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Aim: Primary gastric melanoma is a rare clinical presentation. The purpose of this review was to com-
pare the 1-year survival in patients who underwent surgery with patients who did not receive treatment.
Patients & methods: A systematic search of databases for case reports and case series of primary gastric
melanoma was conducted. Results: The mean survival of patients was 22 months. One-year survival was
56.5% with surgery, rising to 66% with adjuvant therapy. Mean survival of the surgical group was 21.05
months (£20.2) versus 4.5 months (+£3.61) in the nonsurgical group. Conclusion: Primary gastric melanoma
has a poor prognosis but early surgical intervention can have a significant impact on patient outcome. We
reviewed the biology and clinical diagnosis of gastrointestinal melanoma and the current management
options available.
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Melanoma of the GI tract is a rare cause of gastrointestinal (GI) pathology found at endoscopy. However, cutaneous
melanoma has been found to metastasize to the GI tract in up to 60% of cases. Unfortunately, given the aggressive
nature of this cancer frequently the metastases are diagnosed at postmortem [1]. These metastases can become
symptomatic and present significant complications in the clinical management of patients with melanoma. Primary
melanoma of the GI tract is a much rarer entity. Falling under the term of mucosal melanoma, it constitutes
approximately 1.4% of melanoma [2]. Often presenting with an insidious course and a wide range of appearances
at endoscopy, it can be difficult to recognize. Mucosal melanoma presents most frequently in the anorectum with
the esophagus being the second most commonly recorded location. It has been reported throughout the GI tract,
at times found at more than one site [2].

The picture of GI melanoma is further muddied by the potential of cutaneous melanoma to regress. The
pathophysiology of regression is unknown and given the nature of the phenomenon it is extremely difficult to
study or observe. This can cause further confusion in the distinction between melanoma of unknown primary and
primary mucosal melanoma of the GI tract [3].

We systematically reviewed the literature to assess the 1-year survival of patients with primary gastric melanoma
who underwent surgery compared with those who did not receive treatment. We examined the evidence for primary
gastric melanoma and discuss the possible mechanism of development, which may help guide the treatment of
these tumors that carry a historically poor prognosis.

Patients & Methods

This review was performed following the methodology of the Cochrane handbook for systematic reviews [4] and
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement [5]. The study is
registered on the International Platform of Registered Systematic Review and Meta-analysis Protocols (registration
number: INPLASY202070020/DOI: 10.37766/inplasy2020.7.0020).
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A literature search for studies published was conducted using the PubMed database, Google scholar and Europe
PMC. The search terms used were ‘primary gastric melanoma” OR ‘gastric melanoma’ OR ‘melanoma of the
stomach’ OR ‘gastrointestinal melanoma’. The search results were screened using title, abstract and full text to
identify papers discussing primary gastric melanoma. The study selection process is outlined in the PRISMA
diagram below (Figure 1).

Articles identified in literature search of Pubmed,

Identification Google scholar and Europe PMC

Citations, duplicates, and non English
articles excluded

92 articles’ titles, abstract and full text examined

Screening
44 articles met criteria for patient population
Articles examined for quality of case report
Eligibility 34 articles included in review for analysis and
data extraction

Figure 1. PRISMA flow diagram showing the process of identification, screening and selection of articles for review.
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Only papers including patients over 18 years of age with diagnosed primary gastric melanoma were included.
Search results were independently assessed by reviewers, GS Mellotte and D Sabu. Any differences in opinion on
the inclusion of study were approached by discussion between reviewers.

Excluded were cases of metastatic gastric lesions from other sites, mucosal melanoma of sites other than the
stomach, review papers, book chapters and studies not found in the English language. There were no limits placed
on date of publication.

These studies were examined for patient age, sex, endoscopic features of melanoma, treatment, histological
features and mortality. Major outcomes for the studies were mortality, 12-month survival and surgery.

Data were extracted using a specifically designed questionnaire and stored in a Microsoft Excel sheet created for
the purpose of this review.

Results

We identified 44 case studies of primary gastric melanoma in the literature. Given the rarity of this primary mucosal
melanoma, all relevant studies were single-case reports, no case series were published. Using the tool provided by
Murad et al. (6] for the methodical assessment of case reports, we reviewed each of these cases, 34 met the criteria
score of greater than 4 using the scoring tool based on four categories of selection, ascertainment, causality and
outcome. Given the rarity of gastric melanoma and the limited number of cases available in the literature, it was
not possible to adequately assess exposure between articles; primary gastric melanoma is a rare presentation and
there was no study which was able to show more than one case presenting to their center. It was important for the
case studies to provide adequate description of presentation, workup and outcome to be able to draw conclusions,
which can be applied to practice going forward. Similarly, there was no dose/response or challenge/rechallenge
phenomenon to be assessed in any of the cases, so these metrics were removed from the assessment. Use of the
scoring tool allowed for us to objectively rate single case studies on a set standard basis.

Thirty-four cases had a sufficient history, description and follow-up to extrapolate the data to use in an analysis
of 1-year survival rates postdiagnosis [7-40]. The other ten cases did not meet the standard set.

The median age of patient population was 64.5 years with a range of 42—87 years. Twenty-four patients found
were male. Seventeen patients were anemic at presentation.

Twenty-three of the 34 studies provided follow-up data, the mean time of follow-up was 17.1 months. Across the
studies, there were 12 reported deaths at the time of publishing, with a mean time to death of 22 months. It must
be noted a large amount of studies had no follow-up data listed at all or patients failed to attend their follow-up.
The patient population is summarized in Table 1.

Twenty-three patients had surgical resection with curative intent. The surgeries are summarized below in Table 2.
Thirteen patients (56.5%) from the surgical cohort were alive at 1-year follow-up. This group had a mean survival
time of 21 months with a range of 3-84 months. The patient cohorts and outcomes are shown in Figure 2.

Six patients had adjuvant therapy with surgery, four (66%) had a 1-year survival. Mean survival with therapy
was 17 months.

Of the 17 patients who did not receive adjuvant therapy, nine patients (52%) were alive at 1 year. There was an
overall mean survival of 22 months, range of 3-84 months.

The nonsurgical group of patients comprised 11 patients, one of whom underwent a palliative jejunostomy. The
median survival of this group was 3.5 months, range 1-11 months. No patient had a 1-year survival. Four patients
had adjuvant therapy with two patients still alive at publishing but no time of follow-up data available, the other
two patients died at 2 and 11 months, respectively.

Eighteen patients presented with a primary tumor only. Ten patients (55%) had 1-year survival. Mean survival
across this group was 15.2 months (range: 4-84 months).

Ten patients had distant solid metastasis at initial diagnosis, the sites of metastasis are listed in Table 2. One
patient had a documented 1-year survival. Mean time to death was 6.14 months in metastatic patients, with a range
of 1-12 months.

Six patients had positive lymph nodes at biopsy but no evidence of distal metastasis, two patients had a 1-year
survival. Mean survival in this group was 14.8 months with a range of 3-36 months.

The mean survival in patients without metastasis at diagnosis was found to be significantly different from patients
with solid metastases at presentation (p = 0.02). However, mean survival was not significantly different between
patients with regional lymph node metastases and those without; p = 0.36.
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Table 1. Patient cohort.

Patients for Study (year) Age (years) Sex Presentation One-year Follow-up Endoscopic appearance Ref.
analysis (n) survival (months)
1 Kouvaras et al. 82 Female Melena Yes 12 Pigmented polypoid masses [7]
(2019)
2 Jelincic et al. (2005) 58 Male Fatigue, epigastric pain,  Yes 24 Gastritis and 2-cm ulcer [8]
weight loss
3 Holmes et al. (2017) 54 Male Weakness, abdominal Yes 36 Ulcerated brown tumor [9]
pain, weight loss
4 Zhou et al. (2016) 68 Female Incidental Yes 24 Round mass in greater curvature of [10]
the stomach
5 Bahat et al. (2010) 59 Male Incidental No 4 Polypoidal [11]
6 Bolzacchini 72 Male Epigastric pain, melena No 6 Ulcerated antral mass [12]
et al. (2016)
7 Laskaratos 73 Male Incidental No 12 Pigmented, elevated lesion 2 cm in [13]
etal. (2014) the posterior wall of the stomach
8 Fotoohi et al. (2019) 65 Male Dysphagia, weight loss,  No 3 Bulky black mass at oesophageal [14]
gastric junction
9 Houissa et al. (2010) 56 Male Epigastric pain, Yes 84 Ulcerated tumor in the proximal [15]
hematemesis, weight stomach
loss
10 Lufrano et al. (2007) 67 Female Chest tightness/pain Yes 60 Not described [16]
1 Yang et al. (2008) 53 Male Epigastric pain and No 1 Dark pigmented lesion at the gastric [17]
dysphagia junction
12 Noraidah 76 Male Fatigue, exertional No NAT Large ulcerated lesion [18]
et al. (2003) dyspnea
13 Loh et al. (2012) 68 Male Incidental No 4 Not described [19]
14 Khaliq et al. (2012) 78 Male Asymptomatic Yes 24 Ulcerated fundic lesion [20]
15 Kim et al. (2013) 60 Male Fatigue No NA Black polypoid mass [21]
16 Konikoff 74 Male Epigastric pain, No NA Large ulcer in lesser curvature with [22]
etal. (2019) hematemesis, melena adherent blood clot. 3-4 adjacent
nodules noted
17 Wang et al. (2016) 63 Male Right limb disorder No 10 Huge ulcer lump (5.0 x 4.0 cm?) at [23]
the bottom of stomach, with
purplish-brown mucosa
18 Alazmi et al. (2003) 66 Female Anemia and weight loss  Yes 18 Not described [24]
19 Cho et al. (2014) 64 Male Fatigue Yes 18 Ulcerated mass in the greater [25]
curvature
20 Yamamura 58 Male Fatigue, epigastric pain  Yes 16 Submucosal mass with ulceration at [26]
etal. (2012) antrum
21 Dabrowski 63 Male Progressive dysphagia Yes 14 Friable tumor extending to the [27]
et al. (2005) cardia
22 Wang et al. (2019) 66 Female Abdominal pain Yes NA Not described [28]
23 Callaghan 67 Male Left chest discomfort Yes 20 Ulcerated tumor in the proximal [29]
etal. (2018) stomach
24 Lim et al. (2018) 50 Male Epigastric pain, reduced No NA Ulcerated mass extending toward [30]
appetite antrum
25 Castro et al. (2008) 50 Female Axillary No NA Elevated lesion with central [31]
lymphadenopathy umbilication and black hue in the
fundus
26 Wiewiora 54 Male Anorexia, weight loss No 3 Not described [32]
etal. (2019)
27 Augustyn 75 Male Melena No 1 Pigmented, ulcerated lesion with [33]
et al. (2015) irregular margins
28 Lagoudianakis 42 Male Abdominal pain, No 2 Upper gastrointestinal endoscopy, [34]
et al. (2006) anorexia, vomiting multiple dark brown macules
(2-5 mm in diameter) were seen
within the stomach
29 Liu et al. (2019) 59 Male Postprandial pain and No 6 Polypoid mass in the cardia of the [35]

tarry stool for 2 months

TWhere the follow up was not published in original article it is listed as not available (NA).
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Table 1. Patient cohort (cont.).

Endoscopic appearance Ref.

Pa

tients for

analysis (n)

30

31

32

33
34

Study (year)

Phillips et al. (2018) 87

Eshtiaghpour 63
etal. (2014)

Liang et al. (1995) 78

Slater et al. (2014) 63
Song et al. (2014) 50

Age (years) Sex

Male

Female

Female

Female

Female

Presentation

Fatigue, weight loss,
melena

Abdominal pain

Abdominal pain, loss of
appetite, weight loss,
anemia

Intermittent vomiting

Epigastric discomfort,
vomiting

TWhere the follow up was not published in original article it is listed as not available (NA).

28 surgical patients

6 patients adjuvant
therapy

4/6 (66%) 1 year
survival

Fig

ure 2.

melanoma.

f
\

One-year
survival

No

No

No

No
No

34 patients identified

17 patients surgery only

9/17 (52%) 1 year

survival

Follow-up
(months)

NA

NA

NA

8-cm pedunculated mass at the [41]

greater curvature

Black lesions in the greater [36]
curvature of the stomach

12 small darkly pigmented tumors. [37]
Some lesions were raised and
volcanoid, some were flat

5-mm polyps in the body [38]

Friable mass at lesser curvature [39]

]
)

11 non surgical

0 patients 1 year
survival

Patient 1-year survival outcomes in surgical and nonsurgical treatment groups for primary gastric

Comparison of mean survival between the groups allowed us to assess whether there was a significant difference
in patient outcome with intervention. Mean survival of the surgical group with treatment was 17.67 months
(£12.4) versus 22.62 months (£23.23) in the nonadjuvant group. This difference was not found to be statistically
significant when the means were compared, p = 0.6274.
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Table 2. Patient’s surgical procedure and distal or locoregional metastatic sites.

Patients for
analysis (n)

1

w

0o N o v b

10
11

12
13
14
15
16

17
18

19

20
21
22
23
24
25
26
27

28

30
31

32
33

Study (year)

Kouvaras et al. (2019)

Jelincic et al. (2005)
Holmes et al. (2017)

Zhou et al. (2016)
Bahat et al. (2010)
Bolzacchini et al. (2016)
Laskaratos et al. (2014)
Fotoohi et al. (2019)

Houissa et al. (2010)

Lufrano et al. (2007)
Yang et al. (2008)

Noraidah et al. (2003)
Loh et al. (2012)
Khaliq et al. (2012)
Kim et al. (2013)
Konikoff et al. (2019)

Wang et al. (2016)
Alazmi et al. (2003)

Cho et al. (2014)

Yamamura et al. (2012)
Dabrowski et al. (2015)
Wang et al. (2019)
Callaghan et al. (2018)
Lim et al. (2018)

Castro et al. (2008)
Wiewiora et al. (2019)
Augustyn et al. (2015)

Lagoudianakis
et al. (2006)

Phillips et al. (2018)

Eshtiaghpour
et al. (2014)

Liang et al. (1995)
Slater et al. (2014)

Surgical procedure
Partial distal gastrectomy

Partial gastrectomy with splenectomy

Subtotal gastrectomy, appendectomy and
splenectomy

Total gastrectomy
Total gastrectomy
Surgery’

Distal gastrectomy

Distal esophagectomy and proximal
gastrectomy

Extended total gastrectomy with
splenectomy

Gastrectomy

Esophagogastrectomy, lymphadenectomy,
distal pancreatectomy, splenectomy and
transverse colectomy

Open sleeve gastrectomy
Partial gastrectomy
Partial gastrectomy
Partial gastrectomy

Proximal gastrectomy, splenectomy and
limited small bowel resection with
end-to-end anastomosi

Proximal stomach resection

Resection of the stomach, spleen and
greater omentum and D2
lymphadenectomy with additional excision
of the lymph nodes of the liver cavity

Subtotal gastrectomy with lymph node
dissection

Subtotal gastrectomy with splenectomy
Total gastrectomy

Total gastrectomy

Total gastrectomy and lymphadenectomy
Palliative jejunostomy

Nil

Nil

Nil

Nil

Nil

Nil

Nil
Nil

T Exact surgical procedure not published in the article.

#Treatment regimen not published in the article.

Treatment regimen

Pembrolizumab followed
by ipralimumab

Interferon

Chemo/radiation®

Oral immunotherapeutic
Dacarbazine
Pembrolizumab

Nil

Refused by patient

Nil

Nil
Nil

Nil

Nil

Nil

Nil

Did not attend for
follow-up

Nil
Nil

Nil

Refused by patient
Nil
Nil
il
Nil

N

Dacarbazine/cisplatin
Chemotherapy*

Vemurafenib followed by
ipilimumab

Chemotherapy?

Radiotherapy*
Nil
Nil
Nil

Metastatic at presentation

Pulmonary

Nil
Regional lymph node and appendix

Nil
Local node
Nil
Nil

Local

Nil

Nil

Regional lymphadenopathy

Nil

Bladder

Nil

Nil

Multiple metastatic nodules were also
seen in the ileum, root of the

mesentery, para-iliac nodes, para-aortic
nodes and the liver

Brain, liver

Nil

Nil

Nil

Nil

Nil

Local nodes

Nil

Regional and axillary lymph nodes
Lung, pancreas

Liver and regional lymph nodes

Liver

Nil
Liver

Liver

Brain

Ref.

[7]

[8]
[9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]

[23]
[24]

[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[41]
[36]

[37]
[38]
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However, comparison of the mean survival between the surgical 21.05 months (+20.2) and nonsurgical group
4.5 months (£3.61) was found to be statistically significant with p-value of 0.0086 (CI: -28.5944 to -4.5056).

Discussion

Development

Primary mucosal melanomas are thought to arise from the melanocytes found within the epithelial lining of mucosal
membranes. These melanocytes have been found in the lining of the esophagus, stomach and intestine [2). This is not
confined to patients who are diagnosed with a malignancy, presence of melanocytes within the upper GI tract has
been demonstrated in 7.7% of the healthy adult population [41]. This is more frequently seen in the esophagus and
the anorectum but the mechanism for the development of these melanocytes is poorly understood [2,42]. There are
three primary theories for development of melanoma in the GI tract. First, melanoblastic cells have been observed
to migrate to the GI tract in both healthy patients and those with esophageal cancer; migration is abnormal and
thought to occur during embryogenesis [43]. This provides a mechanism for the development of melanoma within
the esophageal tract [42].

Second, amine precursor uptake and decarboxylation cells arising from the neural crest may differentiate into
melanocytes; the exact process by which this occurs is not yet known but this is another putative mechanism for
the development of mucosal melanoma [44]. Schwannian neuroblast cells also arise from the neural crest and play
a role in the autonomic innervation of the gut. They have been linked with tumorigenesis and may differentiate
into primary melanoma [45]. Interestingly melanosis has been observed in the esophagus and stomach of patients
with diagnosed rectal melanoma [45,46]. This would suggest that melanosis was present that gave rise to a mucosal
melanoma and may help suggest a pathway for the pathogenesis for melanoma. An in situ component seen at
histology also gives support to the diagnosis of a primary melanoma and not a metastatic deposit [42].

Epidemiology

The incidence of primary gastric melanoma does not correlate with UV exposure or other risk factors associated
with cutaneous melanoma [47]. There is no correlation with race, although there is evidence that incidence appears
to increase with age (48]. The higher incidence of cutaneous melanoma in the Caucasian population gives a
false impression that mucosal melanoma is more common in other ethnic populations but in reality there is no
absolute difference across groups. This also suggests there may be a different pathogenesis and underlying pathway
contributing to the disease development but there has been no link to an ethnic group at higher risk of primary
mucosal melanoma at this point. Ethnicity was not reported in a sufficient number of cases in our review to be able
to estimate a population at higher risk.

No significant risk factor has been found for the development of a primary gastric melanoma. Studies have
shown that an increased risk of oral melanosis and oropharyngeal mucosal melanoma is related to smoking but this
has not been connected to upper GI melanoma [48].

The incidence of mucosal melanoma is reported to peak around the age of 70 with a higher incidence in women
compared with males [49,50]. This is an older peak incidence than that seen in cutaneous melanoma. In our own
review of studies, we found a higher incidence in males, with 24 of 34 cases male and a mean age of 63 years, only
two cases were reported in individuals under 50 years of age.

Pathology
The histological diagnosis of mucosal melanoma is the gold standard. Microscopic examination relies on the
identification of melanin. Cells may show characteristics of high pleomorphism and display prominent nucleoli;
they may appear epithelioid or spindled cells that are often arranged in a sheet-like pattern (Figure 3). Mucosal
melanoma with little to no melanin often proves a significant challenge to diagnose leading to a delay in treatment
for patients.

Immunohistochemical staining is crucial for diagnosis in patients who do not express melanin. S100, melanoma
antigen recognized by T cells (Melan-A) (Figure 4), and human melanoma black (HMB45) (Figure 5) are frequently
used in the diagnosis of melanoma [39,51,52]. Sox10, a transcription marker for neural crest cells, is sensitive and
specific for the diagnosis of melanoma [53]. Vimentin is a major constituent of the intermediate filament family of
proteins. Increased expression is seen in melanoma but can also be seen in epithelial tumors in the gut, lungs, CNS,
breast and skin making it a nonspecific marker of malignancy [54].

future science group 10.2217/mmt-2020-0009
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Figure 3. Histological images of gastric melanoma. Gastric melanoma biopsy with gastric mucosa
(hematoxylin—eosin staining, 2x (A) and 40x (B) magnification).

Figure 4. Gastric melanoma with positive HMB45 stain.

Figure 5. Gastric melanoma with positive Melan-A stain.

Genetics
The genetics of UV- and non-UV-related melanoma broadly vary. The behavior of mucosal melanoma may be

explained by the expression of genetic factors.

BRAF V600e is a RAS-regulated serine-threonine protein kinase that mediates cell growth and malignant
transformation [53]. The BRAF gene mutation was identified in five patients with primary gastric melanoma in our
review. This was the only gene mutation reported across all 34 cases, however, it is not clear the scope of testing
the tumors went or if all 34 patients had gene testing performed as part of workup. Overall, incidence is low in
mucosal melanoma, occurring in less than 10% of cases. BRAF mutations are seen more frequently in cutaneous
melanoma and melanotic nevi compared with mucosal melanoma 551.

Neuroblastoma RAS mutations, a GTPase-controlling gene, is recognized in the development of melanoma with
rates of 15-22% in cutaneous melanoma and 5% in mucosal lesions, although the rates vary between sites of
mucosal melanoma [56-58].

The KIT mutation is more commonly associated with acral lentiginous melanoma subtype than cutaneous and
has been described in up to 23% of cases [55]. A kinase inhibitor, it has also been found to be expressed in 15-21%
of mucosal melanomas suggesting a different developmental pathway to that of cutaneous melanoma [55,59].
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The cyclin-dependent kinase pathway has a proven link to melanoma development. The gain of CK4 or CK6
or the loss of CDKN2A have been shown to play a role in the development of mucosal melanoma in certain
populations. Another cell cycle gene, CCND1, is amplified in approximately 25% of mucosal melanomas, with
a lower rate of 2-13% in UV-associated melanoma [60]. This pathway has been shown to be more significant in
non-UV-related melanoma [49].

The PDGF receptor a-polypeptide is a separate pathway found in a low number of melanomas but a relatively
higher percentage of mucosal and acral compared with sun exposure-related melanoma [61].

Taken together, all these findings suggest a very different genetic pathway for the development of mucosal
melanoma from that of cutaneous melanoma, providing new avenues for research and treatment.

Clinical presentation & investigation

Presentation of primary gastric melanoma can closely mimic other gastric cancers or more benign conditions.
Vague systemic symptoms of generalized abdominal pain, loss of appetite, weight loss and fatigue are common.
Both primary and metastatic gastric melanoma may also present with localized discomfort, dysphagia, hematemesis
or melena. Upper GI bleeds associated with melanoma have presented as acute upper GI bleeds but the majority
of cases present as stable, chronic bleeds and anemia is commonly found at initial workup. In some cases, the
presentation can be indolent with patients having suspicious GI lesions under surveillance and workup for years
prior to a diagnosis of melanoma being made (62].

Radliological appearance
There are limited descriptions of the radiological appearance of gastric melanoma in our review. CT appearance
of gastric melanoma lesions are described with thickened gastric wall and discrete soft-tissue masses [17,24,26]. This
alone will not discriminate gastric melanoma from other gastric cancers. Melanomas tend to be a vascular tumor
and enhancement with intravenous contrast can help improve detection.
The appearance of melanoma on MRI is influenced by the presence of melanin, as melanin is paramagnetic.
Melanotic lesions appear hyperintense on T1 sequencing but have low signal intensity on T2-weighted images.
PET/CT with fluorodeoxyglucose '8F (FDG) is a powerful clinical tool for assessing spread in metastatic
melanoma. It is more useful than conventional imaging for highlighting areas of distant spread or localizing disease
not otherwise seen on CT alone [63,64].

Endoscopic appearance

The appearance of GI mucosal melanoma can vary greatly at endoscopy. Forty articles found during the literature
search had description of endoscopic appearances. Over half the cases describe a large ulcerated or polypoidal mass
varying in size [7,10,23,36]. Friability of the overlying mucosa is frequently mentioned in description but melanosis
of the stomach is not ubiquitous across the whole cohort. There are multiple lesions in many reports, with one
case describing over a hundred black lesions throughout the stomach and duodenum, varied in size and shape [65).
One case described a pedunculated mass, one a volcano-like tumor [57], and another with central umbilication.
Benign-appearing lesions have also been diagnosed with one biopsy of 5 mm, benign-appearing, gastric polyps and
another appearance described as a chronic gastritis. Part of the challenge at endoscopy and histology arises with
amelanotic lesions. Ulcers have been described as pigmentated with colors ranging from black to brown to red
across the literature. Some gastric melanomas are not tumoral masses but present as simple appearing ulcers.

Tissue diagnosis from gastric biopsy at endoscopy can be difficult. Biopsies are often taken at the edge of lesions to
reduce the risk of bleeding, this combined with a varied appearance at microscopy can make diagnosis difficult [52].
This is highlighted by the case Bahat ez a/., where melanoma was diagnosed on follow-up endoscopy and biopsy
for a nonhealing ulcer after 8 weeks, delaying the management [11]. Lufrano ez 4. describe a case of a biopsy of a
simple appearing 5-mm gastric polyp histologically positive for a melanoma [16].

There are cases documenting use of endoscopic ultrasonography to help diagnosis of lesions in the esophagus [66-
68], gallbladder [62,67) and anorectal disease [69] but it is not a part of the routine assessment of lesions.

Ultimately the diagnosis is based on a combination of histology and immunohistochemistry. It is of critical
importance in amelanotic lesions where endoscopic appearances can be deceptive.
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Differentiation of primary versus metastatic melanoma

Given the exceedingly low incidence of primary gastric melanoma, it is imperative that when gastric melanoma
is discovered that other potential sites of primary disease are examined. This includes a full body dermatological
examination and ophthalmology review. There is also evidence that colonoscopy is important to rule out a potential
site of primary disease [9]. The use of nuclear PET scan with fluoride-18 FDG avid markers has been shown to be
effective in both melanoma and gastric carcinoma [50,70). PET scan may be of value but no formal guidelines exist.

There are no formal diagnostic criteria for the primary gastric melanoma. As such a full clinical and diagnostic
investigation is performed on an ad hoc basis between centers and physicians. Blecker ez /. suggested guidelines for
definition of primary gastric melanoma: no history of invasive or iz situ cutaneous melanocytic lesion in addition
to in situ change of the GI epithelium [54,71). Song ez al. [39] describe the diagnostic criteria for their case as a single,
pathology proven lesion within the stomach without other concurrent lesions or a history of melanoma. They also
stipulated the disease-free survival of at least 12 months postdiagnosis to exclude possible metastatic disease with
regressed primary [s2]. These criteria have not yet been validated and as our review has shown the 1-year survival
can vary significantly.

As with diagnostic criteria, there is no formal staging system in place for primary gastric melanoma. Clark’s level
can only be applied to cutaneous lesions. Breslow thickness does not have the same prognostication value as in
cutaneous due to a difference in the underlying layers. In practical settings, the tumor, node, metastasis (TNM)
staging used in other gastric cancers is extrapolated for use in melanoma of the stomach.

Treatment

Evidence-based guidelines for the management of mucosal melanomas are still underway. Large-scale clinical trials
have not been undertaken primarily due to the rare nature of disease and often late presentation with disseminated
disease. Most current regimes are extracted from data for primary cutaneous melanoma.

Surgery

For localized upper GI tract melanomas, surgical resection with negative pathologic margin can be curative. Within
the surgical cohort, the surgical procedure undertaken varied, driven by clinical decision making, due to tumor size
and location within the stomach.

Case reports on adjuvant radiation treatment in mucosal melanoma have shown some improved local disease
control but no overall survival benefit or prolonged disease-free survival [72].

Adjuvant treatment options include interferon alpha, chemotherapy, targeted treatment and immunotherapy
or combination treatments. Until 2017, IFN-a was the only adjuvant treatment in melanoma that showed some
survival benefit based on the ECOG E1684 study published as early as 1997 but even this was limited to cutaneous
melanomas [73]. One patient in our study was treated with interferon postpartial gastrectomy and splenectomy with
a survival time of 24 months postdiagnosis [24].

With two patients receiving pembrolizumab and a third patient receiving dacarbazine, there were limited data
on adjuvant therapy available for our cohort. Two other patients received adjuvant therapy but their actual regime
was not documented. There is limited evidence for adjuvant therapy in primary gastric melanoma, patients have
been treated with regimes extrapolated from mucosal and cutaneous melanomas.

Metastatic melanoma

Unfortunately, most upper GI melanomas are metastatic at presentation due to nonspecific symptoms and resulting
delays in diagnosis. Surgical resection is often not possible in these cases and systemic treatment options should
be considered. For patients not suitable for systemic treatment, palliative radiation has been used effectively for
symptom control [38]. Local endoscopic therapy can also be used in this context to control bleeding or reduce
transfusion requirements.

Chemotherapy

Before the era of immunotherapy, treatment options for patients with advanced mucosal melanoma were very
limited. Melanoma is a chemotherapy resistant tumor and tends to have lower response rates than other forms of
cancer. Historically dacarbazine chemotherapy has shown response rates of about 13.4%), but has no proven survival
benefit [74]. A retrospective analysis of 95 Korean patients with metastatic melanoma, who received dacarbazine
showed similar response rates in cutaneous and mucosal melanoma at 26.3% (75]. Other clinical trials investigated
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the combination of dacarbazine with other chemotherapy agents like cisplatin, vinblastine and biologic agents such
as IFN-a,, but failed to demonstrate significantly higher response rates compared with dacarbazine monotherapy (76-
78].

Targeted treatment

Understanding the molecular basis of melanoma has led to the development of targeted treatments with improved
disease control. All biopsies should be tested for driver mutations of BRAE KIT and NRAS.

Where the BRAF mutation is positive a survival benefit has been seen with dabrafenib in combination with
trametinib, a mitogen-activated protein kinase (MEK) 1 and 2 inhibitor. Their combination has proven beneficial
to overcome BRAF inhibitor resistance. In 2015, results of a Phase III trial showed better overall survival (at 12
months was 72 vs 65%) with combination treatment compared with monotherapy with BRAF inhibitor (67]. KIT
mutations or amplification in exon 11 and 13 exhibited a beneficial response to K77 inhibitors such as imatinib or
dasatinib [79]. Results of a Phase II study published in 2011 showed 23.3% overall response rate with imatinib [8o].
The study included 11 patients with mucosal melanoma but no data relating to this subgroup analysis were
published.

NRAS mutation shows similar incidence rates of 15-20% in all melanoma subtypes and is associated with BRAF
inhibitor resistance [81]. Mutated NRAS triggers mitogen-activated protein kinase signaling pathway, which in turn
activates MEK. Hence, MEK inhibitors as binimetinib, trametinib are used in NRAS mutant cutaneous melanoma.
There are ongoing trials using MEK inhibitors in combination with CDK4/6 inhibitors in cutaneous melanoma.
Trials looking at the benefit of these agents in mucosal melanoma are needed.

Immunotherapy

Combining chemotherapy with immunotherapy has proven beneficial in cutaneous melanoma but needs more
clinical trials to extend their use in mucosal melanoma [82]. Immune check point inhibitors targeting programmed
death ligand 1(PD-L1), its receptor PD-1 and cytotoxic T-lymphocyte-associated protein-4 have all proven beneficial
in different types of cancer. These agents have shown benefit when used alone or in combination in various clinical
trials with cutaneous melanoma. In 2016, a multicenter retrospective cohort analysis looked at response rates to
anti-PD-1 agents in patients with mucosal melanoma and was found to be consistent with cutaneous melanomas [s2].
In 2017, a much larger pooled analysis looked at use of these agents in mucosal melanoma. The conclusion was in
favor of their use in mucosal melanoma although objective response rates were lower [83].

Ipilimumab has been the US FDA approved since 2011 for treatment of metastatic melanoma. Ipilimumab, either
alone at 3 mg/kg in previously treated patients or at 10 mg/kg in combination with dacarbazine in treatment-naive
patients, improved overall survival while exhibiting a manageable safety profile in two randomized controlled Phase
I1I trials (84]. In 2014, nivolumab and pembrolizumab were approved for use in patients progressing on ipilimumab
therapy. The CheckMate 067 study published in 2015 showed the modest benefit in combining ipilimumab and
nivolumab compared with either agent alone. Combination immunotherapy treatment in mucosal melanoma
showed 40% grade 3 or 4 events and should be used in patients with good performance status [85].

Prognosis

The low number of cases in the literature makes prognostication of primary gastric melanoma difficult. Moreover,
most clinical trials do not specify location of mucosal melanoma, making interpretation of the data difficult. Patients
tend to present later than other forms of melanoma. This is due to a combination of poorly localized symptoms in
addition to a diagnostically challenging disease.

The presence of positive lymph nodes may not have significant impact on a 5-year survival but the presence of
solid metastases has been associated with a poor prognosis in mucosal melanomas.

Presence of satellite lesions has not been found to be significant in cutaneous disease (86]. In our review, we did
not encounter sufficient descriptions of satellite lesions to make a comment but locoregional metastases may have
an impact upon survival.

From our review, we see that without early surgical intervention prognosis was dire. No patient survived beyond
11 months without surgery. There was no clear difference in survival of patients who received treatment and those
who did not in the absence of surgery.
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Conclusion

Primary gastric melanoma is a rare condition in clinical practice with fewer than 50 cases reported worldwide.
While gastric cancer is the fifth most commonly diagnosed cancer worldwide, mucosal melanoma accounts for just
0.03% of new cancer diagnoses [87].

Our review shows that surgical intervention in gastric melanoma is necessary for positive outcomes for these
patients. With a 1-year survival of 56.5% in our cohort of studies, the most significant factor for survival was the
absence of metastasis, highlighting the need for earlier diagnosis. The advent of targeted therapies can help further
improve the survival of these patients postoperatively.

Even with surgery, there was still a high 1-year mortality rate from gastric melanoma. The surgical cohort may
also fare better as they are presenting earlier with less advanced disease, we also could not comment sufficiently
on co-morbidities within each group. As such the surgical cohort will have a better prognosis from the beginning.
Regardless of this, our review suggests that for a patient to have any significant improvement in prognosis then
surgical options must be considered.

There are limitations to our review given that these were single cases across different health systems, countries and
time periods. The information was further limited by differing length of follow-up and patient survival ongoing at
the time of publishing, limiting extrapolation of data accurately. However, given the rarity of this disease there are
no ongoing trials in place at present to help extend the current base of knowledge. The review shows that individual
case studies can help guide management of rare diseases.

Future perspective

The genetics of mucosal melanoma show us that the pathway differs from that of the more common cutaneous
melanoma with both patient cohort and risk factors differing between both diseases. This means that optimum-
targeted therapies used in primary gastric melanoma may differ from those used in cutaneous disease and highlight
the need for randomized control trials. Given the rarity of this disease, a trial is extremely difficult to undertake
but understanding of the genetics and targeted therapies may provide new avenues to treatment as an adjunct to
surgical management.

Summary points

e Primary gastric melanoma is an extremely rare clinical condition with a poor prognosis at diagnosis.

e Distal solid metastases at diagnosis are significantly reduced 1-year survival. Local lymph node metastases do not
significantly impact survival.

e Mean survival of the surgical group with treatment was 17.67 months (+12.4) versus 22.62 months (£23.23) in the
nonadjuvant group. This difference was not statistically significant.

e Comparison of the mean survival between the surgical 21.05 months (+20.2) and nonsurgical group 4.5 months
(£3.61) was statistically significant.

e Appearances can vary greatly at endoscopy and lesions can appear without melanin.

e Immunohistochemistry is vital at histological workup for identification of gastric melanoma, it is critical in
amelanotic lesions.

e Full clinical and ophthalmological examination should be undertaken to outrule spread from a primary
cutaneous lesion.

e Positron emission tomography/computed tomography is the most useful adjunct to clinical workup for assessing
metastatic spread.

e Surgical options should be offered to patients where suitable, for improved prognosis.

e Treatment regimens are extrapolated from cutaneous melanoma but genotyping of lesions may help better
direct future treatments.
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