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Abstract: Melanomas arising at uncommon sites include a group of lesions related to unusual
localizations in specific ethnic groups. The rarity of the disease often represents a limit to the
participation of patients in specific trials. However, this peculiar genetic scenario has important
therapeutic implications regarding new oncologic therapies. The aim of this article is to review the
clinical features, somatic alterations and therapeutic options for melanomas of uncommon sites.
They can be classified as cutaneous and mucosal lesions affecting the nail apparatus, palms/soles,
oral mucosa, genital area and scalp. The prognosis may be worse compared to melanomas of other
districts, and a prompt diagnosis may dramatically influence the outcome. Dermatologists and
oncologists should therefore distinguish this melanoma subgroup in terms of surgical intervention
and medical treatment. Due to the lack of mutations in genes usually found in cutaneous melanomas,
the discovery of novel targets is required to develop new strategies and to change the prognosis of
non-responders or wild-type patients.
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1. Introduction

Melanomas of uncommon sites encompass both cutaneous and mucosal lesions related
to an unusual localization in specific ethnic groups. The histopathological interpretation
may be challenging, and known site-related atypical features may sometimes increase
diagnostic dilemmas for pathologists. They represent a separate subgroup with peculiar
genetic alterations and, in some cases, may be associated with a worse prognosis compared
to melanomas of other districts. The umbrella term “sun-protected melanomas” has been
considered inadequate to describe a heterogeneous pool of mucosal, acral and vulvovaginal
melanomas with distinct genetic profiles [1]. The treatment choice and outcome may
therefore be challenging.

The aim of this article is to describe the clinical features of cutaneous and mucosal
melanomas of uncommon sites and review the reported somatic molecular alterations and
emerging treatment options for these aggressive variants. Dermatologists and oncologists
should specifically consider this subgroup in terms of surgical intervention and medical
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treatment. Here, we will focus on melanomas arising on acral body areas, including the
nail apparatus and palms/soles, oral mucosa, genital area and scalp.

2. Cutaneous Melanomas at Uncommon Sites
2.1. Acral Melanomas

The term acral melanoma includes a subset of melanomas affecting the nail unit, palms
and soles. The pathogenetic mechanisms of acral melanoma have not yet been completely
clarified [2]. A role for the trauma has been proposed, although, according to some authors,
the trauma may simply represent the reason inducing patients to seek a prompt medical
evaluation, with the consequent unexpected recognition of the disease [2—4]. The role of
UV exposure is not fully applicable to acral melanomas, but it seems more relevant in
cutaneous, as compared to nail unit, lesions. UV signature mutations (tandem CC>TT
transitions and C>T transitions at dipyrimidine sites) are not commonly detected in acral
melanoma [1,5,6]. However, in 1987, Baran and Juhlin reported that the nail plate may
represent a convex lens favoring UV exposure to nail matrix melanocytes [7]. In addition,
solar elastosis has been detected in nail melanoma samples, although this feature is not
routinely reported by pathologists.

Nail melanoma is uncommon in White patients, accounting for only 2% of all melanomas
but for almost one-fifth of the total cases in non-White subjects, including Asians and Afro-
Americans [8,9]. It usually presents as a brownish/black/grayish irregular longitudinal
band of pigmentation (nail melanonychia) that may be associated with nail plate dystrophy
and abnormalities (Figure 1). The pigmentation can extend to the nail folds or to the sur-
rounding skin with the so-called Hutchinson’s sign [10-12] (Figures 1 and 2). Amelanotic
lesions clinically present as a band of erythronychia or as eroded nodules with nail plate
abnormalities showing polymorphous vessels and milky-red areas on dermatoscopy [13,14].
Nail melanoma mainly arises in the great toenail, the thumb and the second digit. Possible
differential diagnoses include tinea unguium, warts, hemorrhages or pyogenic granulomas,
often determining a delay in the diagnosis and, thus, a worse prognosis [15].

Figure 1. Nail melanoma of the great toenail clinically presenting as a longitudinal melanonychia (a). At onychoscopy,

(b) heterogeneous irregular longitudinal bands of pigment with nail plate dystrophy; pigmentation extends to the hypony-

chium (Hutchinson’s sign).

Cutaneous acral melanoma clinically appears as a pigmented brown-to-black macule
(Figure 3) or nodule, sometimes ulcerated, although amelanotic lesions can also be observed.
A parallel ridge pattern is a dermatoscopic feature suggestive for acral melanoma, together
with polymorphous vessels [15,16].
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Figure 2. Nail melanoma of the 3rd digit of the foot: (a) clinical presentation showing neoplastic cutaneous spread to the
periungual tissues and Hutchinson’s sign: an exophytic and verrucous growth is observed. Dermoscopy (b) reveals bluish,
black and milky-red structureless areas and irregular brown dots.

Figure 3. Plantar melanoma. Clinical presentation (a) reveals a black irregular macule. Dermoscopy (b) shows a parallel
ridge pattern and structureless dark brown and black areas.

Histopathological subtypes of acral melanoma most commonly include acral lentigi-
nous melanoma, followed by nodular (20-39%) and superficial spreading types (8-27%).
However, in a series of 31 Caucasian patients affected by acral melanoma, our group
detected the nodular subtype in 48.4% of cases, and the acral lentiginous and superficial
spreading subtypes in 22.6% each [17].

Surgical procedures and the ability to achieve wide margins can be difficult in acral
melanomas due to the attempt to preserve tissue and maintain functional integrity. Inci-
sions in digital and interdigital spaces must be carefully planned. In the literature, Mohs
micrographic surgery is indicated as a possible treatment option for in situ melanoma of
the nail [18]. Other authors described 14 patients with invasive nail unit melanoma treated
with Mohs micrographic surgery with good results (6/14) but, also, with local recurrences
(3/14), positive lymph nodes (1/14) and distal metastases (2/14) [18,19]. Amputation of
the involved phalanx or digit is traditionally indicated, according to melanoma thickness,
possibly with sentinel lymph node biopsy [20,21]. However, with regard to melanoma of
the nail, some authors reported that disarticulation is not associated with a better progno-
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sis [21]. A lymph node biopsy is an important prognostic element for acral melanoma, but
there is no correlation between Breslow thickness and lymph node status [20].

Understanding the relationships of each subtype of acral melanoma with constitu-
tional and genetic factors can be the key to developing advanced prevention strategies.
Overall, acral melanomas show a markedly different genomic landscape from non-acral
melanomas, with a lower mutation burden and large-scale structural rearrangements (dele-
tions, duplications and tandem duplications) and genomic aberrations. Indeed, as reported
by Hayward et al. (2017), single-nucleotide variants were about 18 times less frequent in
acral (mean 2.64 mutations per megabase) than in cutaneous non-acral melanomas (mean
of 49.17 mutations), while somatic structural variants (SVs) were approximately three times
more prevalent (mean of 342.40 vs. 101, respectively) [22].

Overall, BRAF, NRAS, KIT, MAP2K2 and NF1 have been identified as significant driver
genes in acral lesions; however, the mutation frequencies varied considerably compared to
conventional cutaneous melanoma. Acral melanoma mainly exhibited a variety of “triple
wild-type” mechanisms, including point mutations in KIT detected in up to 23% of cases
and focal amplifications of KIT, CCND1, CDK4, MDM2, KRAS and PDGFRA. Instead,
BRAF and NRAS mutations have been identified in up to 33% and 46%, respectively [17].
Recently, in a group of 31 White patients, we found lower mutation rates for BRAF and
KIT of 12.9% and 20.0%, respectively, and a prevalence of NRAS mutations of 27.3% [19].
Interestingly, BRAF mutations were less likely to occur on volar or ungual melanomas than
on dorsal acral skin, probably reflecting the increased role of UV exposure [23]. Finally, in
further contrast to cutaneous melanomas, acral lesions infrequently carried PTEN, DDX3X,
RASA2, PPP6C, RACI or RB1 pathway mutations [24,25].

SVs and copy number variations (CNV) were identified mainly in the NF1, TP53,
PTEN and KIT genes, while structural rearrangements producing kinase fusions that may
activate the MAPK pathway were reported in the RAF1, RACI, MAP2K2, MAP3K9, TRRAP
and PAK1 genes [24]. BRAF fusion genes such as AGK-BRAF, ERC1-BRAF and CNTNAP2-
BRAF that retained the BRAF kinase domain with a loss of the autoinhibitory domain were
also identified [26]. Other fusion genes involved receptor tyrosine kinases, such as NTRK3
and ALK. Interestingly, the authors also observed 23% of acral melanomas with structural
rearrangements or deletions affecting NF1 [26].

The differences between the mutational statuses of cutaneous acral and nail melanomas
have been reported in the COSMIC database, describing mutations of BRAF, NRAS and KIT
in 14.6%, 8.8% and 11.9% of cutaneous acral melanoma cases, compared to 10.2%, 33.3%
and 19% in nail melanomas, respectively [27]. Mutations in other genes have a significantly
lower frequency, with acral lesions showing changes of TP53 in 8.7% and SKT11 in 4.3%
of cases and nail melanomas harboring mutations of GNA11 in 2.2%. The whole exome
sequencing study performed by Lee et al. (2018) revealed additional differences, with
cutaneous acral melanoma carrying BRAF and NRAS mutations while nail lesions showed
a higher number of copy number alterations (median of 17 for acral vs. 42 for the nail ap-
paratus). A genomic aberration of CARD11; chromatin remodeling genes (ARID2, ARID1A
and ARID1B) and protein phosphatase genes (PTPRB and PTPRK) were distinctive for nail
lesions in that study [28].

The combined use of BRAF and MEK inhibitors is one of the standards of care for
patients with advanced BRAF-mutant melanomas. Several clinical experiences, on a limited
number of patients, have shown significant responses with the use of ¢-KIT inhibitors in
melanoma patients harboring mutations in exons 9, 11 or 13 [29]. A Chinese phase II
study found response rates of 20-30% with prolonged progression-free survival in patients
treated with imatinib [30]. Immune checkpoint blockade therapies—in particular, anti-PD-1
antibodies—showed great potential in acral melanomas: survival was longer in patients
treated with immune checkpoint inhibitors as the first-line treatment than in patients
receiving other systemic therapies (e.g., BRAF/MEK inhibitors and chemotherapy). The
response rates to PD-1 blockades in patients with acral and mucosal melanomas have been
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comparable to the published rates in cutaneous melanoma and support the routine use of
PD-1 blockades in clinical practice [31].

2.2. Scalp Melanomas

Almost 20% of melanomas affect the head and neck region, but only a limited subset
(less than 5%) arises on the scalp. Scalp melanomas appear to have a worse prognosis than
melanomas in other areas of the body, probably related to the peculiar biological features of
the tumor and the specific anatomy of the scalp, such as the complex lymphatic system that
makes it difficult to perform a sentinel lymph node biopsy [32]. In addition, the presence
of multiple layers of tissues in the scalp and the presence of the subaponeurotic space can
increase the chances of tumor spread [33,34]. It has recently been reported that melanoma
of the scalp with hair coverage occurs in younger individuals and has a lower Breslow
thickness than melanoma of the bald scalp. Older people are usually less interested in
seeking medical advice, and neoplasms tend to be more aggressive [11].

The presence itself of hair cover is an obstacle to self-examination and several cases
of a diagnosis of melanoma of the scalp by hairdressers have been reported [35,36]. Der-
matoscopy helps the clinician in the diagnosis, showing an atypical network, irregular
streaks and a blue veil (Figure 4) [37]. In the case of the lentigo maligna subtype, rhom-
boidal structures, asymmetrically pigmented follicles, circle within the circle obliteration of
the follicles and the finding of gray shades are observed [38,39].

Figure 4. Scalp melanoma: clinical presentation (a) showing a brownish-to-bluish macule. Dermoscopy
(b) revealed an irregular brown pseudo-network with a central blue veil and regression areas.
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The main pathogenetic factors of scalp melanomas are still unknown. The role of
UV exposure is debated: chronic actinic damage is associated with the development of
melanoma in patients of older age and with thinning hair, but a worse prognosis has
been described in melanomas of the posterior scalp, which is usually less exposed to
sunlight [11,35,40].

Scalp melanomas often present adverse histopathological features (satellite metastasis
and mitoses), and the nodular variant is more often detected [40]. In the recent literature,
the role of involvement of the pilosebaceous unit by neoplastic cells has been a matter
of debate. According to some authors, the follicle represents a barrier to the spread of
melanoma, while others consider it a poor prognostic factor [41-45]. It is now strongly
recommended to include the presence of folliculotropism in pathological reports [46].

Specific considerations regarding the genetic background of melanomas arising on
the scalp should be addressed. Somatic mutations in head and neck melanoma are not
commonly observed, and the rarity of the disease makes exhaustive molecular studies
difficult. Genetic data on scalp melanomas from the COSMIC database report mutations of
BRAF in 53/141 cases (37.6%), NF1 in 21/31 cases (67.7%), GNA11 in 16/64 cases (25%),
GRIN2A in 15/31 cases (48.4%) and TP53 in 14 /26 cases (53.8%) [24]. In a small series of
19 primary cutaneous head and neck melanomas, including five melanomas of the scalp,
we recently found the majority of cases to be a wild type for BRAF and NRAS, with BRAF
mutations observed in only 23% of the melanomas [47]. A retrospective study investigating
93 melanomas found a higher rate of BRAFV600E mutations (40%), while a few genetic
reports of single cases showed recurrent Q209L change on the GNA11 gene [48]. At the
chromosomal level, a comparative genomic hybridization study of a nodular melanoma of
the temporal scalp identified multiple chromosomal gains, including 6p, almost the entire
chromosome 7 and 8q11.1-q24.3, which contain multiple important oncogenes, such as
RREBI1 (6p25), EGFR (7p12), BRAF (7q34) and Myc (8q 24.21) [49].

The rarity of mutations in target genes represents a limitation for the treatment of
stage III/IV patients with the available targeted therapies (i.e., BRAF and MEK inhibitors),
reducing the treatment options. Considering the worse prognosis of scalp melanomas
and the high frequency of wild-type lesions, further investigations are recommended
to increase treatment options. A further understanding of new molecular signatures in
melanoma progression (i.e., PI3K and AKT) is called for in the literature in order to manage
nonresponsive patients [50].

3. Mucosal Melanomas at Uncommon Sites
3.1. Oral Melanomas

Oral melanomas represent 0.5-0.7% of all oral neoplasms and 25-40% of mucosal
melanomas in the head and neck region [51,52]. They account for a minority (<7%) of
all melanomas, but their incidences seem to be steady (0.2 per million/year) compared to cu-
taneous lesions, whose incidences have been rising in the last years [51-55]. Oral melanomas
are infrequent in Caucasian individuals (<1%), with a higher incidence among other ethnic
groups, such as the Japanese (7.5%) [52,55-57]. They rarely appear before the fifth or sixth
decades of life and seem to be more common in men than in women [51-53,58]. Due to their
low frequency and lack of systematic studies, the etiology of oral melanomas has been poorly
investigated: smoking and the resulting chronic inflammation and mechanical irritation have
been addressed as a possible risk factor, but there is no definite evidence [53,58].

Oral melanomas are considered a separate entity in the melanoma scenario, dif-
ferent from cutaneous and ocular lesions, with their own genetic features and clinical
behaviors [51]. In the majority of patients, oral melanomas develop “de novo” from
non-pigmented mucosa. However, in one-third of cases, earlier oral pigmentations have
been reported, including previously misdiagnosed but evolving melanoma lesions (“in situ
melanomas”). A possible malignant degeneration of oral nevi has been proposed [52,54,59].

They are clinically characterized by brownish-to-black macules, plaque or nodules
with heterogeneous shades of colors (blue, gray, red or purplish) or depigmented
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areas (Figure 5) [60]. The most frequent localizations are the hard palate and the
alveolar mucosa [51,52,54]. Amelanotic presentations are observed in up to half of
the cases, ulceration is observed in one-third of the lesions and satellite foci are not
uncommon [51,52,60]. Unlike their cutaneous counterpart, the diagnostic dermoscopic
criteria are not well-established, due also to the technical limitations of the complex
anatomy [58,61,62]. Dermatoscopic patterns suggesting a malignant nature of the
lesions include the presence of irregular diffuse pigmentation or a pseudo-network, re-
gression structures, a blue-whitish veil and atypical vessels. Moreover, diagnostic clues
are multiple colors (blue, black, gray and brown); asymmetric elements; heterogeneous
borders and a sharp interruption of the reticular pattern [55,63,64].

Figure 5. Oral melanoma: clinical presentation showing a black nodule with depigmented areas.

For the correct management of oral pigmentations, focal lesions appearing in adults
with a diameter greater than 0.5 cm and without known triggering factors or changing at
follow-up should be biopsied. Nodules should be promptly excised without any monitor-
ing [8,58].

However, due to the frequent lack of symptoms, the diagnosis of oral melanoma is often
delayed, and the prognosis is extremely poor, with a five-year survival rate of approximately
32-35% [52-54,65]. In up to 43% of cases, lymph node metastases are detected at the time of
diagnosis, and the risk appears to be higher for nodular lesions [53,66]. The early onset of
nodal metastases is probably related to the rich vascularization and the complex lymphatic
drainage of this district. Proper staging is mandatory, and magnetic resonance imaging is
considered the best choice [53].

There are no specific guidelines or tailored treatment strategies for patients with oral
melanomas. In 2009, the UICC (International Union Against Cancer, Geneva, Switzerland)
7th edition of TNM provided the classification for upper aerodigestive tract melanomas,
without subgroups based on location and starting from T3 and stage III for primary
melanomas arising in the epithelium/submucosa (mucosal disease) without metastases [53].
Currently, in the 8th edition of the American Joint Committee on Cancer (AJCC), there is a
specific classification for mucosal melanomas of the head and neck district but none for
oral lesions [67].
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Surgery is the primary therapeutic option for oral melanomas but may be limited by
the possibility of obtaining wide margins to preserve a fairly acceptable function. In the
past, due to the high risk of lymph node involvement, prophylactic neck dissection was
proposed [68,69]. Currently, the introduction of adjuvant therapy has profoundly changed
the treatment algorithm.

The particular genetic scenario of oral melanomas has heavy implications in the ther-
apy of metastatic diseases, and the detection of specific mutations determines the choice.
Few molecular studies have focused solely on oral lesions, which are instead generally
included in the wide group of mucosal melanomas. Overall, oral melanomas show a very
low rate of mutations in BRAF (<6%) and in GNAQ/GNA11 genes (<1%) [51,53,58]. On
the contrary, NRAS mutations are detected in 14-22% of cases and KIT mutations in up
to 25% [53,58]. Song et al. (2017) reported that the loss of nuclear BAP1 expression was
correlated with a poor overall survival and the development of metastases [70]. More
recently, two whole-exome sequencing studies provided important insight into the mu-
tational profile of oral melanomas [71,72]. Overall, they found a low mutation burden
with an excess of the CG>AT mutation spectrum, mainly associated with the age- and
smoking-related signatures. Besides the well-recognized driver mutations in the BRAF,
RAS family and KIT, the authors also found frequent mutations in the POLE, PTPRD,
PTCHD?2 and DMXL2 genes [72]. Recurrent somatic mutations and amplifications were
identified in the transmembrane nucleoporin POM121 gene (30% of cases), which were
associated with worse clinical outcomes and significantly higher tumor proliferation [71].

Regarding chromosomal aberrations, a high rate of SVs, such as inter-chromosomal
and intrachromosomal translocations, between or within chromosomes 5 and 12 were
detected and mainly occurred in a group of patients with worse clinical outcomes. More-
over, more than 50% of the lesions harbored recurrent focal amplifications of several
oncogenes (CDK4, MDM?2 and AGAP2) at 12q13-15, and this cooccurred significantly with
the amplification of TERT at 5p15 [71,72].

The low rate of BRAF mutations dramatically reduces the possibility of using BRAF
and MEK inhibitors in oral melanoma. Therapy with imatinib is an option in patients
harboring a mutation in c-KIT, but partial responses and the development of resistance to
treatment have been described [60]. Inmunotherapy can be successful, but the response
rates are lower than in cutaneous melanomas. Anti-PD-1 nivolumab, combined with
anti-CTLA-4 ipilimumab, appears to be more effective than nivolumab alone [73]. Clinical
trials for patients with mucosal melanomas remain a key priority.

3.2. Genital Melanomas

Melanomas of the genital area are extremely rare. Melanomas of the penis and scrotum
represent 0.1% to 0.2% of all extraocular tumors. Penile melanomas are more frequent
(69%) than scrotal melanomas (31%) and most commonly occur on the glans penis (55%),
followed by the foreskin (28%), penile shaft (9%) and urethral meatus (8%) [74]. Female
genitourinary tract melanomas account for 3% of all melanomas [75]. The vulva is the
most frequent site involved (70%), followed by the vagina and, more rarely, the cervix [76].
Although genital melanomas can occur at any age, a mean age at diagnosis of 60 years has
been reported [77,78]. The pathogenesis and risk factors have not been well-established.
Exposure to UV radiation probably has no role in genital melanoma development.

The clinical presentation of genital melanomas is heterogeneous. Typically, they
appear as single or multiple irregular-shaped macules, papules or nodules brownish-
to-black in color (Figures 6a and 7a), although, occasionally, they present as amelan-
otic/erythematous lesions, and ulcerations with bleeding can be present [74,79,80]. Der-
matoscopy (Figures 6b and 7b) is useful to identify the features such as an atypical vascular
pattern, multicomponent colors with presence of a blue-whitish veil and structureless ar-
eas [77]. Melanocytic nevi, melanosis, pigmented Bowen disease and Bowenoid papulosis
represent the main differential diagnoses [81].
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Figure 6. Penis melanoma. The clinical presentation (a) shows a black nodule of the glans. Dermoscopy (b) reveals

polymorphous vessels with structureless brownish and white areas.

Figure 7. Vulvar melanoma. The clinical image (a) shows multiple irregular-shaped brown/black macules. Dermoscopy
(b) reveals black/blue and white structureless areas, regression areas, irregular blue/gray dots and an atypical brownish

digitiform pattern.

Melanomas of the genital mucosa appear to be more aggressive than their cutaneous
counterparts, both in male and female patients. Compared to cutaneous lesions, geni-
tourinary melanomas have a higher median tumor Breslow thickness (3.2-12.7 mm) at
diagnosis [75]. Patients with melanomas of the penis often present at an advanced stage,
with the involvement of lymph nodes in the inguinal region. Aggressive tumor behaviors,
a rich lymphatic vascularization of these sites and a delay in medical advice due to em-
barrassment or difficulty in self-observation for women have been hypothesized as the
reasons for the rapid spread [75,82,83].

Surgery remains the primary treatment modality for genital melanomas; however,
guidelines on surgical management are lacking. Concerns about the preservation of
anatomical structures and sexual function represent a limitation to the wide surgical
margins [84]. The surgery of penile melanomas varies from complete or partial amputation
of the penis (full-thickness sectional excision) to organ-sparing surgery (local excision
with reconstruction with a mucosal graft from the oral cavity or Mohs micrographic
surgery) [77,84]. An interesting systematic review pointed out that the local recurrence
rates after organ-sparing surgery and after amputation surgery were comparable, with
unacceptably elevated local recurrence rates in both cases [83]. Additionally, in female
genital tract melanomas, strategies of more radical surgery have been attempted in the past,
although there is no evidence that a radical vulvectomy may have any benefits over local
procedures [82]. Consensus guidelines need to be developed to standardize therapeutic
practices in order to optimize the functional and psychosocial outcomes.
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The lymph node status is the most important predictor for disease-specific survival,
and patients with positive lymph nodes are now possible candidates for adjuvant treat-
ment [80,85].

Data on the molecular alterations of genital melanomas are scarce, since the majority
of genetic studies on mucosal melanomas have been performed without differentiation by
anatomical site. Overall, the mutational burden of mucosal melanomas is five- to ten-fold
lower than that of cutaneous melanomas, and a distinct pattern of chromosomal aberrations
and a higher rate of copy number alterations have been reported [86]. Studies targeting
BRAF, NRAS and KIT showed KIT as the most common mutated gene in urogenital tract
melanomas, with a mutation frequency higher than 25% [87-90]. NRAS mutations were
detected in 15% of cases, while changes in BRAF remained very uncommon (approximately
5%) [91,92]. A higher prevalence of NRAS mutations (approximately 21%) was reported
in vaginal melanomas and, of BRAFV600E, change (33%) in vulvar cases [90,93]. In the
COSMIC database, no data are available for penile and scrotum melanomas, while vulvar
lesions show 10.5% of BRAF mutations (other than V600E). More recently, an analysis of
the mutational profile by next-generation sequencing confirmed the high mutation rate of
the KIT gene, mainly occurring in exon 11, and revealed common variants in TP53, NF1
and APC in 22%, 19% and 10% of female genital tract melanomas, respectively. Other,
less frequent mutations were found in the CTNNB, GNA11, SDHD and SDHA genes
and the TERT promoter [94]. Finally, additional reports identified hotspot mutations in
codon 625 of the SF3B1 gene [95]. At the chromosomal level, a high rate of copy number
aberrations involving gains or amplifications of chromosomes 6, 7, 8 and 11 were identified
in all 13 vulvar melanomas analyzed by Yelamos et al. (2016). In these cases, the specific
oncogenes targeted with the FISH probes included RREB1 at 6p25, EGFR at 7p12, BRAF at
7q34, MYC at 824 and CCND1 at 11q13.

There is a lack of randomized clinical trials assessing the role of systemic therapies in
stage IV patients with genital melanomas. The available data mainly consist of small retro-
spective series and support the use of immunotherapy in improving survival. Indini et al.
(2019), in a single center experience including seven female lower genital tract melanomas,
reported a poor response rate for immunotherapy (28.5%) [76]. A better progression-free
survival and overall survival was observed in patients under anti-PD-1 therapy compared
to those receiving anti-CTLA4 (p = 0.01 and p = 0.15, respectively) [76].

The topical use of imiquimod has been reported in the literature in cases of in-situ
lesions or inoperable diseases, with variable clinical responses [77,96,97]. Further studies
are warranted to understand the factors improving the outcomes of these patients.

Data on adjuvant therapy for genital melanomas are relatively limited. The c-KIT
inhibitor imatinib is the most-studied adjuvant therapy and has so far shown only a subop-
timal response in trials of mucosal melanomas. Some authors reported that immunotherapy
(anti-PD-1) combined with other therapies (ipilimumab, radiation therapy or imatinib) are
associated with better results in the adjuvant setting than both agents alone [75,76].

4. Conclusions

Melanomas of uncommon sites deserve specific considerations regarding diagnosis and
management. The prognosis is worse in most cases compared to cutaneous melanomas of
other districts, and a prompt diagnosis and intervention may dramatically influence the
clinical course. The rarity of mutations in genes usually found in cutaneous melanomas and
currently suitable for targeted therapies requires the discovery of novel targets to develop
new strategies and to change the prognosis of non-responders or wild-type patients. Future
perspectives may arise from a deeper understanding of the molecular and biological mecha-
nisms of melanomas, including microRNA expression, splicing and immunotype, in order to
understand the other pathogenetic triggers and develop new target therapies [1,98,99].



J. Clin. Med. 2021, 10, 478 110f15

Author Contributions: Conceptualization, E.D., M.L., M.C.F,, C.P. and G.V.; methodology, E.D., M.L.,
CP,GYV,BM, MR,ES, AP,CR,MM. and M.C.F,; validation, E.D., M.L., C.P, G.V.,.BM., MR,
ES., AP, CR.,, MM. and M.C.F; formal analysis, E.D., M.L.,, C.P, G.V,, BM., M.R,, ES., AP, CR.,
M.M. and M.C.F; writing—original draft preparation, E.D., M.L., C.P, G.V,, BM., MR, ES,, AP,
C.R, MM. and M.C.E; writing—review and editing, E.D., M.L.,, C.P, G.V, BM.,, M.R,, ES,, AP, CR,,
M.M. and M.C.F,; visualization, E.D.,, M.L,, C.P, G.V., BM., M.R,, ES., A.P, C.R,, M.M. and M.C.F. and
supervision, E.D., M.L., M.C.F. and C.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Shi, K.; Zhang, B.; Kong, B.Y.; Zhang, Y.; Igartua, C.; Mohan, L.S.; Quan, V.L.; Panah, E.; Isales, M.C.; Beaubier, N.; et al. Distinct
Genomic Features in a Retrospective Cohort of Mucosal, Acral and Vulvovaginal Melanomas. J. Am. Acad. Dermatol. 2019.
[CrossRef] [PubMed]

Ravaioli, G.M,; Dika, E.; Lambertini, M.; Chessa, M.A.; Fanti, P,; Patrizi, A. Acral melanoma: Correlating the clinical presentation
to the mutational status. G. Ital. Dermatol. Venereol. 2018, 154, 567-572. [CrossRef] [PubMed]

Costello, C.M.; Pittelkow, M.R.; Mangold, A.R. Acral Melanoma and Mechanical Stress on the Plantar Surface of the Foot. N. Engl.
J. Med. 2017, 377, 395-396. [CrossRef] [PubMed]

Fanti, PA ; Dika, E.; Misciali, C.; Vaccari, S.; Barisani, A.; Piraccini, B.M.; Cavrin, G.; Maibach, H.L; Patrizi, A. Nail apparatus
melanoma: Is trauma a coincidence? Is this peculiar tumor a real acral melanoma? Cutan. Ocul. Toxicol. 2013, 32, 150-153.
[CrossRef] [PubMed]

Rawson, R.V,; Johansson, P.A.; Hayward, N.K.; Waddell, N.; Patch, A.-M.; Lo, S.; Pearson, J.V.; Thompson, J.F; Mann, G.J.;
Scolyer, R.A; et al. Unexpected UVR and non-UVR mutation burden in some acral and cutaneous melanomas. Lab. Investig. 2017,
97,130-145. [CrossRef]

Brash, D.E. UV Signature Mutations. Photochem. Photobiol. 2015, 91, 15-26. [CrossRef]

Baran, R.; Juhlin, L. Drug-induced photo-onycholysis: Three sub-types revealed in a study of 15 cases. Br. J. Dermatol. 1987, 117,
26-27. [CrossRef]

Dika, E.; Starace, M.; Lambertini, M.; Patrizi, A.; Veronesi, G.; Alessandrini, A.; Piraccini, B.M. Oral and nail pigmentations: A
useful parallelism for the clinician. J[DDG 2020, 18, 7-14. [CrossRef]

Lee, D.J.R,; Arbache, S.T.; Quaresma, M.V.; Nico, M.M.S.; Gabbi, T.V.B. Nail Apparatus Melanoma: Experience of 10 Years in a
Single Institution. Skin Appendage Disord. 2019, 5, 20-26. [CrossRef]

Lambertini, M.; Filippi, E,; Traniello Gradassi, A.; Magni, L.; Dika, E. Multiple Digit Melanonychia: Examine the Scalp. J. Am.
Acad. Dermatol. 2017, 78, €97—-€98. [CrossRef]

Benati, E.; Ribero, S.; Longo, C.; Piana, S.; Puig, S.; Carrera, C.; Cicero, F; Kittler, H.; Deinlein, T.; Zalaudek, I.; et al. Clinical and
dermoscopic clues to differentiate pigmented nail bands: An International Dermoscopy Society study. J. Eur. Acad. Dermatol.
Venereol. 2017, 31, 732-736. [CrossRef] [PubMed]

Piraccini, B.M.; Dika, E.; Fanti, P.A. Tips for diagnosis and treatment of nail pigmentation with practical algorithm. Dermatol. Clin.
2015, 33, 185-195. [CrossRef] [PubMed]

Starace, M.; Dika, E.; Fanti, P.A.; Patrizi, A.; Misciali, C.; Alessandrini, A.; Bruni, F,; Piraccini, B.M. Nail apparatus melanoma:
Dermoscopic and histopathologic correlations on a series of 23 patients from a single centre. J. Eur. Acad. Dermatol. Venereol. 2018,
32,164-173. [CrossRef] [PubMed]

Dika, E.; Patrizi, A.; Fanti, PA.; Christman, H.; Misciali, C.; Piraccini, B.M. An asymptomatic subungual nodule. . Am. Acad.
Dermatol. 2016, 74, e27-28. [CrossRef]

Desai, A.; Ugoriji, R.; Khachemoune, A. Acral melanoma foot lesions. Part 2: Clinical presentation, diagnosis, and management.
Clin. Exp. Dermatol. 2018, 43, 117-123. [CrossRef]

Koga, H.; Saida, T. Revised 3-Step Dermoscopic Algorithm for the Management of Acral Melanocytic Lesions. Arch. Dermatol.
2011, 147, 741. [CrossRef]

Dika, E.; Veronesi, G.; Altimari, A.; Riefolo, M.; Ravaioli, G.M.; Piraccini, B.M.; Lambertini, M.; Campione, E.; Gruppioni, E.;
Fiorentino, M.; et al. BRAF, KIT, and NRAS Mutations of Acral Melanoma in White Patients. Am. . Clin. Pathol. 2020, 153,
664—671. [CrossRef]

Lambertini, M.; Piraccini, B.M.; Fanti, P.A.; Dika, E. Mohs micrographic surgery for nail unit tumours: An update and a critical
review of the literature. J. Eur. Acad. Dermatol. Venereol. 2018, 32, 1638-1644. [CrossRef]

Brodland, D.G. The treatment of nail apparatus melanoma with Mohs micrographic surgery. Dermatol. Surg. 2001, 27, 269-273.


http://doi.org/10.1016/j.jaad.2019.07.017
http://www.ncbi.nlm.nih.gov/pubmed/31306728
http://doi.org/10.23736/S0392-0488.18.05791-7
http://www.ncbi.nlm.nih.gov/pubmed/29512974
http://doi.org/10.1056/NEJMc1706162
http://www.ncbi.nlm.nih.gov/pubmed/28745985
http://doi.org/10.3109/15569527.2012.740118
http://www.ncbi.nlm.nih.gov/pubmed/23153047
http://doi.org/10.1038/labinvest.2016.143
http://doi.org/10.1111/php.12377
http://doi.org/10.1111/j.1365-2133.1987.tb12014.x
http://doi.org/10.1111/ddg.14023
http://doi.org/10.1159/000488722
http://doi.org/10.1016/j.jaad.2017.11.051
http://doi.org/10.1111/jdv.13991
http://www.ncbi.nlm.nih.gov/pubmed/27696528
http://doi.org/10.1016/j.det.2014.12.002
http://www.ncbi.nlm.nih.gov/pubmed/25828711
http://doi.org/10.1111/jdv.14568
http://www.ncbi.nlm.nih.gov/pubmed/28850750
http://doi.org/10.1016/j.jaad.2015.09.034
http://doi.org/10.1111/ced.13323
http://doi.org/10.1001/archdermatol.2011.136
http://doi.org/10.1093/ajcp/aqz209
http://doi.org/10.1111/jdv.15036

J. Clin. Med. 2021, 10, 478 12 0f 15

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Lieberherr, S.; Cazzaniga, S.; Haneke, E.; Hunger, R.E.; Seyed Jafari, S.M. Melanoma of the nail apparatus: A systematic review
and meta-analysis of current challenges and prognosis. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 967-976. [CrossRef]

Dika, E.; Patrizi, A.; Fanti, PA.; Chessa, M.A.; Reggiani, C.; Barisani, A.; Piraccini, B.M. The Prognosis of Nail Apparatus
Melanoma: 20 Years of Experience from a Single Institute. Dermatology (Basel) 2016, 232, 177-184. [CrossRef] [PubMed]
Hayward, N.K.; Wilmott, ].S.; Waddell, N.; Johansson, P.A.; Field, M.A.; Nones, K.; Patch, A.; Kakavand, H.; Alexandrov, L.B.;
Burke, H.; et al. Whole-genome landscapes of major melanoma subtypes. Nature 2017, 545, 175-180. [CrossRef] [PubMed]
Darmawan, C.C.; Jo, G.; Montenegro, S.E.; Kwak, Y.; Cheol, L.; Cho, K.H.; Mun, J. Early detection of acral melanoma: A review
of clinical, dermoscopic, histopathologic, and molecular characteristics. J. Am. Acad. Dermatol. 2019, 81, 805-812. [CrossRef]
[PubMed]

Liang, W.S.; Hendricks, W.; Kiefer, ].; Schmidyt, J.; Sekar, S.; Carpten, J.; Craig, D.W.; Adkins, J.; Cuyugan, L.; Manojlovic, Z.; et al.
Integrated genomic analyses reveal frequent TERT aberrations in acral melanoma. Genome Res. 2017, 27, 524-532. [CrossRef]
[PubMed]

Zaremba, A.; Murali, R.; Jansen, P.; Moller, I; Sucker, A.; Paschen, A.; Livingstone, E.; Brinker, T.]J.; Hadaschik, E.; Franklin, C.; et al.
Clinical and genetic analysis of melanomas arising in acral sites. Eur. J. Cancer 2019, 119, 66-76. [CrossRef]

Yeh, L; Jorgenson, E.; Shen, L.; Xu, M.; North, ].P,; Shain, A.H.; Reuss, D.; Wu, H.; Robinson, W.A.; Olshen, A ; et al. Targeted
Genomic Profiling of Acral Melanoma. . Natl. Cancer Inst. 2019, 111, 1068-1077. [CrossRef] [PubMed]

Tate, J.G.; Bamford, S.; Jubb, H.C.; Sondka, Z.; Beare, D.M.; Bindal, N.; Flanagan, A.; Teague, J.; Futreal, P.A ; Stratton, M.R.; et al.
COSMIC: The Catalogue Of Somatic Mutations In Cancer. Nucleic Acids Res. 2019, 47, D941-D947. [CrossRef]

Lee, M.; Yoon, J.; Chung, Y.-J.; Lee, S.Y.; Choi, ].Y.; Shin, O.R.; Park, H.Y.; Bahk, W].; Yu, D.S.; Lee, Y.B. Whole-exome sequencing
reveals differences between nail apparatus melanoma and acral melanoma. J. Am. Acad. Dermatol. 2018, 79, 559-561.e1. [CrossRef]
Hodi, ES.; Corless, C.L.; Giobbie-Hurder, A.; Fletcher, J.A.; Zhu, M.; Marino-Enriquez, A.; Friedlander, P.; Gonzalez, R.; Weber, ].S.;
Gajewski, T.F; et al. Imatinib for Melanomas Harboring Mutationally Activated or Amplified KIT Arising on Mucosal, Acral, and
Chronically Sun-Damaged Skin. J. Clin. Oncol. 2013, 31, 3182-3190. [CrossRef]

Guo, J.; Si, L.; Kong, Y.; Flaherty, K.T; Xu, X.; Zhu, Y.; Corless, C.L.; Li, L.; Li, H.; Sheng, X.; et al. Phase II, Open-Label, Single-Arm
Trial of Imatinib Mesylate in Patients With Metastatic Melanoma Harboring c-Kit Mutation or Amplification. J. Clin. Oncol. 2011,
29, 2904-2909. [CrossRef]

Shoushtari, A.N.; Munhoz, R.R.; Kuk, D.; Ott, P.A.; Johnson, D.B.; Tsai, K.K.; Rapisuwon, S.; Eroglu, Z.; Sullivan, R.J.; Luke, ].]; et al.
The efficacy of anti-PD-1 agents in acral and mucosal melanoma: PD-1 in Acral or Mucosal Melanoma. Cancer 2016, 122, 3354-3362.
[CrossRef] [PubMed]

Namin, A.W.; Cornell, G.E.; Thombs, L.A.; Zitsch, R.P. Patterns of recurrence and retreatment outcomes among clinical stage I
and IT head and neck melanoma patients. Head Neck 2019, 41, 1304-1311. [CrossRef] [PubMed]

Unsal, A.A,; Patel, V.R.; Chung, S.Y.; Zhou, A.H.; Baredes, S.; Eloy, J].A. Head and neck sweat gland adenocarcinoma: A
population-based perspective of a rare entity: Head and Neck Sweat Gland Adenocarcinoma. Laryngoscope 2017, 127, 2757-2762.
[CrossRef] [PubMed]

Conley, ].J. Management of malignant tumors of the scalp. Ann. N. Y. Acad. Sci. 1964, 114, 976-984. [CrossRef]

Xie, C.; Pan, Y.; McLean, C.; Mar, V.; Wolfe, R.; Kelly, ].W. Scalp melanoma: Distinctive high risk clinical and histological features.
Australas. J. Dermatol. 2017, 58, 181-188. [CrossRef]

Pillemer, B.B.L.; Pugliano-Mauro, M.A.; Ferris, L.K.; Patton, T.J. Three cases of scalp melanomas discovered by hairdressers.
J. Clin. Aesthet. Dermatol. 2013, 6, 32-34.

Torres, E.; Fabbrocini, G.; Hirata, S.H.; Yamada, S.; De Vita, V.; Annunziata, M.C.; Tosti, A. Dermoscopy of Scalp Melanoma:
Report of Three Cases. Cancers 2010, 2, 1597-1601. [CrossRef]

Tiodorovic-Zivkovic, D.; Zalaudek, I.; Lallas, A.; Stratigos, A.; Piana, S.; Argenziano, G. The importance of gray color as a
dermoscopic clue in facial pigmented lesion evaluation: A case report. Dermatol. Pract. Concept. 2013, 3. [CrossRef]

Tschand]l, P.; Rosendahl, C.; Kittler, H. Dermatoscopy of flat pigmented facial lesions. J. Eur. Acad. Dermatol. Venereol. 2015, 29,
120-127. [CrossRef]

Howard, M.D.; Wee, E.; Wolfe, R.; McLean, C.A ; Kelly, ].W.; Pan, Y. Anatomic location of primary melanoma: Survival differences
and sun exposure. J. Am. Acad. Dermatol. 2019, 81, 500-509. [CrossRef]

Pozdnyakova, O.; Grossman, J.; Barbagallo, B.; Lyle, S. The hair follicle barrier to involvement by malignant melanoma.
Cancer 2009, 115, 1267-1275. [CrossRef]

Dika, E.; Veronesi, G.; Misciali, C.; Corti, B.; Dika, L; Riefolo, M.; Scarfi, F; Lambertini, M.; Patrizi, A. Malignant Melanoma Cells
and Hair Follicles. Am. |. Clin. Pathol. 2019, 152, 109-114. [CrossRef] [PubMed]

Tjarks, B.J.; Somani, N.; Piliang, M.; Bergfeld, W.F. A proposed classification for follicular involvement by melanoma: Patterns of
follicular involvement by melanoma. J. Cutan. Pathol. 2017, 44, 45-52. [CrossRef] [PubMed]

Connolly, K.L.; Giordano, C.; Dusza, S.; Busam, K.J.; Nehal, K. Follicular involvement is frequent in lentigo maligna: Implications
for treatment. J. Am. Acad. Dermatol. 2019, 80, 532-537. [CrossRef] [PubMed]

Cook, M.G,; Spatz, A.; Brocker, E.-B.; Ruiter, D.]. Identification of histological features associated with metastatic potential in
thin (<1.0 mm) cutaneous melanoma with metastases. A study on behalf of the EORTC Melanoma Group: Histological features
as-sociated with metastatic potential in thin (<1.0 mm) cutaneous melanoma with metastases. J. Pathol. 2002, 197, 188-193.
[CrossRef]


http://doi.org/10.1111/jdv.16121
http://doi.org/10.1159/000441293
http://www.ncbi.nlm.nih.gov/pubmed/26771575
http://doi.org/10.1038/nature22071
http://www.ncbi.nlm.nih.gov/pubmed/28467829
http://doi.org/10.1016/j.jaad.2019.01.081
http://www.ncbi.nlm.nih.gov/pubmed/30731177
http://doi.org/10.1101/gr.213348.116
http://www.ncbi.nlm.nih.gov/pubmed/28373299
http://doi.org/10.1016/j.ejca.2019.07.008
http://doi.org/10.1093/jnci/djz005
http://www.ncbi.nlm.nih.gov/pubmed/30657954
http://doi.org/10.1093/nar/gky1015
http://doi.org/10.1016/j.jaad.2018.02.019
http://doi.org/10.1200/JCO.2012.47.7836
http://doi.org/10.1200/JCO.2010.33.9275
http://doi.org/10.1002/cncr.30259
http://www.ncbi.nlm.nih.gov/pubmed/27533633
http://doi.org/10.1002/hed.25562
http://www.ncbi.nlm.nih.gov/pubmed/30629324
http://doi.org/10.1002/lary.26593
http://www.ncbi.nlm.nih.gov/pubmed/28397272
http://doi.org/10.1111/j.1749-6632.1964.tb41018.x
http://doi.org/10.1111/ajd.12437
http://doi.org/10.3390/cancers2031597
http://doi.org/10.5826/dpc.0304a09
http://doi.org/10.1111/jdv.12483
http://doi.org/10.1016/j.jaad.2019.04.034
http://doi.org/10.1002/cncr.24117
http://doi.org/10.1093/ajcp/aqz029
http://www.ncbi.nlm.nih.gov/pubmed/31165166
http://doi.org/10.1111/cup.12851
http://www.ncbi.nlm.nih.gov/pubmed/27778368
http://doi.org/10.1016/j.jaad.2018.07.071
http://www.ncbi.nlm.nih.gov/pubmed/30266559
http://doi.org/10.1002/path.1093

J. Clin. Med. 2021, 10, 478 13 0f 15

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Scolyer, R.A.; Judge, M.].; Evans, A.; Frishberg, D.P,; Prieto, V.G.; Thompson, J.E; Trotter, M.].; Walsh, M.Y.; Walsh, N.M.;
Ellis, D.W.; et al. Data Set for Pathology Reporting of Cutaneous Invasive Melanoma: Recommendations From the International
Collaboration on Cancer Reporting (ICCR). Am. . Surg. Pathol. 2013, 37, 1797-1814. [CrossRef]

Dika, E.; Lambertini, M.; Patrizi, A.; Misciali, C.; Altimari, A.; Fiorentino, M.; Melotti, B.; Corti, B.; Riefolo, M.; Veronesi, G.
Frequency of somatic mutations in head and neck melanoma: A single institution experience. Pigment Cell Melanoma Res. 2020,
33, 515-517. [CrossRef]

Tas, F; Erturk, K. Scalp melanoma is associated with high mitotic rate and is a poor prognostic factor for recurrence and outcome.
Melanoma Res. 2017, 27, 387-390. [CrossRef]

Su, A,; Low, L.; Li, X.; Zhou, S.; Mascarenhas, L.; Barnhill, R.L. De Novo Congenital Melanoma: Analysis of 2 Cases With Array
Comparative Genomic Hybridization. Am. J. Dermatopathol. 2014, 36, 915-919. [CrossRef]

Hocker, T.L.; Singh, M.K.; Tsao, H. Melanoma Genetics and Therapeutic Approaches in the 21st Century: Moving from the
Benchside to the Bedside. J. Investig. Dermatol. 2008, 128, 2575-2595. [CrossRef]

Williams, M.D. Update from the 4th Edition of the World Health Organization Classification of Head and Neck Tumours: Mucosal
Melanomas. Head Neck Pathol. 2017, 11, 110-117. [CrossRef] [PubMed]

Patrick, R.J.; Fenske, N.A.; Messina, J.L. Primary mucosal melanoma. J. Am. Acad. Dermatol. 2007, 56, 828-834. [CrossRef]
[PubMed]

Ascierto, P.A.; Accorona, R.; Botti, G.; Farina, D.; Fossati, P.; Gatta, G.; Gogas, H.; Lombardi, D.; Maroldi, R.; Nicolai, P; et al.
Mucosal melanoma of the head and neck. Crit. Rev. Oncol. Hematol. 2017, 112, 136-152. [CrossRef] [PubMed]

Hicks, M.].; Flaitz, C.M. Oral mucosal melanoma: Epidemiology and pathobiology. Oral Oncol. 2000, 36, 152-169. [CrossRef]
Warszawik-Hendzel, O.; Stowiriska, M.; Olszewska, M.; Rudnicka, L. Melanoma of the oral cavity: Pathogenesis, dermoscopy,
clinical features, staging and management. J. Dermatol. Case Rep. 2014, 8, 60. [CrossRef]

Olszewska, M.; Banka, A.; Gorska, R.; Warszawik, O. Dermoscopy of pigmented oral lesions. J. Dermatol. Case Rep. 2008, 2, 43.
[CrossRef]

McLean, N.; Tighiouart, M.; Muller, S. Primary mucosal melanoma of the head and neck. Comparison of clinical presentation and
histopathologic features of oral and sinonasal melanoma. Oral Oncol. 2008, 44, 1039-1046. [CrossRef]

Lambertini, M.; Patrizi, A.; Fanti, P.A.; Melotti, B.; Caliceti, U.; Magnoni, C.; Misciali, C.; Baraldi, C.; Ravaioli, G.M.; Dika, E. Oral
melanoma and other pigmentations: When to biopsy? J. Eur. Acad. Dermatol. Venereol. 2018, 32, 209-214. [CrossRef]

Kahn, M.A.; Weathers, D.R.; Hoffman, J.G. Transformation of a benign oral pigmentation to primary oral melanoma. Oral Surg.
Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2005, 100, 454-459. [CrossRef]

Ballester Sanchez, R.; de Unamuno Bustos, B.; Navarro Mira, M.; Botella Estrada, R. Actualizacion en melanoma mucoso.
Actas Dermo-Sifiliogrdficas 2015, 106, 96-103. [CrossRef]

De Piano, E.; Cinotti, E.; Tognetti, L.; Rubegni, P. Commentary on ‘Oral melanoma and other pigmentations: When to biopsy’?
J. Eur. Acad. Dermatol. Venereol. 2018, 32, €398-e399. [CrossRef] [PubMed]

Dika, E.; Lambertini, M. Reply to the commentary on ‘Oral melanoma and other pigmentations: When to biopsy’? |. Eur. Acad.
Dermatol. Venereol. 2018, 32, €399. [CrossRef] [PubMed]

Hajar-Serviansky, T.; Gutierrez-Mendoza, D.; Galvan, IL.; Lammoglia-Ordiales, L.; Mosqueda-Taylor, A.; Hernandez-
Cazares, M.L.; Toussaint-Caire, S. A case of oral mucosal melanoma. Clinical and dermoscopic correlation. J. Dermatol. Case Rep.
2012, 6, 1. [CrossRef] [PubMed]

Lambertini, M.; Patrizi, A.; Ravaioli, G.M.; Dika, E. Oral pigmentation in physiologic conditions, post-inflammatory affections
and systemic diseases. G. Ital. Dermatol. Venereol. 2018, 153, 666—671. [CrossRef] [PubMed]

Feller, L.; Khammissa, R.A.G.; Lemmer, J. A Review of the Aetiopathogenesis and Clinical and Histopathological Features of Oral
Mucosal Melanoma. Sci. World J. 2017, 2017, 9189812. [CrossRef]

Wu, Y,; Zhong, Y.; Li, C.; Song, H.; Guo, W.; Ren, G. Neck dissection for oral mucosal melanoma: Caution of nodular lesion. Oral
Oncol. 2014, 50, 319-324. [CrossRef]

Keung, E.Z.; Gershenwald, J.E. The eighth edition American Joint Committee on Cancer (AJCC) melanoma staging system:
Implications for melanoma treatment and care. Exp. Rev. Anticancer Ther. 2018, 18, 775-784. [CrossRef]

Krengli, M.; Masini, L.; Kaanders, ].H.A.M.; Maingon, P.; Oei, S.B.; Zouhair, A.; Ozyar, E.; Roelandts, M.; Amichetti, M.;
Bosset, M.; et al. Radiotherapy in the treatment of mucosal melanoma of the upper aerodigestive tract: Analysis of 74 cases. A
Rare Cancer Network study. Int. J. Radiat. Oncol. Biol. Phys. 2006, 65, 751-759. [CrossRef]

Medina, J.E.; Ferlito, A.; Pellitteri, PK.; Shaha, A.R.; Khafif, A.; Devaney, K.O.; Fisher, S.R.; O’Brien, C.J.; Byers, RM.; Rob-
bins, K.T.; et al. Current management of mucosal melanoma of the head and neck. J. Surg. Oncol. 2003, 83, 116-122. [CrossRef]
Song, H.; Wang, L.; Lyu, J.; Wu, Y.; Guo, W.; Ren, G. Loss of nuclear BAP1 expression is associated with poor prognosis in oral
mucosal melanoma. Oncotarget 2017, 8, 29080-29090. [CrossRef]

Zhou, R.; Shi, C,; Tao, W.; Li, ]J.; Wu, J.; Han, Y,; Yang, G.; Gu, Z,; Xu, S.; Wang, Y.; et al. Analysis of Mucosal Melanoma
Whole-Genome Landscapes Reveals Clinically Relevant Genomic Aberrations. Clin. Cancer Res. 2019, 25, 3548-3560. [CrossRef]
Lyu, J.; Song, Z.; Chen, J.; Shepard, M.].; Song, H.; Ren, G.; Li, Z.; Guo, W.; Zhuang, Z.; Shi, Y. Whole-exome sequencing of oral
mucosal melanoma reveals mutational profile and therapeutic targets: WES of OMM reveals genomic alterations. J. Pathol. 2018,
244, 358-366. [CrossRef] [PubMed]


http://doi.org/10.1097/PAS.0b013e31829d7f35
http://doi.org/10.1111/pcmr.12864
http://doi.org/10.1097/CMR.0000000000000351
http://doi.org/10.1097/DAD.0000000000000128
http://doi.org/10.1038/jid.2008.226
http://doi.org/10.1007/s12105-017-0789-y
http://www.ncbi.nlm.nih.gov/pubmed/28247222
http://doi.org/10.1016/j.jaad.2006.06.017
http://www.ncbi.nlm.nih.gov/pubmed/17349716
http://doi.org/10.1016/j.critrevonc.2017.01.019
http://www.ncbi.nlm.nih.gov/pubmed/28325255
http://doi.org/10.1016/S1368-8375(99)00085-8
http://doi.org/10.3315/jdcr.2014.1175
http://doi.org/10.3315/jdcr.2008.1015
http://doi.org/10.1016/j.oraloncology.2008.01.014
http://doi.org/10.1111/jdv.14574
http://doi.org/10.1016/j.tripleo.2005.01.018
http://doi.org/10.1016/j.ad.2014.04.012
http://doi.org/10.1111/jdv.15093
http://www.ncbi.nlm.nih.gov/pubmed/29846970
http://doi.org/10.1111/jdv.15092
http://www.ncbi.nlm.nih.gov/pubmed/29846969
http://doi.org/10.3315/jdcr.2012.1085
http://www.ncbi.nlm.nih.gov/pubmed/22514581
http://doi.org/10.23736/S0392-0488.17.05619-X
http://www.ncbi.nlm.nih.gov/pubmed/28421728
http://doi.org/10.1155/2017/9189812
http://doi.org/10.1016/j.oraloncology.2014.01.008
http://doi.org/10.1080/14737140.2018.1489246
http://doi.org/10.1016/j.ijrobp.2006.01.016
http://doi.org/10.1002/jso.10247
http://doi.org/10.18632/oncotarget.16175
http://doi.org/10.1158/1078-0432.CCR-18-3442
http://doi.org/10.1002/path.5017
http://www.ncbi.nlm.nih.gov/pubmed/29230811

J. Clin. Med. 2021, 10, 478 14 0f 15

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Mignard, C.; Deschamps Huvier, A.; Gillibert, A.; Duval Modeste, A.B.; Dutriaux, C.; Khammari, A.; Kramkimel, N.; Mortier, L.;
Marcant, P.; Lesimple, T.; et al. Efficacy of Inmunotherapy in Patients with Metastatic Mucosal or Uveal Melanoma. J. Oncol.
2018, 2018, 1908065. [CrossRef]

Maruyama, Y.; Sadahira, T.; Mitsui, Y.; Wada, K.; Tanimoto, R.; Kobayashi, Y.; Araki, M.; Watanabe, M.; Watanabe, T.; Nasu, Y.
Red nodular melanoma of the penile foreskin: A case report and literature review. Mol. Clin. Oncol. 2018, 9, 449—-452. [CrossRef]
Saglam, O.; Naqvi, S.M.H.; Zhang, Y.; Mesa, T.; Teer, ].K.; Yoder, S.; Lee, ]J.; Messina, J. Female genitourinary tract melanoma:
Mutation analysis with clinicopathologic correlation. Melanoma Res. 2018, 28, 586-591. [CrossRef] [PubMed]

Indini, A.; Di Guardo, L.; Cimminiello, C.; Lorusso, D.; Raspagliesi, F.; Del Vecchio, M. Investigating the role of immunotherapy
in advanced /recurrent female genital tract melanoma: A preliminary experience. J. Gynecol. Oncol. 2019, 30. [CrossRef]
Vaccari, S.; Barisani, A.; Dika, E.; Fanti, P.A.; Iaco, P.D.; Gurioli, C.; Tosti, G. Management and treatment of mucosal melanoma of
the genital tract. G. Ital. Dermatol. Venereol. 2017, 152, 270-273. [CrossRef] [PubMed]

Wohlmuth, C.; Wohlmuth-Wieser, I.; May, T.; Vicus, D.; Gien, L.T.; Laframboise, S. Malignant Melanoma of the Vulva and Vagina:
A US Population-Based Study of 1863 Patients. Am. . Clin. Dermatol. 2020, 21, 285-295. [CrossRef]

Scalvenzi, M.; Palmisano, F,; Russo, D.; Mascolo, M.; Costa, C. Melanoma of the glans penis successfully treated with topical
imiquimod: Dermoscopy usefulness in clinical monitoring and review of the literature. G. Ital. Dermatol. Venereol. 2017, 152,
663-668. [CrossRef]

Tan, A.; Bieber, A.K,; Stein, J.A.; Pomeranz, M K. Diagnosis and management of vulvar cancer: A review. |. Am. Acad. Dermatol.
2019, 81, 1387-1396. [CrossRef]

Vaccari, S.; Barisani, A.; Dika, E.; Fanti, PA.; D’antuono, A.; Gaspari, V.; Tosti, G.; Patrizi, A. Genital bowenoid papulosis: The
variegated dermoscopic features. G. Ital. Dermatol. Venereol. 2018, 153, 595-597. [CrossRef] [PubMed]

Gadducci, A.; Carinelli, S.; Guerrieri, M.E.; Aletti, G.D. Melanoma of the lower genital tract: Prognostic factors and treatment
modalities. Gynecol. Oncol. 2018, 150, 180-189. [CrossRef] [PubMed]

Bittar, ].M.; Bittar, P.G.; Wan, M.T.; Kovell, R.C.; Guzzo, T.].; Shin, T.M.; Etzkorn, ].R.; Sobanko, ].F,; Miller, C.J. Systematic Review
of Surgical Treatment and Outcomes After Local Surgery of Primary Cutaneous Melanomas of the Penis and Scrotum. Dermatol.
Surg. 2018, 44, 1159-1169. [CrossRef] [PubMed]

Dika, E.; Fanti, P.A.; Patrizi, A.; Christman, H.; Baraldi, C.; Lambertini, M. Unsuccessful treatment of penile intraepithelial
neoplasia with Mohs micrographic surgery. G. Ital. Dermatol. Venereol. 2019. [CrossRef]

van Geel, A.N.; den Bakker, M.A.; Kirkels, W.; Horenblas, S.; Kroon, B.B.R.; de Wilt, ] H.W.; Eggermont, A.M.; Mooi, W.].; van der
Aa, MLN. Prognosis of Primary Mucosal Penile Melanoma: A Series of 19 Dutch Patients and 47 Patients from the Literature.
Urology 2007, 70, 143-147. [CrossRef]

Furney, S.J.; Turajlic, S.; Stamp, G.; Nohadani, M.; Carlisle, A.; Thomas, ].M.; Hayes, A.; Strauss, D.; Gore, M.; van den Oord, J.;
et al. Genome sequencing of mucosal melanomas reveals that they are driven by distinct mechanisms from cutaneous melanoma:
Whole genome sequencing of mucosal melanoma. J. Pathol. 2013, 230, 261-269. [CrossRef]

Ombolt, K.; Grafstrom, E.; Kanter-Lewensohn, L.; Hansson, J.; Ragnarsson-Olding, B.K. KIT Pathway Alterations in Mucosal
Melanomas of the Vulva and Other Sites. Clin. Cancer Res. 2011, 17, 3933-3942. [CrossRef]

Heinzelmann-Schwarz, V.A.; Nixdorf, S.; Valadan, M.; Diczbalis, M.; Olivier, J.; Otton, G.; Fedier, A.; Hacker, N.F; Scurry, ].P. A
clinicopathological review of 33 patients with vulvar melanoma identifies c-KIT as a prognostic marker. Int. . Mol. Med. 2014, 33,
784-794. [CrossRef]

Tseng, D.; Kim, J.; Warrick, A.; Nelson, D.; Pukay, M.; Beadling, C.; Heinrich, M.; Selim, M.A; Corless, C.L.; Nelson, K. Oncogenic
mutations in melanomas and benign melanocytic nevi of the female genital tract. J. Am. Acad. Dermatol. 2014, 71, 229-236.
[CrossRef]

van Engen-van Grunsven, A.C.H.; Kiisters-Vandevelde, H.V.N.; De Hully, J.; van Duijn, L.M.; Rijntjes, J.; Bovée, [ VM.G.;
Groenen, P].T.A.; Blokxa, W.A.M. NRAS mutations are more prevalent than KIT mutations in melanoma of the female urogenital
tract—A study of 24 cases from the Netherlands. Gynecol. Oncol. 2014, 134, 10-14. [CrossRef]

Rouzbahman, M.; Kamel-Reid, S.; Al Habeeb, A.; Butler, M.; Dodge, J.; Laframboise, S.; Murphy, J.; Rasty, G.; Ghazarian, D.
Malignant Melanoma of Vulva and Vagina: A Histomorphological Review and Mutation Analysis—A Single-Center Study.
J. Lower Genit. Tract Dis. 2015, 19, 350-353. [CrossRef] [PubMed]

Udager, AM.; Frisch, N.K.; Hong, L.J.; Stasenko, M.; Johnston, C.M.; Liu, J.R.; Chan, M.P; Harms, PW.; Fullen, D.R;;
Orsini, A.; et al. Gynecologic melanomas: A clinicopathologic and molecular analysis. Gynecol. Oncol. 2017, 147, 351-357.
[CrossRef] [PubMed]

Wylomanski, S.; Denis, M.G.; Théoleyre, S.; Bouquin, R.; Vallée, A.; Knol, A.-C.; Saint-Jean, M.; Peuvrel, L.; Dréno, B.; Quéreux, G.
BRAF mutations might be more common than supposed in vulvar melanomas. Exp. Dermatol. 2018, 27, 210-213. [CrossRef]
[PubMed]

Zarei, S.; Voss, ].S.; Jin, L.; Jenkins, S.M.; Bryce, A.H.; Erickson, L.A.; Bell, D.A.; Kipp, B.R; Flotte, T.J. Mutational Profile in Vulvar,
Vaginal, and Urethral Melanomas: Review of 37 Cases with Focus on Primary Tumor Site. Int. ]. Gynecol. Pathol. 2020, 39, 587-594.
[CrossRef] [PubMed]

Oiso, N.; Sakai, K.; Yanagihara, S.; Nishio, K.; Kawada, A. Genital mucosal melanoma with somatic SF3B1 R625C mutation. Eur. J.
Dermatol. 2018, 28, 414-415. [CrossRef] [PubMed]


http://doi.org/10.1155/2018/1908065
http://doi.org/10.3892/mco.2018.1697
http://doi.org/10.1097/CMR.0000000000000480
http://www.ncbi.nlm.nih.gov/pubmed/30028779
http://doi.org/10.3802/jgo.2019.30.e94
http://doi.org/10.23736/S0392-0488.17.05573-0
http://www.ncbi.nlm.nih.gov/pubmed/28121085
http://doi.org/10.1007/s40257-019-00487-x
http://doi.org/10.23736/S0392-0488.16.04789-1
http://doi.org/10.1016/j.jaad.2019.07.055
http://doi.org/10.23736/S0392-0488.17.05736-4
http://www.ncbi.nlm.nih.gov/pubmed/29767494
http://doi.org/10.1016/j.ygyno.2018.04.562
http://www.ncbi.nlm.nih.gov/pubmed/29728261
http://doi.org/10.1097/DSS.0000000000001579
http://www.ncbi.nlm.nih.gov/pubmed/29985865
http://doi.org/10.23736/S0392-0488.18.06230-2
http://doi.org/10.1016/j.urology.2007.03.039
http://doi.org/10.1002/path.4204
http://doi.org/10.1158/1078-0432.CCR-10-2917
http://doi.org/10.3892/ijmm.2014.1659
http://doi.org/10.1016/j.jaad.2014.03.033
http://doi.org/10.1016/j.ygyno.2014.04.056
http://doi.org/10.1097/LGT.0000000000000142
http://www.ncbi.nlm.nih.gov/pubmed/26225944
http://doi.org/10.1016/j.ygyno.2017.08.023
http://www.ncbi.nlm.nih.gov/pubmed/28844540
http://doi.org/10.1111/exd.13472
http://www.ncbi.nlm.nih.gov/pubmed/29178146
http://doi.org/10.1097/PGP.0000000000000636
http://www.ncbi.nlm.nih.gov/pubmed/31567539
http://doi.org/10.1684/ejd.2018.3281
http://www.ncbi.nlm.nih.gov/pubmed/29624176

J. Clin. Med. 2021, 10, 478 150f 15

96.

97.

98.

99.

Napolitano, M.; Annessi, G.; Didona, D.; Didona, B. Multifocal melanoma in situ of the penis treated with topical Imiquimod.
J. Eur. Acad. Dermatol. Venereol. 2016, 30, 458-460. [CrossRef] [PubMed]

Baraziol, R.; Schiavon, M.; Fraccalanza, E.; De Giorgi, G. Melanoma in situ of penis: A very rare entity. Medicine 2017, 96, €7652.
[CrossRef]

Riefolo, M.; Porcellini, E.; Dika, E.; Broseghini, E.; Ferracin, M. Interplay between small and long non-coding RNAs in cutaneous
melanoma: A complex jigsaw puzzle with missing pieces. Mol. Oncol. 2019, 13, 74-98. [CrossRef]

Dika, E.; Riefolo, M.; Porcellini, E.; Broseghini, E.; Ribero, S.; Senetta, R.; Osella-Abate, S.; Scarfi, F.; Lambertini, M.;
Veronesi, G.; et al. Defining the prognostic role of microRNAs in cutaneous melanoma. J. Investig. Dermatol. 2020, 140, 2260-2267.
[CrossRef]


http://doi.org/10.1111/jdv.12835
http://www.ncbi.nlm.nih.gov/pubmed/25376867
http://doi.org/10.1097/MD.0000000000007652
http://doi.org/10.1002/1878-0261.12412
http://doi.org/10.1016/j.jid.2020.03.949

	Introduction 
	Cutaneous Melanomas at Uncommon Sites 
	Acral Melanomas 
	Scalp Melanomas 

	Mucosal Melanomas at Uncommon Sites 
	Oral Melanomas 
	Genital Melanomas 

	Conclusions 
	References

