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Abstract

BACKGROUND

Primary malignant melanoma of the esophagus (PMME) is a rare malignant disease
whose clinical and molecular pathological features, origin and pathogenesis, diagnosis

and treatment have not been elucidated.

CASE SUMMARY

In this paper, we report a case of a 73-year-old male with primary malignant melanoma
of the esophagus (PMME). The patient complained of progressive dysphagia
accompanied by substantial weight loss. Gastroscopy revealed a purple— black bulging-
type mass in the lower esophagus with easy bleeding on contact and scattered satellite
lesions in the stomach. Histopathological biopsy revealed melanocytes in the
esophageal mucosa. Physical examination and multidisciplinary consultation led to
diagnostic exclusion of melanoma originating in other organs, such as the skin.
Through this case report and literature review, we aimed to describe the clinical and
molecular pathological features of PMME and summarize possible pathways of

pathogenesis as well as cutting-edge therapeutic advances.

CONCLUSION
PMME is a rare malignancy of the esophagus with a poor prognosis. Clinicians should

raise their awareness and be able to identify early lesions.
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Core Tip: We report a case of a 73-year-old male with primary malignant melanoma of
the esophagus (PMME) and extensive systemic multiple metastases, with an
unavoidable mortality outcome despite aggressive diagnosis and treatment. Through
this case report and literature review, we aimed to further improve clinicians'
understanding of the clinical and molecular pathological features, origin and
pathogenesis of PMME, to avoid misdiagnosis and missed diagnoses, to present
cutting-edge treatment advances and to develop individualized and comprehensive

treatment plans tailored to patients in an effort to improve their clinical outcomes.

INTRODUCTION

Malignant melanoma is a malignant tumor with extremely high malignancy and
associated with a poor prognosis caused by the malignant transformation of
melanocytes distributed in the stroma. It occurs mainly in the skin but also in the
adjacent mucous membranes of the skin, such as the nasopharynx, oral cavity, and
conjunctiva, and in the gastrointestinal tract, including the rectum and anus. However,
malignant melanoma originating in the esophagus is extremely rarel'l, and there are
ora 400 published case reports worldwidel2l.

Primary malignant melanoma of the esophagus (PMME) accounts for approximately
0.1%-0.2% of primary esophageal malignanciesl], with an estimated incidence of 36
cases per million/yearl2l. It is difficult to diagnosis and is characterized by rapid
progression, high recurrence and metastasis rates, and poor prognosis. The rarity of
PMME, limited awareness of clinicians, and diverse histomorphology of the disease
have been shown to lead to a low presurgical confirmation rate and frequent
misdiagnosis as esophageal cancer, hemangioma, lymphoma, hematoma or other
disease at initial presentation.

Therefor@nthere is an urgent need to better understand the characteristics of PMME.
We report a case of PMME in a 73-year-old male, along with a literature review of

previous cases, to summarize the epidemiological features and clinicopathological




characteristics of PMME, explore potential pathogenic mechanisms, and report on

cutting-edge advances in biologic therapy.

CASE PRESENTATION

Chief complaints
A 73-year-old Chinese male complained of progressive dysphagia for 7 mo.

History of present illness

Seven months prior, the patient began to have dysphagia with no obvious cause that
was initially obvious when eating solid food, which required water intake; his condition
worsened, and eventually the patient could eat only liquid food and suffered
substantial weight loss of approximately 9 kg; there was no chest pain, nausea,
vomiting, vomiting blood, black stool or other discomfort. He then consulted a local
hospital, and gastroscopy revealed a purple—black mass in the lower part of the
esophagus (30-39 cm from the incisor); when touched, red blood flowed from this mass.
The local hospital proposed a diagnosis of hematoma or hemangioma, and given the
risk of bleedingﬁssociated with biopsy, no aggressive biopsy was performed to obtain

pathology, and the patient was referred to our hospital for treatment.

History of past illness

The patient had a history of fish spikes that had been stuck in the esophagus 1 year
prior, a condition that resolved on its own without endoscopy. Forty years previously,
he was diagnosed with tuberculous pleurisy and was cured with standardized

antituberculosis treatment for 3 years.

Personal and family history

The patient denied any familial history of malignancy.

Physical examination




The admission vital signs were as follows: body temperature, 36.1°C; blood pressure,

14.1/9.8 KPa; heart rate, 81 beats per min; and respiratory rate, 21 breaths per min. In
addition, the patient was lean with a body mass index of 18.5 kg/m?; there was painless
enlargement of axillary and inguinal lymph nodes along with abdominal tenderness
unaccompanied by pressure pain or rebound pain; no abnormal masses were palpated.

Manual anal examination was not performed.

Laboratory examinations

Hemoglobin levels were normal. Serum tumor markers were normal (including CEA,
CA19-9, and AFP). The fecal occult blood test was negative. The coagulation function D-
dimer level was 0.82 pg/mL (reference value less than 0.5 pg/mL). The remaining

routine blood and urine analysis showed no abnormalities.

Imaging eaﬁminaﬁons

Enhanced CT of the chest, abdomen and pelvis showed a soft tissue mass in the middle
and lower esophagus, suggesting esophageal cancer, and multiple enlarged lymph
nodes on the gastric lesser curvature and retroperitoneum. Enhanced CT of the chest
showed a clear intrapulmonary artery filling defect, and pulmonary thromboembolism
was considered. Upon cranial MRI, no important abnormal signal was seen in the brain

parenchyma.

FURTHER DIAGNOSTIC WORK-UP

Gastroscopy was repeated and showed a bulging mass in the esophagus (30-40 cm from
the incisor) characterized by a blackish color, rough surface, seeming erosion in the
middle of the lesion, and easy bleeding on contact; it caused a narrowing of the
esophageal lumen, but an endoscope could pass by it. The gastric fundus and mucosa of
the gastric body were scattered with multiple flat elevated lesions, approximately 0.4-
0.6 cm in size and blackish in color. Ultrasound endoscopy revealed that the lesion

had mixed echogenicity, predominantly hypoechogenicity, and involved the entire wall




of the duct, with enlarged lymph nodes visible outside the wall. A diagnosis of
malignant melanoma of the esophagus was considered with a high possibility.

Upon histopathological examination, the combined morphological and
immunohistochemical findings were consistent with malignant melanoma
(immunohistochemistry: S-100 monoclonal (+), HMB45 (+), Melan-A (+), Ki67 (MIB-1)
(80% +), SOX-10 (+), CK (AE1/AE3) (-)).

Whole-body PET-CT revealed hypermetabolic occupancy in the lower and middle
esophagus, multiple hypermetabolic lymph nodes throughout the body, multiple
hypermetabolic foci in bone, and malignant lesions with multiple metastases in lymph
nodes and bone. A ground-glass shadow in the lower lobe of the left lung with mild
metabolic increase was seen and cited for close follow-up.

The patient had a brown swelling of approximately 0.5 cm in diameter behind the

right ear, which was diagnosed as seborrheic keratosis on dermoscopy.

MULTIDISCIPLINARY EXPERT CONSULTATION

None.

FINAL DIAGNOSIS

Given the patient's medical history and the results of adjuvant examinations, the final
diagnosis was primary malignant melanoma of the esophagus with gastric metastasis,
lymph node metastasis, bone metastasis, possible pulmonary metastasis, and acute

pulmonary thromboembolism (low- to moderate-risk)4l.

TREATMENT

Considering the patient's tumor stage and physical status, the oncology specialist was
invited to develop a first-line treatment plan: chemotherapy + immunotherapy,
including dacarbazine and PD-1 (pablizumab). Considering the patient's risk of
bleeding from esophageal tumors, the prescribed anticoagulation regimen was

edoxaban 30 mg per day orally for pulmonary thromboembolism. In addition, due to




the patient's significant dysphagia and weight loss, we gave him individualized

intravenous nutrition infusion, including glucose, essential amino acids, fat emulsion

and electrolytes.

OUTCOME AND FOLLOW-UP

Telephone follow-up was performed 3 mo after the diagnosis, and the patient had died.

DISCUSSIO}%

In this paper, we report a rare case of primary malignant melanoma of the esophagus
(PMME) that included extensive systemic metastases and concomitant tumor-associated
pulmonary thromboembolism and resulted in patient death as the final outcome.
PMME is very rare and accounts for approximately 0.1%-0.2% of priraary esophageal
malignancies!> ¢l It is mostly seen in elderly people approximately 70 years of age and
is more common in men than in women, with a male to female ratio of approximately
2:1171, Tt is primarily found in the lower and middle esophagus (>90% of cases), with the
lowest incidence in the upper segment(2 8l. The clinical manifestations are atypical, do
not attract sufficient attention and vigilance, and may include progressive dysphagia,
retrosternal pain, and weight lossl® 10], with a small number of cases being identified
incidentally on physical examinationl. PMME is highly aggressive and progresses
rapidly clinically, with distant metastases observed at the time of diagnosis in 18.4% of
patientsl®l and lymph node metastases occurring most frequently, followed by liver,
lung, and brain metastasesl®l. According to previous studies, the median survival time
of PMME patients is only 10-20 mo, with an overall 5-year survival rate of 5%I to
20%[31. Early and accurate diagnosis and individualized comprehensive treatment may
prolong the survival time of PMME patients.

Early and accurate diagnosis of PMME relies on imaging examinations such as
endoscopy, ultrasound endoscopy, CT, MRI, and PET-CT, but histopathological
examination remains the gold standard for confirming the diagnosis. Possible findings

are summarized in the following list according to examination modality. Endoscopic




findings are as follows: wide basal polyp-like, myxoid mass with black, brown, gray or
dark brown surface due to different degrees of pigmentation; some lesions may have
ulcers on the surface and bleed easily when touched; most lesions are solitary, a few are
multiple, and surrounding satellite lesions may also be seen. Ultrasound endoscopic
findings are as follows: mainly originating from the mucosal layer; showing a
heterogeneous hypoechoic shadow. Histopathological findings are as follows: gross
pathology may show polypoid, myxoid, or nodular elevations with or without melanin
deposition. Routine HE staining can reveal melanin granules; microscopically, tumor
cells infiltrate to varying depths and can infiltrate the plasma membrane with nested
clusters, sheets, epithelial-like distribution, and rich interstitial vasculature; tumor cell
infiltration can be accompanied by varying degrees of lymphocytic infiltration;
melanocytes vary in size and volume and are round, polygonal, or irregular in shape,
with large nuclei, partially visible eosinophilic nucleoli, easily seen pathological nuclear
divisions, and abundant cytoplasm[!2l. Immunohistochemical findings are as follows:
positive expression of proteins such as human melanoma black antibody (HMB 45),
melanoma antigen protein (Melan- A), S-100, vimentin, and Sry-related HMg-Box gene
10 (SOX-10) but not epithelial tumor markers, myogenic markers or lymphoma
markers, etc.[10],

Among them, HMB45 and Melan-A have shown better specificity!'> 4l. Therefore,
the Allen-Spitz diagnostic criteria are currently the more accepted diagnostic criteria for
PMME, which include (1) tumors originating from areas of junctional changes within
the esophageal squamous epithelium; (2) histology with typical melanoma structure
and the presence of melanin granules within the tumor cells; (3) positive
immunohistochemical staining for HMB45 and/or 5-100; and (4) exclusion of metastasis
of primary lesions in melanoma-prone sites such as skin, eye, anus, and rectum.

Patients with PMME have a short survival time and high mortality rate, and the
exploration of their treatment options has never stopped. Scholars worldwide have not
reached a consensus regarding PMME treatment options, which are mainly derived

from treatment experience with cutaneous malignant melanoma. It is currently believed




that radical surgical excision remains the treatment of choice for patients with early
operable PMME. However, one study found multiple postoperative tumor recurrences
despite radical esophagectomy, and further analysis of driver gene heterogeneity and
clonality revealed recurrent subclonal drivers originating from the initial tumor,
suggesting that early spread already existed beyond the scope of surgical resectionl(®l.
This finding needs to be validated by additional studies and replication in patients with
different tumor stages. If migration and implantation of subclones is confirmed to have
occurred at an early stage of the tumor, in addition to early diagnosis and early surgical
resection, more aggressive adjuvant therapy will be required postoperatively.
Postoperative adjuvant therapy can be considered a multidisciplinary combination of
radiotherapy, chemotherapy, targeted therapy, immunotherapy, etc. However, there is a
wide divergence in the findings of previous studies as to whether combination therapy
will considerably prolong the survival of patients. A large retrospective study in China
showed that radiotherapy was an independent influencing factor on the overall survival
of PMME patients, and the longest overall survival time among patients who received
radiotherapy was up to 8.4 years, suggesting that individualized radiotherapy may be a
key direction for future study regarding PMME treatment. In contrast, some studies
have shown that radiotherapy and chemotherapy have limited therapeutic effects on
PMME patients and do not prolong their survival timel2 15,

In recent years, the widespread use of molecular biology technologies such as
second-generation gene sequencing has made it possible to explore PMME at the level
of gene mutations and to develop individualized targeted therapies and
immunotherapyl" 3. For example, Li et al found genetic mutations in the MAPK
signaling pathway in 55% of PMME samples, suggesting that MEK/MAPK inhibitors
may be suitable for the treatment of some PMME patients and help improve their
clinical outcomes!'®l. In addition, immunotherapy is an emerging area of research in the
treatment of PMMEL 7. Programmed death 1 (PD-1) inhibitors such as pablizumab
and nabritumomab and cytotoxic T-cell-associated antigen 4 inhibitors such as

ipilimumab have been shown to significantly prolong overall survival in metastatic




cutaneous melanoma when combinedl?. Indeed, immune checkpoint inhibitors are
currently positioned as first-line therapy for cutaneous melanoma without BRAF gene
mutations(!8], but their effectiveness in the treatment of PMME remains to be evaluated
in multiple-phase clinical trials. Wang ef al conducted a retrospective analysis of clinical
data from 76 patients with advanced PMME in China who were classified into
chemotherapy, targeted tﬂérapy, and PD-1 inhibitor groups. The results found that
progression-free survival was significantly longer in the PD-1 inhibitor group than in
the chemotherapy group (15.6 mo vs. 3 mo, P < 0.001); it appears that PD-1 inhibitors
hold promise for improving survival in patients with advanced PMMEI!91.

The origin of PMME has been the focus of debate, and its pathogenic mechanism is
still unclear. The following hypotheses have been proposed: (1) PMME originates from
melanocytes in the basal layer of the esophageal mucosal epithelium, and injury factors
and overstimulation of growth factors produced by local cells in the mucosa contribute
to the development of PMME. (2) In previous reports, melanocytes were not observed
microscopically in some patients, whereas black granules were visible in the adjacent
squamous epithelium of nonpigmented melanoma tissue, and melanin markers were
positively expressed on the surface of the black granules, thus presumably suggesting
an associated pathogenesis that involves black granules near highly proliferating
malignant melanoma tissue in normal squamous epithelium!?l. It has also been shown
that both pigmented and nonpigmented malignant melanomas are derived from black
granules in adjacent squamous epithelium. (3) In addition, it has been proposed that
PMME originates from ectodermal neural crest melanocytes and that neural crest
melanocytes migrate or become disoriented during embryonic development and remain
in the esophageal epithelium, leading to PMME. (4) Molecular biology has provided
some clues to the occurrence and progression of PMMEL 161, In one study, whole-exome
testing of primary tumor, recurrent tumor, and normal control tissues from the same
PMME patient revealed ARHGAP35 gene mutations throughout tumorigenesis and
recurrence and indicated that ARHGAP35 gene mutations play an important role in

promoting tumor recurrence and metastasis as well as the immunosuppressive




microenvironmentl®l. (5) In addition, a series of driver gene mutations, such as BRAF,
NRAS, PTEN, and TP53, have been observed in PMME samples with a high degree of
microsatellite instability, suggesting the involvement of the MEK/MAPK signaling
pathway in PMME developmentl!. 216 21]. The findings of another study are consistent
with this finding, showing a high degree of genetic instability and intratumoral
heterogeneity in PMME samples and showing from gene clustering analysis that
MAPK, TGF-p and other signaling pathways are involved in the progression of
PMME/®l. However, a study in which the genetic profiles of 20 PMME patients were
analyzed did not find mutations in genes common to melanoma, such as BRAF and
TP530%l. Therefore, the molecular genetic profile of PMME still needs to be analyzed and
validated with a larger sample size. In addition to the question of pathogenic
mechanism, the metastatic pathway of PMME is also an aspect we need to consider. The
metastatic pathways of malignant tumors include direct infiltration, lymphatic
metastasis and hematogenous metastasis. However, some patients with PMME have
double or multiple primary tumors (approximately 13%)E2, and endoscopic
examination mostly shows satellite foci in the stomach and duodenum, which does not
exclude the presence of very early tumor cell migration and implantation(®l, submucosal
dissemination!', longitudinal spread??], and tumors with multifocal origin!?I.
Compared with previous case reports, our study also has strengths and
weaknesses. While previous reports focused on the clinicopathological features of
PMME and tumor infiltration and metastasis, our study comprehensively addressed
multiple aspects of pathogenesis, early diagnosis, and cutting-edge therapeutic
advances in addition to the clinicopathological features and malignant biological
behavior of the tumor. Moreover, while previous studies mentioned complications such
as pericardial effusion and third-degree atrioventricular block, our study highlights for
the first time that pulmonary thromboembolism, a tumor-associated complication, can
increase the complexity of the patient's condition and limit more aggressive
comprehensive treatment, advocating that clinicians should also enhance the diagnosis

and management of tumor-associated complications. The shortcoming of our study is




that the patient in our report declined molecular tests such as BRAF and NRAS due to
economic factors, and the presence of meaningful driver mutations could not be
clarified, creating a certain obstacle to the development of individualized targeted and

immunotherapy regimens. Unfortunately, the patient experienced a fatal outcome.

EONCLUSION

Primary malignant melanoma of the esophagus (PMME) is a rare nonepithelium-
derived malignancy of the esophagus with poor prognosis. Due to the atypical clinical
presentation and diverse histomorphology, the accuracy of preoperative diagnosis is
low. Clinicians and endoscopists should be aware of rare esophageal diseases, increase
their vigilance regarding these disease, and identify early lesions in a timely manner.
Standardized surgical resection combined with adjuvant therapy is still the mainstream
treatment pathway for PMME, and more promising therapeutic targets, radiotherapy
and immunotherapy options need to be explored in the future to improve the prognosis

of PMME patients.
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