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Abstract: Background and clinical significance: Cutaneous melanomas sometimes display
unusual histopathological features, reminiscent of various other malignancies, either pri-
mary or metastatic. However, due to the highly aggressive nature of cutaneous melanomas,
an accurate and timely diagnosis is mandatory. This requires extensive histopathological
and immunohistochemical analyses and molecular tests, if needed. Case presentation: In
this respect, we present two cases of primary cutaneous melanomas exhibiting rhabdoid
features and genuine divergent rhabdomyosarcomatous differentiation confirmed by im-
munoreactivity for myogenin and loss of positivity for some melanocytic markers. We
discuss the diagnosis approach for these particularly rare entities, highlighting the most
useful immunohistochemical panel. Additionally, we also provide an extensive review of
all the previously reported similar lesions, focusing on the epidemiological, histopathologi-
cal, immunohistochemical and molecular features, as well as discussing the prognostic and
treatment options for rhabdomyosarcomatous cutaneous melanomas. Conclusions: These
rare cases of primary cutaneous melanomas with rhabdomyosarcomatous differentiation
underscore the diagnostic challenges posed by such unusual histopathological variants. In
order to establish the correct diagnosis a comprehensive immunohistochemical workup,
including both melanocytic and myogenic markers, is required. These findings are sup-
ported by a detailed review of the literature, emphasizing the importance of recognising
these rare melanoma subtypes for providing the appropriate prognostic assessment, and
therapeutic management.

Keywords: melanoma; dedifferentiated; rhabdoid; rhabdomyosarcomatous;
immunohistochemistry; genetic mutations

1. Introduction
Melanoma is a heterogeneous disease characterised by significant variability across

clinical, histopathological, immunohistochemical, and molecular features, all of which in-
fluence both therapeutic strategies and prognosis [1]. A subset of cutaneous melanomas can
undergo divergent differentiation, displaying immunohistochemical and ultrastructural
features of other cell lineages such as epithelial cells, fibroblasts, nervous cells, osteo-
cartilaginous cells, endothelial cells, smooth muscle, or rhabdomyoblasts [2–4]. In 1992,
Bittesini L et al. first described a rhabdoid melanoma in lymph node metastasis [5]. To
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date, several other cases of rhabdoid melanomas have been reported but most of them
involve metastatic lesions [6–22]. However, not all the cases displayed definitive rhab-
domyosarcomatous dedifferentiation, confirmed by immunohistochemical analysis or
electron microscopy studies. Additionally, rhabdomyosarcomatous dedifferentiation has
also been described in recurrent melanomas [23,24].

On the contrary, primary rhabdoid melanomas are exceedingly rare. Nevertheless,
these features have been reported in both primary mucosal melanoma [25–30] and pri-
mary cutaneous melanoma [30–42]. Notably, the majority of these cases fail to exhibit true
immunohistochemical myogenic differentiation, with only a limited number of primary
cutaneous melanomas displaying desmin positivity [30,33,37,40]. Furthermore, primary
cutaneous melanomas with authentic rhabdomyoblastic differentiation demonstrated by
myoglobin immunoreactivity remain exceptionally uncommon [30,40]. In this article, we
present two additional cases of primary cutaneous melanoma with rhabdomyoblastic
differentiation and provide a comprehensive review of the previously reported rhab-
doid melanomas, both primary or metastatic. Emphasis is placed on cases with genuine
rhabdomyosarcomatous dedifferentiation by discussing the epidemiology, diagnostic ap-
proaches, and prognosis of these patients.

2. Materials and Methods
This study was approved by the Ethics Committee at the University Emergency Hos-

pital of Bucharest, Romania. This study followed the principles of the Helsinki Declaration.
Additionally, both patients included in this article signed an informed consent form.

The tissue samples obtained from the surgical removal of the cutaneous tumours were
fixed in 10% buffered histologic formalin, paraffin-embedded, sectioned, and Hematoxylin–
Eosin (HE)-stained according to conventional histology methods.

Immunostaining was performed using the Dako labeled Streptavidin–Biotin (LSAB)
(Agilent Technologies, Inc., Santa Clara, CA, USA) kit with 3,3′-diaminobenzidine as chro-
mogen. The following antibodies were provided by Biocare (Biocare Medical, Pacheco,
CA, USA): HMB45 (mouse monoclonal, clone HMB-45, 1:100 dilution), SOX10 (mouse
monoclonal, clone BC34, Biocare Clone, 1:100 dilution), Prame (rabbit monoclonal, clone
EPR20330), 1:100 dilution, Vimentin (mouse monoclonal, clone V9, 1:200 dilution), Desmin
(mouse monoclonal, clone D33, 1:50 dilution) and Myogenin (mouse monoclonal, clone
MyG007—also known as F5D, 1:100 dilution). Genetic testing for BRAF mutations was per-
formed using an Idylla™ BRAF Mutation Assay cartridge (Biocartis, Mechelen, Belgium).

Additionally, an extensive review of the literature was conducted, encompassing
papers published up to the year 2025 in PubMed-indexed journals that discuss melanomas
with rhabdoid features, with emphasis on those demonstrating true rhabdomyosarcoma-
tous differentiation. All types of articles were included: reviews, original studies, and
case reports. The keywords used in the database search were rhabdoid melanoma, rhab-
domyosarcomatous melanoma, and rhabdomyoblastic melanoma.

Descriptive statistics were provided for continuous variables, including mean and
standard deviation (SD). Comparisons for continuous variables were performed using the
unpaired t-test while the Chi-Square test was used for categorical variables. Statistical sig-
nificance was established at a p-value threshold of <0.05. Statistical analysis was performed
using GraphPad Prism 10.4.2 (Graphpad Software Inc., San Diego, CA, USA).

3. Results
3.1. Case 1

A 41-year-old male presented to the Emergency University Hospital of Bucharest in
2023, following an episode of an epileptic seizure. The patient had no notable medical
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history. The only significant finding revealed by the clinical examination was an ulcerated
nodular lesion measuring 8 × 7 × 5 cm with adjacent confluent nodules with dimensions
of 9 × 4 × 2.5 cm on his left thigh (Figure 1).

 

Figure 1. Large, ulcerated nodular tumour with smaller satellite nodules.

The tumour was surgically removed with wide resection margins (>2 cm) and sent for
histopathological and immunohistochemical examination.

Histopathological sections showed a proliferation of highly atypical neoplastic cells
arranged in nests and lobules separated by fibrous septa. The tumour exhibited ulceration
of the overlying epidermis and extended deeply into the subcutaneous tissue (Figure 2).

   

(a)  (b) 

Figure 2. (a) Nests of tumour cells ulcerating the epidermis (H&E, 4×); (b) Highly pleomorphic cell
nests separated by fibrous septa (H&E, 20×).

The tumour cells were large and polygonal, with an abundant eosinophilic cytoplasm
containing hyaline inclusions and large, eccentric nuclei with prominent nucleoli. Multinu-
cleate cells were also present. Additional noteworthy findings included areas of necrosis
and vascular emboli. Based on these features, the initial differential diagnoses were alveolar
soft part sarcoma and rhabdomyosarcoma. Nevertheless, as more sections were evaluated,
a few scattered pigmented cells were noticed, thus raising the suspicion of melanoma with
rhabdoid features (Figure 3).
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(a)  (b) 

Figure 3. (a) Tumour cells in a pseudo-alveolar growth pattern with central discohesion and necrosis
(H&E, 10×); (b) Large, pleomorphic cells with eosinophilic cytoplasm and eccentric nuclei. Occasional
multinucleated and pigmented cells are noted (H&E, 40×).

Immunohistochemical analysis revealed the tumours cells to be completely negative
for HMB45. In contrast, there was diffuse positivity for desmin and focal positivity for
myogenin (Figure 4).

   
(a)  (b) 

 
(c) 

Figure 4. (a) Negative HMB45 immunoexpression in the tumour cells; (b) Diffuse positivity for
desmin in the tumour cells; (c) Focal positivity for myogenin in the tumour cells.

However, the tumour cells displayed diffuse positivity for SOX10 and Prame, includ-
ing in the rhabdoid areas (Figure 5). Based on these results, the diagnosis of primary
cutaneous melanoma with rhabdomyosarcomatous differentiation was established.



Diagnostics 2025, 15, 1357 5 of 18

   
(a)  (b) 

Figure 5. (a) Diffuse positivity for SOX10 in the tumour cells; (b) Diffuse positivity for Prame in the
tumour cells.

Following the diagnosis, genetic tests for BRAF mutations revealed a wild-type pheno-
type. The patient also underwent full-body CT scans and brain MRI, which demonstrated
the presence of cerebral metastases. The patient was initially lost to follow-up but returned
to the hospital twelve months later with ascites, breathing difficulties, and altered mental
state. A novel full-body CT scan revealed an increase in the cerebral metastasis as well as
the presence of abdominal and pulmonary metastases. The patient died due to widespread
disease 12 months later.

3.2. Case 2

A 42-year-old male presented to the Emergency University Hospital of Bucharest in
2024, with an ulcerated nodular lesion measuring 6 × 5.5 × 2.8 cm with extensive areas of
necrosis and haemorrhage on his posterior thorax. The patient also reported worsening
fatigue and persistent back pain over the preceding several months. The tumour was
surgically removed with wide resection margins (>2 cm) and sent for histopathological and
immunohistochemical examination. The clinical exam revealed no other skin lesions.

Histologically, the tumour was composed of nests and sheets of large pleomorphic
cells, ulcerating the epidermis and invading the skeletal muscle of the thorax. The tumour
cells were large and polygonal with an abundant eosinophilic cytoplasm. The nuclei were
eccentric and had a conspicuous nucleolus (Figure 6).

   
(a)  (b) 

Figure 6. (a) Nests of tumour cells infiltrating the skeletal muscle (H&E, 4×); (b) Rhabdoid cells with
abundant eosinophilic cytoplasm and eccentric nuclei (H&E, 40×).

Additionally, extensive areas of necrosis were noted, and following extensive analysis
of multiple sections, a few scattered pigmented cells were revealed (Figure 7).
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(a)  (b) 

Figure 7. (a) Extensive areas of geographic necrosis intermingled with sheets of tumour cells (H&E,
4×); (b) Sheets of large rhabdoid cells and a few, smaller pigmented cells (H&E, 20×).

Immunohistochemically, the cells were completely negative for HMB45, while being
focally positive for both desmin and myogenin (Figure 8).

   
(a)  (b) 

 
(c) 

Figure 8. (a) Negative HMB45 immunoexpression in the tumour cells; (b) Focal positivity for desmin
in the tumour cells; (c) Focal positivity for myogenin in the tumour cells.

Nevertheless, the tumour cells were diffusely positive for SOX10 and Prame (Figure 9).
Based on these features, the diagnosis of primary cutaneous melanoma with rhabdomyosar-
comatous differentiation was established.
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(a)  (b) 

Figure 9. (a) Diffuse positivity for SOX10 in the tumour cells; (b) Diffuse positivity for Prame in the
tumour cells.

Following this diagnosis, genetic tests for BRAF mutations were again performed and
no abnormalities were noted in this regard. The patient also underwent full-body CT scans
and brain MRI which revealed the presence of cerebral, pulmonary, and bone metastases.
The patient initially received anti-PD1 therapy, but a new full body CT scan three months
later showed an increase in the number and dimension of the metastatic lesions. Conse-
quently, chemotherapy with dacarbazine was started. Nevertheless, subsequent CT scans
at 6 months after the diagnosis revealed the disease had continued to progress and the
patient succumbed to the disease 10 months later.

4. Discussion
Rhabdoid morphology in melanomas was originally described in a metastatic lesion

in 1992 [5] and to this date, although uncommon, several other authors reported similar
features in metastatic melanoma [6–22]. Nevertheless, rhabdoid morphology does not
inherently imply true rhabdomyoblasic differentiation. In light of this view, we compare
the main histological and immunohistochemical features observed in previously reported
metastatic rhabdoid melanomas (Table 1).

Table 1. Previously reported cases of metastatic melanomas with rhabdoid features.

Reference Age Gender Primary
Tumour Site Melanocytic

Markers
Other

Markers
Ultrastructural

Features
Molecular

Tests

Bittesini L et al.,
1992 [5] 74 Male N/A Axillary

lymph nodes
Negative:

S100, HMB45

Positive:
Vimentin,
desmin

Whorls of
intermediate
filaments; no
melanosomes

NP

Laskin WB et al.,
1995 [6] 60 Male Melanoma

NOS
Subcutaneous

tissue
Negative:

S100, HMB45

Positive:
vimentin,
desmin

Negative:
myoglobin

Paranuclear
aggregates of
intermediate
filaments; no
tonofilaments,

melanosomes, or
skeletal muscle
differentiation.

NP
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Table 1. Cont.

Reference Age Gender Primary
Tumour Site Melanocytic

Markers
Other

Markers
Ultrastructural

Features
Molecular

Tests

Pasz-Walczak G
et al., 2002 [7]

32 Female Melanoma
NOS Lymph node

Positive:
S100

Negative:
HMB45

Positive:
desmin NP NP

41 Female Melanoma
NOS Brain Positive:

HMB45
Positive:
desmin NP NP

Abbott JJ et al.,
2004 [8] 62 Male N/A Lung

Positive:
S100, focally

Mart-1
Negative:
HMB45,
MelanA,

tyrosinase

Positive:
Vimentin,

CD56
Negative:
desmin,

SMA, EMA

Paranuclear
whorls of

intermediate
filaments and no

melanomas

NP

Gharpuray-
Pandit D et al.,

2007 [9]
21 Female N/A

Latero-
cervical

lymph nodes

Focally
positive:

S100,
HMB45,
MelanA,

Tyrosinase

Positive:
Desmin,

myoglobin,
myogenin

and Myo D1
in rhabdoid

areas

Nonpigmented
melanosomes

with primitively
developed

lattices; no rhab-
domyoblastic
differentiation

NP

Gavino AC et al.,
2008 [10] 64 Male Acral

melanoma
Subcutaneous

tissue

Focally
positive:

S100, HMB45

Positive:
Vimentin
Negative:
desmin,

SMA, MSA

Condensed,
twisted sheaves
of intermediate

filaments

NP

Nakamura T
et al., 2009 [11] 44 Female N/A Subcutaneous

tissue

Positive: 100,
MelanA

Negative:
HMB45

Positive:
Vimentin,

EMA
Negative:
Desmin,
CD34,

cytokeratin

NP NP

Guo R et al., 2013
[12] 85 Male Nodular

Melanoma
Parotid
gland

Positive:
MIFT

Negative:
S100,

HMB45,
MelanA,

Tyrosinase

Desmin-,
SMA- NP

gains in 6p
(RREB1),

chromosome
7, and

8q11.1-q24.3
(MYC)

additional
copy of chro-
mosomal 7q
(BRAF), loss

of
chromosome
9p24.3-q13
(CDKN2A)

and
chromosome
4 (Melan A
encoding

gene)

Reilly DJ et al.,
2014 [13] 59 Male Nodular

Melanoma
Axillary

lymph nodes

S100,
HMB45,
MelanA,

Tyrosinase
focally

positive,
negative in
rhabdoid

areas

Positive:
Desmin,

myogenin
Negative:

SMA

NP BRAF
mutated



Diagnostics 2025, 15, 1357 9 of 18

Table 1. Cont.

Reference Age Gender Primary
Tumour Site Melanocytic

Markers
Other

Markers
Ultrastructural

Features
Molecular

Tests

Agaimy A et al.,
2016 [14]

24 Female Melanoma
NOS Lung

Positive in
isolated cells:

S100,
HMB45, Pan-

Melanoma
Negative:
HMB45,
MelanA

Positive:
desmin,

SMA,
myogenin,
myoglonin

NP
BRAF

V6000E
mutated

69 Female N/A Jejunum

Negative:
S100,

HMB45,
MelanA, Pan-
Melanoma,

SOX10

Positive:
desmin,

myoglobin,
myogenin
Negative:

SMA

NP

BRAF
wild-type,

NRAS
wild-type

Dumitru AV
et al., 2018 [15] 57 Female N/A Ileum

Positive:
Pan-

Melanoma,
MART-1,
S100 in

classic areas
Negative:
HMB45

Positive in
rhabdoid

areas:
Desmin,

actin,
myoglobin

NP NP

Campbell K et al.,
2018 [16] 52 Female Invasive

melanoma

Axillary
lymph nodes

Positive:
S100, Mart-1

Positive:
desmin

Negative:
myogenin

NP
BRAF

V6000E
mutated

Thoracic
vertebra

Focally
positive:
HMB45

Negative:
S100, Mart-1,

SOX10

Positive:
desmin,

myogenin
NP NP

Kidney

Focally
positive:
HMB45,
SOX10,
Mart-1

Negative:
S100

Positive:
desmin,

myogenin
NP NP

Tran TAN et al.,
2019 [17] 65 Female Nodular

Melanoma Lung

Negative:
S100, SOX10,

MITF,
MelanA,
HMB45

Positive:
desmin,

myogenin
NP BRAF V600E

mutated

Mehta A et al.,
2020 [18] 65 Male N/A Lung

Positive:
HMB45,
MelanA,
SOX10

Negative:
S100

Positive:
Vimentin,
desmin,

SMA, WT1

NP

BRAF
wild-type,

c-KIT
mutated

Tzanavaris K
et al., 2022 [19] 63 Male Nodular

Melanoma
Base of
tongue

Positive: S00,
HMB45,
MelanA,
SOX10

Focally
positive:

Myogenin,
Myo-D1,
chromo-

granin and
synapto-
physin

NP BRAF V600E
mutated

Cilento MA et al.,
2022 [20] 57 Female Melanoma

NOS Abdominal

Focal
positivity for
melanocytic

markers

Positive:
Myogenin NP BRAF V600E

mutated
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Table 1. Cont.

Reference Age Gender Primary
Tumour Site Melanocytic

Markers
Other

Markers
Ultrastructural

Features
Molecular

Tests

Kasago IS, 2023
[21]

69 Female N/A
Deep

abdominal
wall

Focally
positive:
Prame

Negative:
S100,

HMB45,
SOX10,

MelanA,

Positive:
Desmin,

Myogenin,
MyoD1

NP NF1 R1241
mutated

21 Female Melanoma
NOS

Positive:
Prame,

BRAF V600E
Negative:

S100,
HMB45,
SOX10,
MelanA

Positive:
Desmin,

Myogenin,
MyoD1

NP BRAF V600E
mutated

N/A = not available; NP = not performed.

The mean age of the patients presented in Table 1 was 54.2 (SD = 18.08) and the male
to female ratio was 1:1.5. Interestingly, only ten cases exhibited genuine rhabdomyosar-
comatous dedifferentiation proved by myogenin or myoglobin immunopositivity. In this
group, the mean age of the patients was 50.64 (SD = 19.11) and the male to female ratio
was 1:4.5.

Regarding primary cutaneous melanomas with rhabdoid features, the previously
reported cases are presented in Table 2.

Table 2. Previously reported cases of primary cutaneous melanomas with rhabdoid features.

Reference Age Gender Conventional
Melanoma Site Immunohistochemistry Molecular

Tests
Treatment and

Follow-Up

Parham DM et al.,
1994 [31] 7 Male N/A Back Positive: S100,

vimentin NP 9 months

Borek BT et al.,
1998 [32]

30 Female Nodular
melanoma Thigh

Positive: S100,
vimentin Negative:

HMB45, SMA, desmin
NP 60 months

36 Female Nodular
melanoma Scalp

Positive: S100,
vimentin Negative:

HMB45, SMA, desmin
NP 12 months

59 Male Nodular
melanoma Back

Positive: S100,
vimentin, SMA

Negative: HMB45,
desmin

NP N/A

Gattenlöhner S
et al., 2008 [33] 41 Male

Primary
cutaneous
melanoma

Scalp Positive: S100, MelanA,
desmin, myogenin

Loss of
chromosome

1q31,
amplification

of 1q32, gain of
12q23-qter

6 months:
DOD

Tallon B et al., 2009
[34] 74 Male

Primary
cutaneous

spindle cell
melanoma

Back

Positive: S100, HMB45,
MelanA in spindle cells,

negative in rhabdoid
cells, Negative: desmin

NP

12 months:
alive with

pulmonary
metastases

Chung BY et al.,
2011 [35] 54 Male

Primary
cutaneous
melanoma

Forearm

Positive: S100, HMB45,
Fontana-Masson silver,

vimentin
Negative: CD68, CD34,

CD99, SMA, desmin

NP 4 months: no
progression
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Table 2. Cont.

Reference Age Gender Conventional
Melanoma Site Immunohistochemistry Molecular

Tests
Treatment and

Follow-Up

Shenjere P et al.,
2014 [30] 67 Female

Primary
cutaneous
melanoma

Chest

Positive: S100, HMB45,
MelanA, MITF in

conventional
melanoma; Desmin,

myogenin, myoD1 in
rhabdoid areas

BRAF wild
type

2 years:
pulmonary

metastases but
died from
unrelated

causes

Kaneko T et al.,
2015 [36] 63 Male

Primary
cutaneous
melanoma

Heel

Positive: S100, MelanA,
HMB45, vimentin
Negative: desmin,

αSMA

BRAF wild
type

Chemotherapy
+ immunother-

apy
44 months:
pulmonary
metastases

Fernández-Vega I
et al., 2016 [37] 80 Male

Primary
cutaneous
melanoma

Forehead

Weakly positive: S100,
SOX10

Positive: vimentin,
desmin

Negative: HMB45,
MelanA, SMA, myoD1

NP
Radiotherapy

2 months:
DOD

Antonov NK et al.,
2016 [38] 75 Male

Primary
cutaneous
melanoma

Scalp

Focally positive:
MelanA, S100,

myogenin
Positive: desmin

NP
Chemotherapy

7 months:
DOD

Prieto-Torres L
et al., 2016 [39] 69 Female

Primary
cutaneous
melanoma

Scapula

Positive: S100, SOX10,
desmin, SMA

Negative: MITF,
MelanA, HMB45,

MyoD1, myogenin,
myoglobin

NP 14 months: no
progression

Kuwadekar A et al.,
2018 [40] 72 Male

Superficial
spreading
melanoma

Scalp

Positive: desmin,
myogenin

Negative: S100, SOX10,
HMB45, MelanA

NP N/A

Murakami T et al.,
2019 [41] 78 Male

Primary
cutaneous
melanoma

Forehead

Positive: S100,
vimentin Negative in

rhabdoid cells: MelanA,
HMB45

Negative: desmin

NP 24 months: no
progression

Tran TAN et al.,
2019 [42] 96 Male

Lentigo
maligna

melanoma
Forearm

Positive: desmin,
myoD1, myogenin

Negative: S100, SOX10,
HMB45, MelanA

NRAS c.182A,
KDR c.3434G

5 months: local
recurrences

Ferreira I et al.,
2021 [43]

68 Male
Superficial
spreading
melanoma

Nose

Positive: desmin,
myogenin, myoD1

Negative: S100, SOX10,
HMB45, MelanA

NF1, TP53,
CDKN2A,

RAC1

8 months:
DOD

85 Female Desmoplastic
melanoma Chin

Positive: des-min,
myogenin, myoD1

Negative: S100, SOX10,
HMB45, MelanA

NF1, TP53,
ATRX, RASA2

34 months: no
progression

Agaimy A et al.,
2021 [44] 55 Female N/A Lower leg

Negative: S100, SOX10,
HMB45, MelanA,
Pan-Melanoma

BRAF V600E

Inguinal,
subcutaneous

lung
metastasis; no

follow-up

Yim SH et al., 2022
[45] 64 Male

Melanoma
arising in

nevus
Scalp

Positive: desmin,
myoD1

Weakly positive: S100,
SOX10

Negative: HMB45,
MelanA, BRAF V600E

NP
Chemotherapy

2 months:
DOD
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Table 2. Cont.

Reference Age Gender Conventional
Melanoma Site Immunohistochemistry Molecular

Tests
Treatment and

Follow-Up

Glutsch V et al.,
2022 [46]

72 Female
Acral

lentiginous
melanoma

Ankle

Positive: S100, SOX10,
MART1, HMB45,

vimentin, PRAME
Negative: desmin

NP
Chemotherapy

11 months:
DOD

74 Male Nodular
melanoma Chest

Positive: desmin,
PRAME

Unspecific/focally
positive: SOX10,

HMB45
Negative: S100,

MART1

NP 2 months:
DOD

75 Male Nodular
melanoma Scalp

Positive: S100, SOX10,
MART1, HMB45,

vimentin, PRAME
Negative: desmin

NP
3 months: in

transit
metastasis

79 Male Nodular
melanoma Arm

Positive: S100, SOX10,
vimentin, PRAME
Negative: desmin,
MART1, HMB45

NP N/A

O’Neill P et al.,
2023 [47] 74 Male Nodular

melanoma Chest

Positive: desmin,
myoD1, myogenin
Negative: SOX10,
HMB45, MelanA

NRAS, TERTp,
CDKN2A, NF1,

FGFR2, CBL,
BLM and TP53

Immunotherapy
42 months:

widespread
metastasis

Choy A et al., 2025
[48] 88 Male Desmoplastic

melanoma Scalp

Focally positive:
SOX10, S100, PRAME,

MelanA, desmin,
MyoD1

Negative: AE1/AE3,
SMA, ERG, BRAF

V600E

N/A 2 months: no
progression

Weigelt MA et al.,
2025 [49] 83 Female N/A Deltoid

region

Positive: PRAME,
desmin, myogenin,

myoD1
Negative: cytokeratins,
HMB45, S100, SOX10,
BRAF V600E, NRAS

Q61R

ARID2,
BRCA2, CRKL,

FANCB,
LZTR1, TERT,
APC, EGFR,

ERBB2, FLCN,
TP53

Immunotherapy
10 months: no

progression

N/A = not available; NP = not performed.

The mean age of the patients presented in Table 2 is 75.75 (SD = 9.49) and the male
to female ratio was 2.375:1. However, only 11 of these cases displayed genuine rhab-
domyosarcomatous dedifferentiation. The demographic and clinical characteristics of
these patients together with the two new cases with primary cutaneous melanomas with
rhabdomyosarcomatous dedifferentiation are presented in Table 3.

Table 3. Primary cutaneous melanomas with rhabdomyosarcomatous dedifferentiation.

Reference Age Gender Tumour Site Metastatic Site

Gattenlöhner S
et al., 2008 [33] 41 Male Scalp Lung, mediastinum,

abdominal organs

Shenjere P et al.,
2014 [30] 67 Female Chest Lung

Antonov NK
et al., 2016 [38] 75 Male Scalp Lung

Kuwadekar A
et al., 2018 [40] 72 Male Scalp N/A

Tran TAN et al.,
2019 [42] 96 Male Forearm Local recurrence
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Table 3. Cont.

Reference Age Gender Tumour Site Metastatic Site

Ferreira I et al.,
2021 [43]

68 Male Nose Lung, brain

85 Female Chin No progression

Yim SH et al.,
2022 [45] 64 Male Scalp Lung

O’Neill P et al.,
2023 [47] 74 Male Chest Lung, liver, spleen, bone

Choy A et al.,
2025 [48] 88 Male Scalp No progression

Weigelt MA et al.,
2025 [49] 83 Female Deltoid region No progression

This paper 41 Male Thigh Lung, brain, abdominal organs

42 Male Back Lung, brain, bone

Summary Mean: 68.92 (SD:17.41) 76.92% male (n = 10)
23.08% female (n = 3)

53.84% head and neck (n = 7)
23.08% trunk (n = 3)
23.08% limbs (n = 2)

Metastatic cases: 66.67% (n = 8)
Matastatic sites: 100% lung
(n = 8), 37,5% abdominal
organs (n = 3), 37,5% brain
(n = 3), 20% bone (n = 2)

Considering only the previously reported cases, the mean age of the patients was
73.91 (SD = 14.06) and the male-to-female ratio was 2.67:1. Interestingly, the two new cases
presented in this paper further confirm the tendency of rhabdomyosarcomatous melanomas
to affect males more frequently than females, but the age of these two patients was consid-
erably younger than the mean age of all the previously reported cases. By also considering
these two cases, the mean age of patients with primary rhabdomyosarcomatous melanomas
was 68.92 (SD = 17.41), and the male-to-female ratio was 3.33:1. Furthermore, as shown
previously, dedifferentiated melanomas tend to occur on highly sun-exposed skin [3], which
may explain the older age of presentation. In this respect, seven of the previously reported
rhabdomyosarcomatous melanomas occurred on the head and neck. However, the two
new cases presented in this study did not arise from highly sun-damaged skin.

Regarding the prognosis of primary dedifferentiated melanomas, it is generally consid-
ered poor [3], and these two new cases we reported confirm this hypothesis. Nevertheless,
both cases presented with locally advanced disease and their reduced survival may be
merely the consequence of the delayed diagnosis, as Breslow depth remains the most impor-
tant prognostic factor in cutaneous melanomas [50]. In comparison, four of the previously
reported rhabdomyosarcomatous melanomas died of the disease with a mean survival time
of just 5.75 months. Overall, 61.54% of all the primary rhabdomyosarcomatous melanoma
patients progressed to metastatic disease, the lungs being involved in each case. The mean
age of the patients who developed metastases was 59 (SD = 15.06), while the mean age of
the patients without metastases was 88 (SD = 5.72). This difference was highly significant
(p = 0.0045; unpaired t-test). Nevertheless, these findings may not accurately reflect the
behaviour of rhabdomyosarcomatous melanomas due to the low number of cases and
because, in four of the remaining seven cases, there was either no follow-up or a very short
follow-up period.

In comparison, metastatic rhabdomyosarcomatous melanomas affected significantly
younger individuals (p = 0.0251; unpaired t-test) and female patients more frequently
than male patients (p = 0.0041; Chi-Square test). These differences further highlight the
highly heterogeneous behaviour of cutaneous melanomas. While the exact mechanisms
of dedifferentiation in primary cutaneous melanoma remain unknown, this phenomenon,
when encountered in metastatic lesions, may represent a way of gaining resistance to
therapy [51,52].
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Finally, in extremely rare instances, rhabdomyosarcomatous features have been de-
scribed in melanomas arising in congenital nevi (Table 4) [53,54].

Table 4. Previously reported cases of rhabdoid melanomas arising in congenital nevi.

Reference Age Gender Site Immunohistochemistry Molecular
Tests Follow-Up

Koyama T et al.,
1996 [53] Newborn Female Scalp

S100, HMB45, NKI/C3 positive in
conventional area, negative in

dedifferentiated area
Desmin, sarcomeric actin positive in

dedifferentiated area
Negative: myoglobin, myosin, SMA

NP N/A

Baltres, A et al.,
2019 [54] 15 months Female Lumbosacral

Negative: SOX10, MiTF, HMB45,
MelanA

Positive: myoD1, myogenin, desmin

SASS6-RAF1
fusion

9 months: lung
and liver

metastasis

N/A = not available; NP = not performed.

However, only one of the two cases of congenital melanomas exhibited true rhab-
domyosarcomatous dedifferentiation, as confirmed by immunohistochemical positivity for
myogenin and myoD1. Having considered this case, as well as the two newly reported cases
and the eleven previously reported cases of primary rhabdomyosarcomatous melanomas,
these entities remain extraordinarily rare, thus posing significant diagnostic challenges. A
melanoma diagnosis can be easily considered when an in situ or conventional melanoma
area is present, but, just as in our cases, these features may not always be evident. Hence,
extensive immunohistochemical studies are required, using a broad panel of melanocytic
markers. In this regard, conventional melanocytic markers such as HMB45, MelanA, or
SOX10 are most often negative in dedifferentiated melanomas [3]. The expression of these
markers is also lost in the majority of the rhabomyosarcomatous melanomas. S100 demon-
strates greater sensitivity, with 50% of the previously reported rhabdomyosarcomatous
melanomas retaining its expression. Nevertheless, its diagnostic utility is limited by its
lack of specificity, as S100 is also positive in other neoplasms such as MPNST, which can
further complicate the definitive diagnosis [55]. Prame appears to be the most sensitive
marker for dedifferentiated melanomas, as described in previous studies [3]. Regarding
rhabdomyosarcomatous melanomas, Prame expression was retained in all four cases evalu-
ated to date, which comprise the two new cases reported in this article and two previously
published cases. However, due to the limited number of analysed samples and because
Prame can also be expressed in other tumours, further studies are required to fully assess
its sensitivity and specificity in diagnosing rhabdomyosarcomatous melanomas.

Finally, molecular tests may be useful for establishing the correct diagnosis by identify-
ing genetic mutations that are characteristic of cutaneous melanomas. As dedifferentiated
melanomas frequently occur on highly sun-damaged skin, NF1 mutations are the most com-
monly encountered [3]. Considering the rhabdomyosarcomatous melanomas, molecular
data were available for eight of the previously reported cases. Of these, the most frequently
mutated characteristic gene was indeed NF1, identified in three cases, followed by NRAS
in two cases. Interestingly, TP53 was also mutated in three cases and CDK2NA and TERT
were mutated in two cases. Even though these alterations are not characteristic for cuta-
neous melanomas, recognizing them is particularly important for prognostic evaluations.
TP53, CDKN2A, and TERT promoter mutations are usually associated with advanced
disease [56] which is consistent with the presumed poor prognosis of rhabdomyosarcoma-
tous melanomas. Nevertheless, identifying these promoter mutations may also influence
the therapeutic approach. Patients harbouring TERT promoter or CDKN2A alterations
may benefit from targeted therapy [57]. Lastly, BRAF mutations, considered the most
common in cutaneous melanoma and significant therapeutic targets [57], remain rare in
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dedifferentiated lesions, as none of the rhabdomyosarcomatous melanomas harboured this
modification. These findings are also confirmed by the two cases presented in this article, as
neither of them was BRAF mutated. On the contrary, the mutational landscape of metastatic
rhabdomyosarcomatous melanomas was quite different. Of the nine metastatic cases with
available molecular profiling, BRAF mutations were identified in seven, while NF1 was
mutated in only one patient and no NRAS mutations were noted. This observation further
underscores the unpredictable nature of rhabdomyosarcomatous melanomas, whether
primary or metastatic. In this context, further studies are necessary to develop the best
diagnostic and therapeutic strategies for these rare entities.

In regard to the treatment of dedifferentiated cutaneous melanomas, the management
of the patients varies based on the stage of the disease. The tumours must be surgically
removed with peripheral resection margins ranging from 0.5 mm for in situ lesions to
>2 mm for tumours thicker than 2 mm. Sentinel lymph node biopsy should be performed
for melanomas thicker than 1 mm or 0.8 mm with additional risk factors [58]. The follow-
up guidelines differ based on country, but they generally include CT/PET-CT and brain
MRI every 3–6 months for patients with stage IIB/IIC or higher [59]. At present, adjuvant
chemotherapy is generally recommended for patients with stage III melanoma (patients
with positive lymph nodes) as well as for patients with metastatic disease [60]. Additionally,
the FDA has also approved treatment for stage IIB//IIC [61]. The most widely used adju-
vant and sometimes neoadjuvant drugs include target therapy with BRAF/MEK inhibitors
as well as immunotherapy with PD-1 inhibitors or CTLA-4 inhibitors [60]. Regarding
dedifferentiated cutaneous melanomas, there are currently no specific treatment guidelines
available. As these neoplasms tend to be BRAF non-mutated, they are most often treated
with immune checkpoint inhibitors. Additionally, other therapeutic options may include
conventional chemotherapy and radiation therapy [24]. Radiotherapy may be used for
treating the primary tumour in patients too frail to undergo surgical excision or for brain
and bone metastases. Conventional chemotherapy is rarely used for treating cutaneous
melanomas nowadays but may still be used as a last resort option for BRAF wild-type cases
who develop resistance or severe toxicity to immunotherapy [58]. Despite this remarkable
progress in treating cutaneous melanomas, the rate of resistance to the novel therapies
remains high. As a consequence, new drugs are being developed. At present, clinical
trials have shown good response rates for anti-VEGF molecules, oncolytic viral therapy,
and T-cell antagonists [60]. Due to the great variety of novel therapies, further studies are
required to fully evaluate the best options for dedifferentiated cutaneous melanomas.

5. Conclusions
Melanomas with genuine rhabdomyosarcomatous dedifferentiation, either primary

or metastatic, are exceedingly rare tumours. By presenting two new cases of primary
cutaneous rhabdomyosarcomatous melanomas, we further documented the epidemiology,
diagnostic approach, and prognostic significance of these entities. Due to the rarity of
such lesions, extensive immunohistochemical and molecular tests may be required for
accurate diagnosis.
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15. Dumitru, A.V.; Tampa, M.Ş.; Georgescu, S.R.; Păunică, S.; Matei, C.N.; Nica, A.E.; Costache, M.; Motofei, I.; Sajin, M.;
Păunică, I.; et al. Immunohistochemical mismatch in a case of rhabdomyoblastic metastatic melanoma. Rom. J. Morphol. Embryol.
2018, 59, 339–344. [PubMed]

16. Campbell, K.; Kumarapeli, A.R.; Gokden, N.; Cox, R.M.; Hutchins, L.; Gardner, J.M. Metastatic melanoma with dedifferentiation
and extensive rhabdomyosarcomatous heterologous component. J. Cutan. Pathol. 2018, 45, 360–364. [CrossRef] [PubMed]

17. Tran, T.A.N. Undifferentiated Sarcoma as Intermediate Step in Rhabdomyosarcomatous Transformation of a Metastatic Malignant
Melanoma Resistant to Anti-BRAF Therapy: A Phenomenon Associated With Significant Diagnostic and Therapeutic Pitfalls.
Int. J. Surg. Pathol. 2019, 27, 669–677. [CrossRef]

18. Mehta, A.; Sharma, A.; Gupta, G. Rhabdoid melanoma: A diagnostic ordeal. Indian J. Cancer 2020, 57, 473–477. [CrossRef]

https://doi.org/10.1080/15384047.2019.1640032
https://www.ncbi.nlm.nih.gov/pubmed/31366280
https://doi.org/10.1111/j.1365-2559.2007.02823.x
https://www.ncbi.nlm.nih.gov/pubmed/17825057
https://doi.org/10.3390/ijms24129985
https://doi.org/10.3390/diagnostics14131323
https://doi.org/10.1111/j.1365-2559.1992.tb00947.x
https://doi.org/10.1093/ajcp/103.6.772
https://www.ncbi.nlm.nih.gov/pubmed/7785665
https://www.ncbi.nlm.nih.gov/pubmed/12140874
https://doi.org/10.5858/2004-128-686-MMWARP
https://doi.org/10.1177/1066896906295775
https://doi.org/10.1111/j.1600-0560.2007.00811.x
https://doi.org/10.3892/or_00000299
https://doi.org/10.1177/1066896913510031
https://www.ncbi.nlm.nih.gov/pubmed/24275885
https://doi.org/10.1097/PAS.0000000000000527
https://www.ncbi.nlm.nih.gov/pubmed/29940647
https://doi.org/10.1111/cup.13122
https://www.ncbi.nlm.nih.gov/pubmed/29405341
https://doi.org/10.1177/1066896919839143
https://doi.org/10.4103/ijc.IJC_536_19


Diagnostics 2025, 15, 1357 17 of 18

19. Tzanavaris, K.; Pettas, E.; Thermos, G.; Georgaki, M.; Piperi, E.; Nikitakis, N.G. Base of tongue metastasis of cutaneous malignant
melanoma with rhabdoid and neuroendocrine features: Report of a rare case and review of the literature. Head Neck Pathol.
2022, 16, 1230–1241. [CrossRef]

20. Cilento, M.A.; Kim, C.; Chang, S.; Farshid, G.; Brown, M.P. Three cases of BRAF-mutant melanoma with divergent differentiation
masquerading as sarcoma. Pathologica 2022, 114, 217–220. [CrossRef]

21. Kasago, I.S.; Chatila, W.K.; Lezcano, C.M.; Febres-Aldana, C.A.; Schultz, N.; Vanderbilt, C.; Dogan, S.; Bartlett, E.K.; D’Angelo, S.P.;
Tap, W.D.; et al. Undifferentiated and Dedifferentiated Metastatic Melanomas Masquerading as Soft Tissue Sarcomas: Mutational
Signature Analysis and Immunotherapy Response. Mod. Pathol. 2023, 36, 100165. [CrossRef] [PubMed]

22. Chang, E.S.; Wick, M.R.; Swanson, P.E.; Dehner, L.P. Metastatic malignant melanoma with “rhabdoid” features. Am. J. Clin. Pathol.
1994, 102, 426–431. [CrossRef]

23. Watter, H.; Milkins, R.; Chambers, C.; O’Brien, B. Melanoma with rhabdomyosarcomatous features: A potential diagnostic pitfall.
BMJ Case Rep. 2023, 16, e256427. [CrossRef] [PubMed]

24. Gupta, A.; Wagman, R.; Kuwadekar, A.; Scoppetuolo, M.; Dardik, M.; Smith, F. Use of Immunotherapy and Radiation Treatment
in the Management of Metastatic Melanoma with Rhabdomyosarcomatous Differentiation. Adv. Radiat. Oncol. 2019, 5, 134–139.
[CrossRef]

25. Smith, S.M.; Schmitt, A.C.; Carrau, R.L.; Iwenofu, O.H. Primary sinonasal mucosal melanoma with aberrant diffuse and strong
desmin reactivity: A potential diagnostic pitfall! Head Neck Pathol. 2015, 9, 165–171. [CrossRef] [PubMed]

26. Lee, C.K.; Lin, H.; Su, C.F.; Kok, V.C. Primary Vaginal Melanoma With Rhabdoid Features: A Case Report and Literature Review.
Int. J. Gynecol. Pathol. 2017, 36, 499–504. [CrossRef]

27. Kim, N.R.; Lee, W.K.; Chung, D.H. Primary gastric melanoma with rhabdoid features: A case report. Korean J. Pathol. 2013, 47, 606–609.
[CrossRef]

28. Schindler, K.; Schicher, N.; Kunstfeld, R.; Pehamberger, H.; Toepker, M.; Haitel, A.; Hoeller, C.; Harmankaya, K. A rare case of
primary rhabdoid melanoma of the urinary bladder treated with ipilimumab, an anti-CTLA 4 monoclonal antibody. Melanoma Res.
2012, 22, 320–325. [CrossRef]

29. Bell, P.D.; Israel, A.K.; Dunn, A.L.; Liao, X. Primary Dedifferentiated Amelanotic Anorectal Melanoma: Report of a Rare Case.
Int. J. Surg. Pathol. 2019, 27, 923–928. [CrossRef]

30. Shenjere, P.; Fisher, C.; Rajab, R.; Patnaik, L.; Hazell, S.; Thway, K. Melanoma with rhabdomyosarcomatous differentiation:
Two further cases of a rare pathologic pitfall. Int. J. Surg. Pathol. 2014, 22, 512–519. [CrossRef]

31. Parham, D.M.; Weeks, D.A.; Beckwith, J.B. The clinicopathologic spectrum of putative extrarenal rhabdoid tumors. An analysis
of 42 cases studied with immunohistochemistry or electron microscopy. Am. J. Surg. Pathol. 1994, 18, 1010–1029, Erratum in
Am. J. Surg. Pathol. 1995, 19, 488–489. https://doi.org/10.1097/00000478-199504000-00018. [CrossRef]

32. Borek, B.T.; McKee, P.H.; Freeman, J.A.; Maguire, B.; Brander, W.L.; Calonje, E. Primary malignant melanoma with rhabdoid
features: A histologic and immunocytochemical study of three cases. Am. J. Dermatopathol. 1998, 20, 123–127. [CrossRef]
[PubMed]

33. Gattenlöhner, S.; Brocker, E.B.; Muller-Hermelink, H.K. Malignant melanoma with metastatic rhabdomyosarcomatoid transdiffer-
entiation. N. Engl. J. Med. 2008, 358, 649–650. [CrossRef]

34. Tallon, B.; Bhawan, J. Primary rhabdoid melanoma with clonal recurrence. Am. J. Dermatopathol. 2009, 31, 200–204. [CrossRef]
[PubMed]

35. Chung, B.Y.; Ahn, I.S.; Cho, S.I.; Kim, H.O.; Kim, K.H.; Park, C.W.; Lee, C.H. Primary malignant rhabdoid melanoma. Ann. Dermatol.
2011, 23 (Suppl. S2), S155–S159. [CrossRef]

36. Kaneko, T.; Korekawa, A.; Akasaka, E.; Rokunohe, D.; Nakano, H.; Sawamura, D. Primary Amelanotic Rhabdoid Melanoma:
A Case Report with Review of the Literature. Case Rep. Dermatol. 2015, 7, 292–297. [CrossRef]

37. Fernández-Vega, I.; Santos-Juanes, J.; Fresno-Forcelledo, M.F. Primary amelanotic rhabdoid melanoma of the forehead. Br. J. Dermatol.
2016, 174, 1156–1158. [CrossRef] [PubMed]

38. Antonov, N.K.; Niedt, G.W. Malignant Melanoma With Rhabdomyosarcomatous Differentiation: A Case Report. Am. J. Dermatopathol.
2016, 38, 456–460. [CrossRef]

39. Prieto-Torres, L.; Alegría-Landa, V.; Llanos, C.; Córdoba, A.; Kutzner, H.; Requena, L. Cutaneous Malignant Melanoma With
Rhabdoid Morphology and Smooth Muscle Differentiation: A Challenging Histopathologic Diagnosis. Am. J. Dermatopathol.
2017, 39, 397–403. [CrossRef]

40. Kuwadekar, A.; Allard, J.; Dardik, M.; Smith, F. Melanoma with rhabdomyosarcomatous differentiation. BMJ Case Rep.
2018, 2018, bcr2018224263. [CrossRef]

41. Murakami, T.; Ogata, D.; Arai, E.; Tsuchida, T. Case of primary hypomelanotic rhabdoid melanoma on the forehead. J. Dermatol.
2019, 46, e278–e279. [CrossRef] [PubMed]

42. Tran, T.A.N.; Linos, K.; de Abreu, F.B.; Carlson, J.A. Undifferentiated Sarcoma as Intermediate Step in the Progression of
Malignant Melanoma to Rhabdomyosarcoma: Histologic, Immunohistochemical, and Molecular Studies of a New Case of

https://doi.org/10.1007/s12105-022-01437-6
https://doi.org/10.32074/1591-951X-771
https://doi.org/10.1016/j.modpat.2023.100165
https://www.ncbi.nlm.nih.gov/pubmed/36990277
https://doi.org/10.1093/ajcp/102.4.426
https://doi.org/10.1136/bcr-2023-256427
https://www.ncbi.nlm.nih.gov/pubmed/37879714
https://doi.org/10.1016/j.adro.2019.07.019
https://doi.org/10.1007/s12105-014-0553-5
https://www.ncbi.nlm.nih.gov/pubmed/24974197
https://doi.org/10.1097/PGP.0000000000000354
https://doi.org/10.4132/KoreanJPathol.2013.47.6.606
https://doi.org/10.1097/CMR.0b013e32835566c0
https://doi.org/10.1177/1066896919857148
https://doi.org/10.1177/1066896914531817
https://doi.org/10.1097/00000478-199504000-00018
https://doi.org/10.1097/00000478-199410000-00005
https://doi.org/10.1097/00000372-199804000-00003
https://www.ncbi.nlm.nih.gov/pubmed/9557778
https://doi.org/10.1056/NEJMc0707079
https://doi.org/10.1097/DAD.0b013e3181986d1c
https://www.ncbi.nlm.nih.gov/pubmed/19318811
https://doi.org/10.5021/ad.2011.23.S2.S155
https://doi.org/10.1159/000441347
https://doi.org/10.1111/bjd.14382
https://www.ncbi.nlm.nih.gov/pubmed/26713398
https://doi.org/10.1097/DAD.0000000000000478
https://doi.org/10.1097/DAD.0000000000000792
https://doi.org/10.1136/bcr-2018-224263
https://doi.org/10.1111/1346-8138.14838
https://www.ncbi.nlm.nih.gov/pubmed/30843270


Diagnostics 2025, 15, 1357 18 of 18

Malignant Melanoma With Rhabdomyosarcomatous Differentiation. Am. J. Dermatopathol. 2019, 41, 221–229. [CrossRef]
[PubMed]

43. Ferreira, I.; Droop, A.; Edwards, O.; Wong, K.; Harle, V.; Habeeb, O.; Gharpuray-Pandit, D.; Houghton, J.; Wiedemeyer, K.;
Mentzel, T.; et al. The clinicopathologic spectrum and genomic landscape of de-/trans-differentiated melanoma. Mod. Pathol.
2021, 34, 2009–2019. [CrossRef]

44. Agaimy, A.; Stoehr, R.; Hornung, A.; Popp, J.; Erdmann, M.; Heinzerling, L.; Hartmann, A. Dedifferentiated and Undifferentiated
Melanomas: Report of 35 New Cases with Literature Review and Proposal of Diagnostic Criteria. Am. J. Surg. Pathol. 2021, 45, 240–254.
[CrossRef]

45. Yim, S.H.; Kim, D.; Hong, D.; Jung, K.E.; Lee, Y.; Seo, Y.J.; Park, S. Primary cutaneous malignant melanoma with rhabdomyosar-
comatous differentiation originating from a melanocytic nevus in a patient with myelodysplastic syndrome. J. Cutan. Pathol.
2022, 49, 875–880. [CrossRef]

46. Glutsch, V.; Wobser, M.; Schilling, B.; Gesierich, A.; Goebeler, M.; Kneitz, H. PRAME Expression as Helpful Immunohistochemical
Marker in Rhabdoid Melanoma. Dermatopathology 2022, 9, 148–157. [CrossRef]

47. O’Neill, P.; Amanuel, B.; Mesbah Ardakani, N. Cutaneous Malignant Melanoma with Rhabdomyosarcomatous Dedifferentiation:
An Immunohistological and Molecular Case Study with Literature Review. Am. J. Dermatopathol. 2023, 45, 470–474. [CrossRef]

48. Choy, A.; Wang, A.; Thayaparan, G.K.; Beaumont, L.; Williams, R.; Diab, S.; Tzaikou, G.; Ajmal, A.; Nirenberg, A. The Diagnostic
Utility of PRAME in Primary Cutaneous Dedifferentiated and Transdifferentiated Melanomas. J. Cutan. Pathol. 2025, 52, 212–219.
[CrossRef] [PubMed]

49. Weigelt, M.A.; Pattali, S.; Dermawan, J.K.; Ko, J.S.; Fritchie, K.J.; Billings, S.D. Primary Cutaneous Neoplasm With Rhabdomyosar-
comatous Differentiation and a Melanoma-Like Mutational Landscape. J. Cutan. Pathol. 2025, 52, 414–417. [CrossRef]

50. Huang, F.; Santinon, F.; Flores González, R.E.; Del Rincón, S.V. Melanoma Plasticity: Promoter of Metastasis and Resistance to
Therapy. Front. Oncol. 2021, 11, 756001. [CrossRef]

51. Diazzi, S.; Tartare-Deckert, S.; Deckert, M. The mechanical phenotypic plasticity of melanoma cell: An emerging driver of therapy
cross-resistance. Oncogenesis 2023, 12, 7. [CrossRef]

52. T, ăpoi, D.A.; Derewicz, D.; Gheorghis, an-Gălăt,eanu, A.-A.; Dumitru, A.V.; Ciongariu, A.M.; Costache, M. The Impact of Clinical
and Histopathological Factors on Disease Progression and Survival in Thick Cutaneous Melanomas. Biomedicines 2023, 11, 2616.
[CrossRef] [PubMed]

53. Koyama, T.; Murakami, M.; Nishihara, O.; Masuda, T. Congenital melanoma: A case suggesting rhabdomyogenic differentiation.
Pediatr. Dermatol. 1996, 13, 389–393. [CrossRef] [PubMed]

54. Baltres, A.; Salhi, A.; Houlier, A.; Pissaloux, D.; Tirode, F.; Haddad, V.; Karanian, M.; Ysmail-Dahlouk, S.; Boukendakdji, F.;
Dahlouk, D.; et al. Malignant melanoma with areas of rhabdomyosarcomatous differentiation arising in a giant congenital nevus
with RAF1 gene fusion. Pigment. Cell Melanoma Res. 2019, 32, 708–713. [CrossRef] [PubMed]

55. Gaspard, M.; Lamant, L.; Tournier, E.; Valentin, T.; Rochaix, P.; Terrier, P.; Ranchere-Vince, D.; Coindre, J.M.; Filleron, T.; Le
Guellec, S. Evaluation of eight melanocytic and neural crest-associated markers in a well-characterised series of 124 malignant
peripheral nerve sheath tumours (MPNST): Useful to distinguish MPNST from melanoma? Histopathology 2018, 73, 969–982.
[CrossRef]

56. Loras, A.; Gil-Barrachina, M.; Marqués-Torrejón, M.Á.; Perez-Pastor, G.; Martinez-Cadenas, C. UV-Induced Somatic Mutations
Driving Clonal Evolution in Healthy Skin, Nevus, and Cutaneous Melanoma. Life 2022, 12, 1339. [CrossRef]

57. Davis, E.J.; Johnson, D.B.; Sosman, J.A.; Chandra, S. Melanoma: What do all the mutations mean? Cancer 2018, 124, 3490–3499.
[CrossRef]

58. Garbe, C.; Amaral, T.; Peris, K.; Hauschild, A.; Arenberger, P.; Basset-Seguin, N.; Bastholt, L.; Bataille, V.; Del Marmol, V.;
Dréno, B.; et al. European Dermatology Forum (EDF), the European Association of Dermato-Oncology (EADO), and the
European Organization for Research and Treatment of Cancer (EORTC). European consensus-based interdisciplinary guideline
for melanoma. Part 2: Treatment—Update 2022. Eur. J. Cancer 2022, 170, 256–284. [CrossRef]

59. Johnston, L.; Starkey, S.; Mukovozov, I.; Robertson, L.; Petrella, T.; Alhusayen, R. Surveillance After a Previous Cutaneous
Melanoma Diagnosis: A Scoping Review of Melanoma Follow-Up Guidelines. J. Cutan. Med. Surg. 2023, 27, 516–525. [CrossRef]

60. Villani, A.; Scalvenzi, M.; Micali, G.; Lacarrubba, F.; Fornaro, L.; Martora, F.; Potestio, L. Management of Advanced Invasive
Melanoma: New Strategies. Adv. Ther. 2023, 40, 3381–3394. [CrossRef]

61. Kobeissi, I.; Tarhini, A.A. Systemic adjuvant therapy for high-risk cutaneous melanoma. Ther. Adv. Med. Oncol.
2022, 14, 17588359221134087. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/DAD.0000000000001236
https://www.ncbi.nlm.nih.gov/pubmed/30085960
https://doi.org/10.1038/s41379-021-00857-z
https://doi.org/10.1097/PAS.0000000000001645
https://doi.org/10.1111/cup.14272
https://doi.org/10.3390/dermatopathology9020019
https://doi.org/10.1097/DAD.0000000000002451
https://doi.org/10.1111/cup.14783
https://www.ncbi.nlm.nih.gov/pubmed/39748565
https://doi.org/10.1111/cup.14806
https://doi.org/10.3389/fonc.2021.756001
https://doi.org/10.1038/s41389-023-00452-8
https://doi.org/10.3390/biomedicines11102616
https://www.ncbi.nlm.nih.gov/pubmed/37892990
https://doi.org/10.1111/j.1525-1470.1996.tb00707.x
https://www.ncbi.nlm.nih.gov/pubmed/8893239
https://doi.org/10.1111/pcmr.12785
https://www.ncbi.nlm.nih.gov/pubmed/30945443
https://doi.org/10.1111/his.13740
https://doi.org/10.3390/life12091339
https://doi.org/10.1002/cncr.31345
https://doi.org/10.1016/j.ejca.2022.04.018
https://doi.org/10.1177/12034754231188434
https://doi.org/10.1007/s12325-023-02555-5
https://doi.org/10.1177/17588359221134087
https://www.ncbi.nlm.nih.gov/pubmed/36324735

	Introduction 
	Materials and Methods 
	Results 
	Case 1 
	Case 2 

	Discussion 
	Conclusions 
	References

