with identical biochemotherapy regimens failed to confirm a survival benefit,
and significant toxicity is sustained; the authors of these studies concluding that this
approach could be considered in judiciously selected patients [3, 22, 48]. While this
introduces doubt into the strength of evidence in favor of biochemotherapy, it also
hints at the possibility that, like other alternative therapies, there is a subset of mel-
anoma patients that may derive benefit from these regimens [3, 48].
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Table 3 Mucosal melanoma trials in progress (Ongoing and Planned)

Trial name

A phase II trial of PLX3397 in the treatment
of KIT mutated advanced acral and mucosal
melanoma

A randomized phase II study evaluating the
activity of bevacizumab in combination with
carboplatin plus paclitaxel in patients with
previously untreated advanced mucosal
melanoma

A phase II trial of Nilotinib in the treatment
of patients with c-KIT mutated advanced
acral and mucosal melanoma

A phase II trial of dasatinib in patients with
unresectable locally advanced or stage IV
mucosal, acral and vulvovaginal melanomas

A phase II study of imatinib in patients with
mucosal or acral/lentiginous melanoma and
melanomas that arise on chronically sun
damaged skin

A phase II study of SU011248 in patients
with metastatic mucosal or acral/lentiginous
melanoma

Phase II study of Nilotinib in metastatic
melanoma with KIT aberrations

A phase II study of Nilotinib (AMN107) in
TKI resistant or intolerant patients with
metastatic mucosal, acral or chronically sun
damaged melanoma

Targeted Therapies

Phase
1II

II

II

I

I

I

II

II

Agent
KIT
inhibitor

VEGF
inhibitor

Tyrosine
kinase
inhibitor

Tyrosine
kinase
inhibitor

Tyrosine
kinase
inhibitor

Tyrosine
kinase
inhibitor

Tyrosine
kinase
inhibitor
Tyrosine
kinase
inhibitor

Conditions

Advanced acral
melanoma
Advanced mucosal
melanoma

Metastatic mucosal
melanoma

Advanced mucosal
lentiginous
melanoma
Advanced acral
lentiginous
melanoma

Locally advanced or
metastatic mucosal
melanoma

Locally advanced or
metastatic acral
melanoma

Acral melanoma
Mucosal melanoma
Melanoma of
chronically sun
damaged skin

Metastatic mucosal
lentiginous
melanoma

Acral lentiginous
melanoma

Metastatic
melanoma with
¢-KIT Aberrations

Metastatic acral
melanoma
Metastatic mucosal
melanoma
Melanoma of
chronically sun
damaged skin

A better comprehension of the pathogenesis of mucosal melanoma, in particular its
molecular aberrations, has provided important insights into targets for future ther-
apies [9, 29, 54, 62]. As mentioned previously, a large portion of mucosal
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melanomas, regardless of subset, have mutations and/or amplifications in the KIT
oncogene which encodes for a receptor tyrosine kinase protein involved in multiple
processes of cell division and survival [3, 7-9, 19, 24, 26, 29, 31, 38, 39, 41, 48-50,
54, 61, 62]. Imatinib is an inhibitor of multiple tyrosine kinases, including KIT [8,
9, 19, 24, 26]. The initial clinical trials of imatinib showed the agent to be inef-
fective in a general population of patients with advanced cutaneous melanoma [8,
19, 24, 26, 61, 62]. While the early studies of the drug were coming to a close,
Curtin et al. published their identification of KIT gene aberrations (discussed
above), prompting researchers to begin examining tumors for KIT abnormalities
and treat identified cases with tyrosine kinase inhibitors with activity against KIT
[8, 12, 26, 62]. Since that time there has been anecdotal evidence that imatinib
results in rapid and durable tumor responses to KIT inhibitors specifically in
patients with KIT mutations [29, 31, 41, 48, 54, 61]. Lutzky et al. were among the
first investigators to report a complete response to imatinib therapy in the case of a
69 year old woman with advanced loco-regional mucosal melanoma of the anus
harboring both a mutation and an amplification of KIT [39, 62]. Hodi et al. then
reported a patient with primary anal melanoma with a mutation of KIT, most
specifically a seven-codon duplication in exon 11. This patient demonstrated a
near-complete response as measured by PET/CT as well as a greater than 50 %
reduction in tumor volume after only 2 weeks of therapy with imatinib [19, 24, 62].

After these observational reports, several clinical trials of imatinib in patients
with melanoma specifically bearing KIT alterations have subsequently taken place
[8, 19, 26, 29, 41, 48, 54, 62]. Carvajal et al. conducted a single-arm, open-label,
phase two clinical trial and reported the effects of imatinib on 25 evaluable patients
with melanoma harboring KIT mutations. Their study showed 2 complete responses
and 4 partial responses, two of which were transient, and five had stable disease for
12 weeks or more. The overall durable response rate was 16 %, with the four
patients with durable responses maintaining disease stability for more than a year.
The median overall survival was 46.3 weeks. All six patients with responses were
noted to have mutations in L576P on exon 11 or K642E on exon 13; both with
complete responses had both an L576P exon 11 mutation and a concomitant KIT
amplification [8, 26, 48, 62].

In a second single-arm, open-label phase II clinical trial of imatinib in patients
with KIT mutations or amplifications, Guo et al. studied 43 patients, with partial
responses observed in 10 (23 %) while 13 patients (30 %) had stable disease.
A majority of the patients who responded had KIT mutations in exons 11 and 13,
though one patient with a KIT amplification alone responded. The median pro-
gression free survival time was 3.5 months, and the median overall survival was
14 months [19, 26].

Finally, Hodi et al. conducted a multicenter, phase II clinical trial of imatinib in
24 patients with advanced acral, mucosal or chronically sun-damaged melanoma
with KIT mutations and/or amplifications, including 17 patients with mucosal
melanoma. There was an overall disease control rate of 50 %, again favoring
patients with KIT aberrations. Partial responses were seen in 7 of the 13 patients
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with KIT mutations (54 %), but no responses in patients with KIT amplifications or
without KIT deviations [26].

Patients with KIT anomalies have also been reported to positively respond to
other KIT inhibitors such as sorafenib, dasatinib and sunitinib [31, 50, 54, 61, 62].
Quintas-Cardama et al. described a case of a 79 year old male with KIT positive
metastatic anal mucosal melanoma who was treated with temozolomide and sor-
afenib and achieved a complete response for 5 months before eventually expiring
from progressive disease [50, 61, 62]. Woodman, et al. described two cases of
metastatic mucosal melanoma in patients with L576P KIT mutations treated with
dasatinib. Both of these patients had a significant reduction in tumor burden
(>50 %) and elimination of tumor by PET imaging, one of which who had pre-
viously failed therapy with imatinib. This also suggests melanoma with L576P KIT
mutations that are resistant to imatinib may be sensitive to additional KIT inhibi-
tors. Unfortunately, both patients developed tumor re-growth by PET imaging after
4 months of treatment [61, 62]. Finally, Zhu et al. detailed a patient with KIT
mutated metastatic nasal melanoma who received sunitinib and had a partial
response with tumors shrinking by 70 % which was maintained 5 months after the
initiation of therapy at the time of publication [64].

Taken collectively, these reports demonstrate that, while genetically selected
tumors with KIT anomalies have better response rates to KIT inhibitors than the
general population, these responses are variable. However, there is a pattern that
suggests tumors with specific KIT alterations may be more likely to respond to these
agents than others. Multiple reports suggested aberrations in exon 11 (most com-
monly L576P) and exon 13 (most commonly K642E) have better and longer sus-
tained responses over tumors with KIT amplifications or KIT alterations in other
regions [8, 9, 19, 26, 48, 50, 61, 62, 64]. These findings suggest perhaps only a few
KIT variations are truly oncogenic and are appropriate targets for therapy [8, 26].
Furthermore, they suggest not all KIT alterations equivocally forecast benefit from
KIT inhibition, but that further molecular discrimination may be required to better
identify patients for which these agents are appropriate [8, 9, 19, 26, 48, 62].

Unfortunately, most patients who demonstrate an initial response to KIT
inhibiting agents will only achieve brief periods of disease response and resistance
ultimately leads to progressive disease. This is in contrast to other malignancies
where KIT inhibition is commonly used, such as chronic myelogenous leukemia
(CML) and gastrointestinal stromal tumors (GIST), where durable responses
commonly occur [48]. While the mechanism of resistance in GIST tumors is
understood to involve the acquisition of additional, unique KIT mutations, the
mechanisms behind resistance to KIT inhibition in mucosal melanoma are unclear
[19, 26, 48]. Some have suggested it may be due to pre-existing concomitant
mutations in a variety of other oncogenes, while others have implicated acquired
resistance mechanisms, particularly in the case of KIT amplifications. There is
limited data available for both hypotheses [26], with more investigation in this area
warranted. Indeed, multiple clinical trials are ongoing to further define the activity
of KIT inhibition in populations of KIT mutant tumors, and to examine the use of
additional KIT inhibiting agents (Table 3).
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Finally, some mention of the role of BRAF inhibition in the treatment of
mucosal melanomas is warranted given the albeit small presence of BRAF V600E
mutations in about 10 % of mucosal melanomas [3, 7-9, 19, 29, 38, 41, 46, 48-50,
54, 56, 61]. As covered more thoroughly in Chap. 10, vemurafenib and dabrafenib
are inhibitors of BRAF that specifically harbor an activating mutation wherein
valine is substituted for glutamic acid at position 600. These agents have been
approved for the treatment of metastatic melanoma based on trials that have shown
superior response rates, progression free and overall survival in melanoma com-
pared with chemotherapy [1, 11]. As almost all tumors become resistant to single
agent BRAF inhibition, combinatorial therapy with MEK inhibition was studied in
two randomized phase III trials, both of which have shown superior progression
free survival [34, 37] and most recently overall survival with trametnib/dabrafenib
[52]. The question remains whether patients with mucosal melanoma with BRAF
mutations will see similar response rates to BRAF or BRAF/MEK inhibition as has
been seen in patients with cutaneous melanoma. This has yet to investigated [9],
although BRAF and MEK inhibitor therapy in mucosal melanomas with BRAF
V600 mutations is a reasonable scientific approach for patients not able to partic-
ipate in protocols.

5.2.2 Immunotherapies

In 2011, the FDA issued approval for ipilimumab, which has been shown to
improve overall survival in advanced cutaneous melanoma [8, 9, 25, 48, 49, 51].
The approval of immune checkpoint inhibitor therapies for the treatment of
advanced melanoma, which have the ability to produce long term durable remis-
sions, has revolutionized the treatment of this disease and are detailed further in
Chap. 10. Ipilimumab is a fully human, IgG antibody that targets cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4), an inhibitor receptor on T cells. By
blocking this receptor, ipilimumab enhances T cell activation and proliferation, thus
enhancing anti-tumor immunity [9, 11, 25, 48, 49, 51]. Ipilimumab is the first
therapy to demonstrate a survival advantage in a randomized phase III trial [9, 25].
Mucosal melanoma patients were not specifically excluded from this study, but
there were few in the study population [25, 48].

To date there have been no randomized trials of ipilimumab in mucosal mela-
noma patients, but anecdotal cases of benefit with use of this agent have been
reported [9, 48, 49]. A multicenter, retrospective analysis of 33 patients with either
unresectable or advanced mucosal melanoma treated with ipilimumab described
one complete response, one partial response, six cases of stable disease and twenty
two with progressive disease after 12 weeks of therapy. The overall durable
response rate was 6.7 %, consistent with the rates of 4.2—-10.9 % reported in patients
with cutaneous melanoma who underwent ipilimumab monotherapy. The median
overall survival was 6.4 months with a range of 1.8-26.7 months. Although these
response rates were comparatively low, this study demonstrated ipilimumab could
result in antitumor effects in patients specifically with mucosal melanoma [49]. An
additional analysis of 71 patients with mucosal melanoma treated as part of an
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expanded access program in Italy showed a 12 % response rate and immune related
disease control rate of 36 %; progression free survival and overall survival were 4.3
and 6.4 months [13].

The landscape of treatment for cutaneous melanoma has been further trans-
formed by the development of inhibitors of programmed death 1 (PD-1) receptor
and programmed death receptor ligand (PDL 1). Anti PD-1 inhibitors have yielded
impressive durable responses in phase I trials [20, 58], as well as improved pro-
gression free survival in melanoma compared with chemotherapy [15], and
improved overall survival was observed in patients wild type for BRAF mutation
compared with chemotherapy [53]. Response rates are yet higher in patients treated
with anti-CTLA-4 and anti-PD-1 combinations accompanied by higher toxicity
[60]. To date, one case report documents a durable response of a mucosal mela-
noma patient treated with the anti-PD 1 antibody pembrolizumab following treat-
ment with ipilimumab; this patient also experienced hypothyroidism and
rhabdomyolysis as a consequence of therapy [42]. Clinical trials to assess the
efficacy of checkpoint inhibition in the subset of patients with mucosal melanoma
will further evaluate potential therapeutic benefits of anti-PD-1 inhibitors, alone or
in combination with other checkpoint inhibitors or immunomodulatory agents.

Given the ever-evolving intricacies of tumor pathogenesis as well as the complex
mechanics of our own immune response, combination therapy is the next logical
step in cancer research in order to broaden clinical responses and prevent the
development of resistance to single agents, which has been shown to develop
rapidly [40]. In addition, novel agents that have been shown to be efficacious in one
setting should continue to be investigated in additional settings that make scientific
sense. The aforementioned therapies are only the beginning in a promising future
for mucosal melanoma patients.
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