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Abstract

Primary melanomas of the gastrointestinal tract are rare malignancies, repres-
enting less than 2% of all melanomas and 37% of mucosal melanomas. They arise
de novo from the mucosal gastrointestinal epithelium, most frequently in the
anorectum and esophagus. Their etiology is unclear: Unlike cutaneous mela-
nomas, they are not associated with ultraviolet exposure while genetic predis-
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position, chronic inflammation, and immune deficiency are among suspected risk factors. They show a relatively
low tumor mutational burden with KIT gene mutations being the most common alteration. Symptoms are based on
tumor location and may include abdominal pain, bleeding, weight loss, nausea and vomiting, difficulty swal-
lowing in esophageal melanomas, or bowel obstruction. The diagnosis relies on endoscopic studies and cross-
sectional imaging. Surgery represents the mainstay of treatment in localized disease and may also provide
palliation in more advanced stages. Due to their aggressive nature, adjunctive treatments such as immunotherapy
and targeted therapy are often employed while chemotherapy is of limited value. Prognosis is poor, with median
survival often below one year in more severe cases. Early detection and novel treatments, including cancer vac-
cines, immunotherapy combinations, and personalized medicine approaches, are promising to improve survival
and quality of life.
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Core Tip: Gastrointestinal primary melanomas are very rare, with literature comprised of isolated case reports and small
series. Compared with cutaneous melanoma, they display distinct molecular profiles, more aggressive clinical behavior,
poorer prognoses with less favorable response to systemic therapy. These tumors have been poorly researched, and, because
of their rarity, development of standardized management has been delayed. The present review shows all the relevant
domains, including epidemiology, etiology, molecular features, diagnosis, and therapy, offering a general profile of this
challenging and poorly studied disease.
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INTRODUCTION

Melanoma is a malignant neoplasm arising from melanocytes, pigment-producing cells primarily located in the skin.
Cutaneous melanoma accounts for most cases and has been extensively studied due to its increasing incidence
worldwide. Mucosal melanoma is a rare subtype of melanoma that arises in the mucous membranes lining internal
organs’ surface. Among them, primary melanoma of the gastrointestinal (GI) tract is an exceptionally rare entity,
comprising less than 2% of all melanomas and about one-third of mucosal melanomas. The GI tract is more commonly a
site of metastasis for cutaneous melanoma, making the diagnosis of a primary GI melanoma both unusual and contro-
versial[1-4].

The present review synthesizes current knowledge on primary GI melanomas, and comprehensively addresses
epidemiology, pathogenesis, molecular mechanisms, and genetic alterations, that may underlie their development,
anatomical distribution, clinical presentation across different segments of the GI tract, diagnostic approach, treatment
strategies, criteria used to confirm primary origin, prognostic outcomes, and future directions for research, including the
potential of emerging therapies and the importance of multicenter collaboration in further advancing clinical
understanding and improving patient outcomes.

To provide an updated and comprehensive overview, a literature search was conducted in PubMed and the Cochrane
Database with no language or time restrictions. When multiple articles addressing the same topic were identified, the
most recent studies were selected. Due to the paucity of available evidence, case reports and small series reports were
also included. This approach was considered appropriate, as the rarity of the condition results in a lack of high-level
evidence. By consolidating available evidence, we aim to clarify the unique features of this rare malignancy and highlight
the knowledge gaps that hinder early diagnosis and effective treatment.

EPIDEMIOLOGY AND RISK FACTORS

Primary GI melanoma is an exceedingly rare malignancy, accounting for a small fraction of all melanomas. Among
mucosal melanomas, which represent approximately 1%-2% of all melanomas, almost 37% arise in the GI tract.
Population-based studies have reported an incidence ranging from 0.36 to 0.58 cases per million, with a trend toward
increasing frequency over recent decades[3]. This rise may reflect improved diagnostic capabilities and heightened
clinical awareness, although the overall burden remains minimal compared to cutaneous melanoma. The anorectum is
the most frequently affected location, with case reports ranging from several hundred to over a thousand, according to
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institutional and registry data[5]. Esophagus and stomach show an intermediate incidence with 300 and 50 cases
respectively[6,7]. For colonic melanoma only 30 cases to 50 cases are reported after careful ruling out metastatic disease.
Small bowel localizations are more rare and only a few dozen cases described in the literature are truly primary[8]. A key
epidemiological distinction needs to be made between primary and metastatic GI melanomas. Metastatic involvement of
the GI tract is far more common, occurring in up to 60% of patients with advanced cutaneous melanoma. These secondary
lesions often present years after the initial diagnosis and are typically located in the small intestine, stomach, or colon[9].

Primary GI melanoma mostly affects older adults, with a median age of approximately 70 years at diagnosis. The
disease has a slight male predominance (approximately 56%), and most cases occur among non-Hispanic whites. There is
some geographic variation, with higher mucosal melanoma rates reported in Asian populations compared to Caucasians,
suggesting potential genetic or environmental influences. Interestingly, patients residing in non-metropolitan areas seem
to have worse outcomes, possibly due to delayed diagnosis and limited access to specialized care[10]. Risk factors are not
well defined. Unlike cutaneous melanoma, which is strongly associated with ultraviolet (UV) radiation exposure, UV
exposure plays no role in primary GI melanoma. Some studies have identified human immunodeficiency virus infection
as a potential risk factor for anorectal mucosal melanoma, likely due to immunosuppression. However, no clear environ-
mental or lifestyle-related risk factors have been consistently associated with primary GI melanoma, underscoring the
need for further etiological research[6,11,12].

PATHOGENESIS AND MOLECULAR MECHANISMS

The development of primary GI melanoma, particularly in the stomach, challenges traditional concepts regarding
melanocyte biology. Unlike cutaneous melanoma, which arises from melanocytes located in the epidermis, the GI tract is
not typically considered a site rich in melanocytic cells. However, histological studies have identified melanocytes in the
mucosa of the esophagus, stomach, and anorectum, even in healthy individuals, at rates up to 8% in some populations|[7].
This supports the potential for de novo melanocytic transformation within the GI tract. Current hypotheses suggest that
primary GI melanoma may arise from ectopic melanocytes, or their precursors, that aberrantly migrated from the neural
crest during embryogenesis. Another hypothesis suggests that APUD cells, neuroendocrine cells of neural crest origin,
may differentiate into melanocytes under certain conditions, though the exact biological process remains unclear. A third
possibility involves Schwannian neuroblast cells, which also originate from the neural crest and contribute to the
autonomic innervation of the gut. These cells may undergo malignant transformation into melanoma. Supporting this
idea is the observation of melanosis in the upper GI tract of patients with rectal melanoma, indicating a potential pre-
existing melanocytic substrate capable of neoplastic change[6].

From a molecular point of view, primary GI melanomas exhibit a distinct genetic profile compared to cutaneous
melanoma[13]. Whole genome/exome studies demonstrate that mucosal melanoma shows a relatively low tumor
mutational burden and lack UV radiation signature. They present instead a high number of structural variants and copy-
number alteration[14]. Additionally, frequencies of mutations vary according to anatomical locations and accounts for
30%-40% of cases, being higher in anorectal districts. KIT mutations are the most frequent driving events, particularly in
anorectal melanoma, ranging from 15% to 40%. In approximately 10%-20% of cases NRAS mutations are present and are
reported as the most common in the esophagus in approximately 33% of cases. BRAF mutations are rare (5%-10%) and
mainly found in gastric and small bowel melanomas. NF1 and SF3B1 mutations have also been identified in subsets of
cases. This mutational pattern is very different from that seen in cutaneous melanoma, where BRAF V6000E prevails.
Other genetic alterations include cyclin-dependent kinase pathway dysregulation, with amplification of cyclin D1 and
loss of cyclin-dependent kinase inhibitor 2A, implicated in mucosal melanoma pathogenesis and platelet-derived growth
factor receptor o expression, more common in mucosal than UV-related melanomas, suggesting alternative oncogenic
pathways[15-19].

These findings further emphasize the molecular heterogeneity of mucosal melanomas and highlight the need for
genotyping in guiding personalized treatments. The distinct genetic landscape also reiterates that mucosal melanoma
follows a different oncogenic trajectory than its cutaneous counterpart, with implications for both diagnosis and therapy.
Table 1 compares epidemiology, pathogenesis, molecular features, and clinical outcomes of cutaneous and mucosal/GI
melanomas.

HISTOLOGY AND HIMMUNOHISTOCHEMICAL MARKERS

Primary GI melanomas arise from the mucosal or submucosal layer and may appear as polypoid, ulcerated, or infiltrative
masses, often with variable pigmentation. Microscopically they are composed of sheets and large nodules of pleomorphic
epithelioid cells or, less commonly, spindle-shaped or ovoid cells. The nuclei contain nucleoli and vesicular chromatin.
The presence of an adjacent intraepithelial or superficially invasive component of atypical melanocytes supports a
mucosal primary. Less frequently a lentiginous proliferation showing single atypical melanocytes along basal layer may
be seen, occasionally accompanied by nests of confluent growth[20]. Primary GI melanomas often display an in-situ
component characterized by junctional melanocytic proliferation or pagetoid spread within the overlying mucosa,
findings that are absent in metastatic deposits, which typically reside in the submucosa or deeper layers without
epithelial involvement. Demonstration of an in-situ component is considered the strongest histological evidence of a
primary origin.
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Table 1 Comparison between cutaneous and mucosal/gastrointestinal melanoma

Feature Cutaneous melanoma Mucosal/Gl melanoma

Incidence >90% of all melanomas. Increasing global incidence 1%-2% of melanomas; GI primaries < 0.5%
(approximately 25/100000)

Typical sites Skin (trunk, extremities, head-neck) Anorectum (55%-60%), esophagus (10%-15%), stomach (10%-
12%), small bowel (5%-8%), colon (3%-5%)

Etiologic factors Strongly related to UV exposure and intermittent Not related to UV radiation; may derive from ectopic
sunburns; BRAF-driven oncogenesis common melanocytes or APUD/Schwannian precursors

Median age at diagnosis ~ 55-60 years Approximately 70 years

Gender distribution Slight male predominance Similar or slightly male-predominant

Clinical presentation Visible or pigmented skin lesion; early detection frequent ~ Non-specific GI symptoms (bleeding, anemia, obstruction, pain);

diagnosis often delayed

Stage at diagnosis Approximately 80% localized; 10%-15% metastatic < 35% localized; majority advanced or metastatic

Median OS Localized > 10 years; stage IV ~ 20-30 months (immuno- Median 14-20 months overall; < 6 months for gastric, approx-
therapy era) imately 24 months for anorectal

Prognosis Significantly improved with immunotherapy (5-year OS~  Poorer outcomes due to late diagnosis and intrinsic aggress-
52% in CheckMate-067) iveness; 5-year OS < 20%

Histopathology Often pigmented, epidermal origin, radial/vertical growth Frequently amelanotic, submucosal, polypoid or ulcerated; high
phases mitotic index

Molecular profile BRAF (40%-50%), NRAS (15%-25%), NF1 (10%), KIT rare ~ KIT (15%-40%), NRAS (10%-20%), BRAF (5%-10%), NF1 (10%-
(<3%) 15%), SF3B1 (5%-10%)

Tumor mutational burden High; UV-signature mutations frequent Low; structural /copy-number variations

Response to immuno- High (ORR = 40%-60%, OS: 20 months to > 50 months) Lower (ORR = 20%-30%, OS: 11-16 months)

therapy

Targeted therapy options BRAF/MEK inhibitors (dabrafenib, trametinib, KIT inhibitors (imatinib, nilotinib); rare BRAF-targeted cases
vemurafenib)

Main causes of death Distant metastases (lung, brain, liver) Distant metastasis (liver, peritoneum)

Molecular testing BRAF testing standard for advanced disease Mandatory KIT, NRAS, BRAF, and NF1 sequencing for all cases

recommendation

GI: Gastrointestinal; UV: Ultraviolet; OS: Overall survival; ORR: Objective response rate.

Melanin production is variable but usually at least locally present within both melanoma cells and background
macrophages. Immunohistochemical staining is essential for diagnosis, particularly for amelanotic variants. 5100 is the
most sensitive marker, while HMB-45, PRAME, Melan-A (MART-1), and SOX10 are commonly used. SOX10 is partic-
ularly sensitive and specific for melanocytic lineage and CD117 being more frequent in mucosal melanoma. Ki-67 is
typically elevated, reflecting the tumor’s high proliferative index. In amelanotic variants, these markers are particularly
valuable to differentiate melanoma from poorly differentiated carcinoma, lymphoma, or GI stromal tumor[21,22].
Ultrastructural features, such as the presence of pre-melanosomes on electron microscopy, can confirm melanocytic origin
when immunohistochemistry is equivocal.

Differential diagnosis between primary GI melanoma and metastatic melanoma is a challenge. Melanoma should be
tested for BRAF and KIT mutations. BRAF V600E mutations favor a cutaneous origin, whereas the predominance of KIT
or NRAS mutations, together with a low tumor mutational burden, without a UV radiation signature, numerous
chromosomal structural variants and abundant copy-number changes, including multiple high-level amplifications,
supports a mucosal or primary GI melanoma phenotype[23].

Integration of histological, immunophenotypic, and molecular data remains essential for accurate classification and for
guiding therapeutic decisions. Currently, American Joint Committee on Cancer (AJCC) staging system does not include
mucosal melanomas of the GI tract, and therefore no specific tumor-node-metastasis classification is available for these
tumors. In the 8" edition of the AJCC staging system, the classification is limited to mucosal melanoma of the head and
neck within the upper aerodigestive tract. Consequently, the AJCC criteria cannot be fully applied to GI melanomas.
Pathological report should describe parameters such as tumor size, tumor mitotic rate, ulceration, BRAF mutation status,
margin involvement, invasion of surrounding tissues, and the number, size and status of the resected lymph-nodes. For
mucosal melanoma of the upper airways, the AJCC system does not include T1-2 categories and local extent is cate-
gorized as T3 or T4. Since there is no clear different outcome based on number of positive nodes a dichotomous categori-
zation (T-, T+) has been adopted[24]. However, Zeng et al[25], analyzing 991 patients with GI melanomas from a SEER
database, demonstrated that the ratio between positive lymph nodes and total number of retrieved lymph nodes, was a
significant prognostic factor. Patients with a high ratio (> 20%) showed significant worse survival compared with those
with low ratio (< 20%)[25]. These findings underscore the need to refine the current staging system for primary GI me-
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lanomas by incorporating prognostically relevant parameters. A GI mucosal melanoma dataset, including factors such as
site, local extent, margin status, lymph node ratio, distant spread, and molecular profile, should be implemented to
improve prognostic accuracy and assign patients to risk groups that could be validated prospectively.

CLINICAL PRESENTATION

Primary GI melanomas pose a diagnostic challenge due to their symptoms overlap with more common GI disorders.
Patients may remain asymptomatic until the tumor progresses. GI bleeding is the most frequent presenting sign.
Depending on tumor location hematemesis or melena may occur. Occult bleeding, leading to iron-deficiency anemia, is
also frequently observed, which may result in malaise and persistent fatigue. A case series reported GI bleeding in 57.1%
of primary cases and in 70.4% of metastatic ones[26,27]. Abdominal pain is also very common, reported in up to 64% of
cases[28,29]. Other common symptoms include unexplained and progressive weight loss, dyspepsia, loss of appetite,
nausea and vomiting. Dysphagia may be an early symptom in case of esophagus involvement[30] while gastric
melanoma may present with anorexia, vomiting and weight loss[6]. In case of small bowel melanoma, intestinal
obstruction and intussusception may occur with melanoma being the lead point[31]. Bowel perforation has also been
exceptionally reported as a possible emergent presentation[29]. These severe complications may prompt urgent clinical
attention. Because of the nonspecific nature of these symptoms, diagnosed is often delayed.

DIAGNOSIS

Instrumental diagnosis plays a crucial role in identifying the site of origin, characterizing the lesion, and staging the
disease. The most useful modalities include endoscopy with biopsy, contrast-enhanced computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography-CT (PET-CT). Given that GI bleeding represents
the most frequent presenting symptom, endoscopic evaluation is typically undertaken to identify the source. Endoscopy
provides direct visualization and tissue sampling. When standard esophagogastroduodenoscopy and colonoscopy cannot
identify any lesion the entire GI tract can be investigated with capsule enteroscopy (CE) and/or balloon assisted
enteroscopy while cross-sectional imaging (CT, MRI) and PET-CT are essential for staging and for excluding cutaneous or
ocular primaries[5,32].

Site specific diagnostic features

Esophagus: Primary esophageal melanoma usually presents as submucosal or polypoid mass with moss on the surface,
melanin pigmentation or amelanotic, with or without ulceration. A case of discoloration in the mid-distal esophagus
without any obvious mass has been also described[25]. Endoscopic ultrasound is frequently employed to assess the depth
of invasion and involvement of periesophageal lymph nodes, thus providing valuable staging information[32].

Stomach: Lesions are often detected incidentally during upper endoscopy performed for nonspecific symptoms.
Endoscopically, they may appear as pigmented ulcerated masses, with sharp edges, although amelanotic variants, which
resemble adenocarcinoma or GI stromal tumors, are not uncommon. More rarely multiple small black nodules or
umbilicated gastric ulcer have been reported[27].

Small bowel: The diagnosis is particularly challenging because of limited endoscopic access. CE has a better resolution
than conventional CT, allowing a better surgical planning[33]. Balloon-assisted enteroscopy is also valuable for direct
visualization of the mucosa and tissue sampling. CT or MR enterography plays a central role in assessing mural infilt-
ration and extraluminal extension[33].

Colon: Primary melanoma appears at colonoscopy as polypoid or ulcerated lesions, but most of them are amelanotic,
which complicates the diagnosis. Biopsy followed by immunohistochemistry is therefore essential to confirm the
diagnosis[34].

Anorectal: Clinical suspicion is often delayed as lesions may mimic benign conditions such as hemorrhoids or anal
fissures. Endoscopy and digital rectal examinations generally reveal a pigmented polypoid or ulcerated mass, taking the
shape of spots, patches, or sheets (Figure 1). In other cases, no melanion pigmentation is observed with lump-type lesions
with superficial ulcer covered with yellow moss and little bleeding[32]. Pelvic MRI is the gold standard for local staging,
as it provides high-resolution assessment of tumor extension and mesorectal and inguinal lymph node involvement[35].

Fluorodeoxyglucose PET (FDG-PET) or PET/CT, are recommended for staging and follow-up of patients with III and
IV cutaneous melanomal36] but their role in primary GI melanoma is less defined. In the GI tract, PET can support the
diagnosis of primary lesions by excluding other primary sites[37]. For staging, FDG-PET has demonstrated superior
sensitivity compared to conventional imaging in identifying nodal and distant metastases, also revealing occult
metastases[38,39]. Limitations include false positives due to inflammatory conditions and reduced sensitivity for small-
volume nodal disease[40].

Brain metastases appear less common in mucosal melanoma compared with cutaneous melanoma; a recent meta-
analysis reported an incidence of brain metastasis at diagnosis, of 9.4% among 96 mucosal melanoma patients. Due to the
low number and lack of high-quality evidence, no recommendations are available in guidelines for the decision on when
imaging the brain in mucosal melanomal[41]. However, if radical resection is considered, brain MRI should be always
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Figure 1 Mucosal anal melanoma, transanal view. The lesion, indicated by a white arrow, appears as dark, irregularly pigmented mass.

performed.

Distinguishing a primary GI melanoma from a metastatic lesion remains one of the greatest diagnostic challenges. A
diagnosis of primary origin requires a multidisciplinary approach integrating clinical, radiologic, histologic, and
molecular data. Clinically, the absence of any previous or concurrent cutaneous, ocular, or other mucosal melanoma must
be confirmed through a full skin examination and ophthalmologic evaluation. Radiologically, whole-body FDG-PET/CT
is essential to exclude other primary sites. Histologically, the demonstration of an intraepithelial component or junctional
melanocytic proliferation within the mucosa overlying the tumor represents the most reliable evidence of a primary
origin. Immunohistochemistry supports the diagnosis by confirming melanocytic lineage, while molecular profiling helps
exclude metastatic disease from cutaneous melanoma. The integration of these elements allows a stepwise diagnostic
approach, summarized in Figure 2.

PROGNOSIS AND DISEASE BEHAVIOUR

Primary GI melanomas tend to present at advanced stage and are therefore associated with poor survival outcomes[42].
According to a SEER database, including 1080 patients diagnosed between 1975 and 2016, only 32.7% of primary GI
melanoma had localized disease at presentation, while 24.7% and 30.8% had regional spread and distant metastasis
respectively. The higher rate of metastatic involvement was seen in gastric (53.8%) and small intestinal melanoma (50%)
[3].

Across all GI sites, systemic recurrence represents the predominant pattern of failure, while local or regional relapse is
comparatively uncommon. Distant metastases, particularly to the liver, lungs, and peritoneum, occur in more than half of
patients, often within the first 12-18 months after resection[3,12,42,43]. Median overall survival (OS) varies according to
tumor location, ranging from 10-15 months for esophageal and gastric melanoma to 12-24 months for small bowel,
colonic, and anorectal lesions, with 5-year survival rarely exceeding 20%. Table 2 summarizes the frequency and survival
outcomes of primary GI melanoma by site.

When contextualized within the broader spectrum of mucosal melanomas, primary GI melanomas show survival
outcomes and therapeutic challenges comparable to, and in some cases worse than, other mucosal sites. Al-Haseni et al
[43] reported a 26.4 months, 43.9 months, and 19.5 months median survival for head and neck, genitourinary and GI
cases, respectively. Sinonasal and vulvovaginal melanomas typically present at a locally advanced or metastatic stage and
similarly carry a poor prognosis, with 5-year survival consistently below 20%. Genitourinary mucosal melanomas appear
to have slightly better survival (median OS ~ 20-26 months) than GI and sinonasal subtypes, although still inferior to
cutaneous disease[44].
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Table 2 Epidemiology and survival outcome of primary gastrointestinal melanomas

Site Relative frequency Median OS (months)
Anorectum 50%-60% 18-24

Esophagus 8%-12% 10-15

Stomach 7%-10% Approximately 6
Small bowel 7%-9% 12-24

Colon 3%-5% 15-20

OS: Overall survival.

Diagnostic algorithm Therapeutic algorithm

Clinical evaluation ‘ Localized disease

Hystory (no prior cutaneous/ocular Surgical resection (extent depending
melanoma) on site)
Full skin and ophtalmologic
examination
Instrumental exams Advanced/resectable
Endoscopy + biopsy Consider neoadjuvant
EUS immunotherapy + targeted therapy
CT/MRI :

PET-CT for staging and to exclude
other primaries

l Unresectable/metastatic
P ~ Systemic therapy (ICIs + TKIs)
Histopathology Consider palliative resection and/or
Morphology (mucosal/submucosal radiotherapy for symptoms' control
origin) 4
In situfjunctional melanocytic
component

Immunohistochemistry: S100+,
SOX10+, HMB45+, Melan-a+

}

Molecular profile
KIT/NRAS mutations

4

Figure 2 Diagnostic and therapeutic algorithm for mucosal gastrointestinal melanoma. EUS: Endoscopic ultrasound; CT: Computed tomography;

MRI: Magnetic resonance imaging; PET-CT: Positron emission tomography-computed tomography; ICls: Immune checkpoint inhibitors; TKIs: Tyrosine kinase
inhibitors.

TREATMENT
Surgery and systemic therapy

Surgery remains the cornerstone of treatment; however, the extent of resection, and the role of lymphadenectomy are
being debated across different anatomical sites. The surgical decision making between limited and radical resections must
balance oncological radicality with postoperative morbidity and quality of life, particularly in anorectal disease. Recently,
the development of new systemic therapies, including immune checkpoint inhibitors (ICls), have also affected surgical
strategies[45,46].

For primary esophageal melanoma esophagectomy with regional lymphadenectomy remains the most common
procedure, which allows negative resection margins and nodal staging. However, high perioperative morbidity and early
systemic failure with uncertain survival benefit, must be considered[46]. Limited resections or endoscopic resections are
technically possible but seldom carried out because of the infiltrative growth, longitudinal spreads, and early nodal
metastasis[47]. In case of non-metastatic primary gastric melanoma partial or total gastrectomy with regional lymph
nodes removal is advised. While wedge/Local resections may be considered for very small, well-circumscribed lesions,
these approaches are often inadequate due to the tumor tendency to be multifocal and biologically aggressive.

The standard treatment for primary melanoma of the small intestine is segmental resection with clear surgical margins.
Extensive multivisceral or radical resections usually do not provide additional benefit. Lymphadenectomy is not
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routinely performed and is generally limited to nodes that appear clinically suspicious[46,48]. Treatment for primary
melanoma of the colon generally follows the protocol for colon cancer, involving segmental colectomy or hemicolectomy
[49-51]. Even with aggressive surgical approaches, the risk of recurrence remains high, and the therapeutic benefit of
comprehensive lymph node dissection beyond staging purposes is uncertain.

At the time of diagnosis of anorectal melanoma about 60% of patients already have metastases in the mesorectal or
inguinal lymph nodes[4,49]. Treatment typically involves either local excision (LE) or abdominoperineal resection (APR).
While APR allows for higher rates of complete tumor removal (R0) and lymph node assessment, it also comes with
significant risks, including major complications and the need for permanent stoma. LE, on the other hand, maintains
bowel function but increases the likelihood of incomplete tumor removal and local recurrence and does not allow for
lymph node evaluation[5,52,53]. Most studies have not found a survival benefit for APR over LE, as systemic relapse is
the primary cause of death, affecting 50%-70% of patients within two years. On the other hand, local recurrence occurs in
approximately 30%-40% of patients after LE, significantly higher than after APR. Negative resection margins, more likely
to be achieved after APR, significantly predict long term survival[54,55]. Although organ-preserving approaches are
increasingly favored in the era of immunotherapy, reflecting the limited impact of radical surgery on survival, a recent
systematic review by Paolino et al[54] reported that APR is still performed in most patients (76%), underscoring the
ongoing debate on the optimal extent of resection in this setting.

The role of sentinel lymph node biopsy (SLNB) has been inconsistently studied. Unlike for cutaneous melanoma, in
which the role of SLNB is established, for mucosal melanomas the supporting literature is sparce, particularly for those of
the GI tract. In anorectal melanoma, although evaluated in small cohort, SLNB is technically feasible with a principal role
in staging but with uncertain therapeutic advantage[56,57].

In conclusion, surgical therapy of GI tract mucosal melanomas must be customized for anatomical site, clinical stage of
disease, and patient comorbidity. Radical resections may provide local control, however, often do not lead to better
survival. In contrast limited resections, aiming to preserve function and quality of life, although not considered the
standard of care, are becoming increasingly accepted, especially for the anorectal region. The question of lymphaden-
ectomy remains controversial. Although nodal metastasis is frequent, especially for anorectum and esophagus, there has
been no definitive demonstration of OS benefit with extensive nodal dissection. Its application now comes largely with
staging and prognostic grouping only.

State-of-the-art systemic therapy, is redefining the treatment paradigm. Zhang et al[58] provided a comprehensive
overview of current and emerging targeted therapies for acral and mucosal melanoma. The authors underscore the
importance of integrating systemic therapy, particularly with ICIs, and molecularly targeted drugs, with regional
approaches to allow less extensive and more function-preserving surgical or endoscopic procedures, even in cases
previously deemed unresectable[45,59,60]. Neoadjuvant combinations of ICIs and anti-angiogenic agents, such as
toripalimab with axitinib, have shown promising response rates and may improve operability[61]. Although radio-
therapy has traditionally played a limited role in the management of both cutaneous and mucosal melanoma, recent evi-
dence suggests a potential synergistic effect when combined with immunotherapy, improving local control and survival
in selected patients[62-64]. These multimodal strategies represent a significant step toward individualized, stage-adapted
management of advanced mucosal melanoma[65,66].

Immunotherapy represents the main systemic approach for advanced and metastatic melanoma. ICIs, including anti-
programmed cell death protein 1 (PD-1) antibodies (nivolumab, pembrolizumab) and cytotoxic T-lymphocyte-associated
protein 4 blockade (ipilimumab), have markedly improved OS in cutaneous melanoma; however, their activity in
mucosal subtypes remains limited.

This reduced efficacy may be explained by the lower tumor mutational burden, absence of UV-induced mutational
signatures, and a less inflamed tumor microenvironment typical of mucosal melanoma, characterized by reduced
programmed death-ligand 1 (PD-L1) expression and a lower density of tumor-infiltrating lymphocytes. Consequently,
response rates to single-agent PD-1 blockade remain around 15%-25%, and approximately one-third with dual checkpoint
inhibition. Novel strategies under investigation include combined immunotherapy with anti-angiogenic agents (e.g.,
axitinib), adoptive T-cell transfer, and personalized neoantigen vaccines[67-69].

As previously discussed, the frequency of BRAF mutations in mucosal melanomas is much lower than that of
cutaneous melanomas, while that of the c-KIT would prevail, with no significant differences depending on the anatomical
districts. However, it is suggested that all mucosal melanomas patients are tested for BRAF mutations; the combined
treatment with BRAF and MEK inhibitors may be considered when BRAF mutations or BRAF fusions are identified[25].
In a small cohort of 125 patients with advance (metastatic or unresectable), BRAF V600E-mutant mucosal melanoma,
BRAF inhibitors therapy obtained an objective response rate (ORR) of 20% and a disease control rate of 70%[66]. Several
tyrosine kinase inhibitors, such as imatinib or nilotinib, targeting mutated ¢-KIT, were shown to induce clinical responses
in patients affected by mucosal melanomas. Although limited in number, some clinical experiences have shown
significant responses with the use of c-KIT inhibitors in mucosal melanomas that present mutations in exon 9, 11 or 13
especially in anorectal and gastric mucosal melanoma[27,70-73]. Treatment with imatinib mesylate achieved a 64% of
ORR in patients with mucosal melanoma carrying KIT mutation (in exon 11, 13, and 17), but it proved ineffective in
patients with KIT amplifications, as shown in a multicenter phase 2 trial[74]. The effects of ICI treatment in mucosal
melanomas are limited, due to the low number of patients deriving from small population studies, retrospective analyses,
and case reports[74-77].

In a multicenter retrospective study, immunotherapy (anti-PD-1 and anti-cytotoxic T-lymphocyte-associated protein 4)
was compared with chemotherapy (predominantly dacarbazine) in patients with advanced mucosal melanoma; a median
OS of approximately 16 months and 8.8 moths was reported with ICIs and chemotherapy respectively[78]. A clinical trial
on 121 patients with advanced mucosal melanomas, treated with nivolumab or nivolumab + ipilimumab, showed a
response rate of approximately 23% for nivolumab single agent and 37.1% for the combination. The median progression-
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free survival (PFS) was 3.0 months for nivolumab and 5.9 months for nivolumab + ipilimumab, highlighting markedly
lower efficacy compared with cutaneous melanoma[63]. A sub analysis of the CheckMate 067 study (randomized phase
III first line in patients with advanced melanoma: Nivolumab + ipilimumab vs nivolumab vs ipilimumab) evaluated the
activity and efficacy of immunotherapy in patients with mucosal melanoma (1 = 79, out of 945 patients enrolled in the
study). The mucosal origin of the melanoma was not a stratification factor for the study. Twenty-eight patients were
treated with the nivolumab + ipilimumab combination, 23 with nivolumab and 28 with ipilimumab. Five years PFS and
OS were 29%, 14% and 0%, and 36%, 17% and 7% in the combination, nivolumab single agent, ipilimumab single agent
arms, respectively. The response rate was 43%, 30% and 7% in the combination, nivolumab single agent and ipilimumab
single agent arms, respectively[78].

Efficacy data for pembrolizumab in mucosal melanoma from the KEYNOTE 001-002-006 trials were also presented. Of
the 1567 patients studied, 84 had advanced mucosal melanoma. The ORR was 19%, while the median PFS and OS were
2.8 months and 11.3 months respectively. The treatment demonstrated comparable activity also in the subgroup
pretreated with ipilimumab[79,80]. The phase 2/3 relativity-047 clinical trial, included 714 melanoma patients, 51 of
whom were mucosal melanoma. No significant difference in PFS was observed in a subgroup analysis comparing 23
cases undergoing the relatlimab-nivolumab combo and 28 cases undergoing nivolumab alone. Additional studies were
advocated to understand the efficacy of the relatlimab-nivolumab combo in this patient population often excluded from
clinical trial due to small sample size and the rarity of disease[51].

Overall, it remains unclear why mucosal melanomas exhibit lower response rates to ICIs compared with cutaneous
melanoma. One hypothesis suggests that this difference may reflect the lower proportion of mucosal melanoma cases
with high PD-L1 expression (> 5%), as indicated in the pooled analyses, although no definitive evidence supports PD-L1
as a predictive biomarker for ICI response in these patients. Alternatively, the generally lower mutational burden of
mucosal melanomas, with respect to cutaneous lesions, may help explain this clinical behavior. Additionally, the presence
of tumor-infiltrating lymphocytes may serve as a predictor of response to anti-PD-L1 therapy[62]. There is no data to date
demonstrating the efficacy of adjuvant therapy in mucosal melanoma patients. Now, with the limitations of the lack of
adequate available evidence, adjuvant treatment for mucosal melanomas could mimic that of cutaneous melanoma.

CONCLUSION

Primary mucosal melanoma of the GI tract is a rare but aggressive malignancy, most often located in the anorectum but
occasionally seen in the esophagus, stomach, small bowel, or colon. It differs substantially from cutaneous melanoma, in
terms of epidemiology, pathogenesis, molecular profile, and therapeutic response. Differentiating primary lesions from
metastatic melanoma is challenging. Surgery is the mainstay of treatment, though the extent of resection and the role of
lymphadenectomy remain debated. Systemic therapies, such as ICIs and targeted agents, have shown only modest
efficacy compared with their impact in cutaneous melanoma, therefore the prognosis remains poor. The current literature
on primary GI melanoma is largely based on retrospective case series and single-case reports, which are subject to major
limitations, including small sample sizes, variability in diagnostic criteria, and potential publication bias. Overcoming
these limitations through collaborative multicenter studies and standardized reporting is essential to achieve earlier
recognition, a deeper understanding of disease biology, and the refinement of therapeutic strategies aimed at improving
survival outcomes in this challenging disease.
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