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Abstract

Primary cutaneous and mucosal melanoma shows a wide histological spectrum. The correct
diagnosis depends upon the demonstration of melanocytic differentiation by recognition of an
associated in-situ component or immunohistochemical evidence of a melanocytic phenotype
using conventional melanocytic markers, such as S-100, SOX10, Melan-A and HMB-
45. Exceptionally, melanomas lose their melanocytic phenotype, at least focally, and show
differentiation towards other lineages. Review of the literature shows that de- and trans-
differentiation in melanoma is rare but probably under-recognised and under-/span>reported.
These often large and frequently ulcerated tumours affect adults and show a wide anatomical
distribution, including mucosal sites, although there is a predilection for sun-damaged skin of
the head and neck. Histologically, the tumours are biphasic and contain a pre-existing
conventional melanoma. The de-differentiated component closely resembles atypical
fibroxanthoma, both morphologically and immunohistochemically. Trans-
differentiated melanoma may show rhabdomyosarcomatous or spindle cell carcinomatous
features. Undifferentiated melanomas are similar tumours in which the conventional melanoma
component is absent. Their diagnosis depends entirely upon the clinical context and
identification of a classical melanoma driver gene mutation, i.e. BRAF V600E. The diagnosis
of these rare and unusual tumours is challenging, and requires thorough tumour sampling and
recognition of the background of a pre-existing but often focal conventional

melanoma together with molecular analysis.



Introduction

Melanoma shows a wide morphological spectrum and its histopathological subtypes may
be related to different patterns of sun exposure and distinct underlying molecular
characteristics, and may show variable clinical behaviour. Rare melanomas may show at least
focal loss of melanocytic differentiation with differentiation towards other lineages. This is a
poorly understood phenomenon, documented in the literature mainly as case reports and short
case series, but it is probably under-recognised and under-reported. These tumours have been
variably referred to as ‘de-differentiated melanoma’, ‘metaplastic melanoma’, ‘melanoma
with heterologous elements’, ‘trans-differentiated melanoma’ or ‘melanoma with divergent
differentiation’. The documented histopathological spectrum is broad and includes most
commonly fibroblastic/myofibroblastic, rhabdomyosarcomatous and osteocartilaginous differ

entiation, while Schwannian, perineurial, smooth muscle, ganglionic and ganglioneuroblastic,

neuroendocrine, epithelial and angiosarcomatous differentiation patterns are rare
observations.'

In this paper, we apply the term ‘de-differentiated melanoma’ to biphasic
tumours composed of a background of a conventional

melanoma with additional morphologically and immunohistochemically distinct areas charact
erised by immunohistochemical loss of expression of all conventional melanocytic markers (S-
100, SOX10, Melan-A and HMB-45) and no further specific line of differentiation on
morphology and immunohistochemistry. The term ‘trans-differentiated melanoma’ is used
for biphasic tumours composed ofa background of a conventional melanoma
and additional areas  lacking morphological =~ and  immunohistochemical  evidence
of melanocytic differentiation, but showing heterologous elements on morphology and/or
immunohistochemistry. Using this strict definition, tumours with osteocartilaginous, neural,
ganglionic and ganglioneuroblastic differentiation cannot be regarded as truly showing de-
/trans-differentiation due to their retained expression of S-100 and SOX10. More
recently, and due to our expanding knowledge of the molecular mechanisms involved in the
formation of melanocytic tumours, so-called ‘undifferentiated melanoma’ has been

increasingly recognised (Table 1).* These entirely de-/trans-differentiated tumours lack a



morphologically and immunohistochemically recognisable background of conventional
melanoma, but the molecular identification of mutations in typical melanoma driver genes,
such as BRAFY*, for example, is at least supportive of this rare diagnosis.* Careful clinical and
pathological correlation  is, however, necessary in ~ these  tumours, as BRAF mutations
have also been described in other tumours which may primarily involve the skin or as
metastatic deposits.’

De-/trans-differentiation in melanoma is a phenomenon most
frequently observed in metastatic melanoma deposits.** In contrast,
this manuscript mainly focuses upon de-/trans-differentiation in primary melanoma, which
appears to be a particularly rare phenomenon, with only 27 cases reported in the literature
to date (Table 2).>4¢ Primary de-/trans-differentiated melanomas mainly affect the skin, but

rare examples have also been reported on non-cutaneous mucosal sites.*

Clinical presentation

Primary de-/trans-differentiated melanomas present as large and frequently ulcerated nodules
and plaques, often measuring multiple centimetres in diameter.c*>" They affect a wide range
of anatomical sites, but appear to be most common on sun-damaged skin of the head and
neck with a predilection for elderly men with a median age of 75 years (mean = 73 years;
range = 42-90) and a male to female ratio of 1.7:1.34¢" The disease rarely affects mucosal

sites, including the respiratory, gastrointestinal and gynaecological tracts.

HISTOLOGICAL FINDINGS

Primary cutaneous and  mucosal de- and trans-differentiated  melanomas  are large,
asymmetrical and deeply invasive tumours with pushing, rather than infiltrative, deep
margins with extension into anatomical levels IV or V, with a Breslow thickness ranging from
4 to 80 mm (median = 8; mean = 13 mm) (Figure 1A,B). The tumours are frequently ulcerated
(79%) and display brisk mitotic activity, ranging from 3 to 40 mitoses/mm? (median = 12;
mean = 15  mitoses/mm?) (Figure 2A). In  addition, lymphovascular (31%) and perineural

(19%) invasion may be present (Table 2).713



De-/trans-differentiated melanomas are characterised by a biphasic growth pattern with
abackground of aconventional melanomain addition to the  de-/trans-
differentiated component, while undifferentiated melanoma lacks the conventional melanoma
component (Figure 2B). The conventional melanoma may be entirely in situ or invasive and
spans the spectrum of melanoma subtypes, including superficial
spreading, nodular, lentigo maligna, desmoplastic, acral lentiginous, mucosal and spindle
cell melanoma (Figure 3A—F). Many de-/trans-differentiated melanomas (22%) have been
reported in association with desmoplastic melanoma (Figure 4A—F).+s1

The de-/trans-differentiated component typically accounts for more than 50% of the
tumour and its transition from the conventional component is abrupt, rather than gradual. The
most commonly observed finding is de-differentiation followed
by rhabdomyosarcomatous trans-differentiation. Morphologically, the de-
differentiated component is reminiscent of atypical fibroxanthoma (AFX) or pleomorphic
dermal sarcoma (PDS). It is composed of sheets of pleomorphic epithelioid or intersecting
fascicles of spindled cells with variably abundant eosinophilic cytoplasm containing vesicular
nuclei with prominent and multiple eosinophilic nucleoli (Figure SA—C). Multinucleated
tumour cells are often admixed. Mitotic activity is brisk and includes atypical forms, but
tumour necrosis is rare. Uncommon examples show blood-filled intratumoral spaces
and interspersed osteoclast-like multinucleated giant cells, analogous
to pseudioangiomatous AFX/PDS (Figure 5D,E).

Rhabdomyosarcomatous trans-differentiated is characterised by a sheet-like growth of
large polygonal to spindled cells with abundant brightly eosinophilic cytoplasm containing
pleomorphic vesicular nuclei with prominent nucleoli (Figure 6A). Distinct rhabdoid
cells with fibrillar cytoplasm may also be observed (Figure 6B). Occasionally, the tumour cells
show marked nuclear pleomorphism with brisk and atypical mitotic activity, resembling
pleomorphic rhabdomyosarcoma (Figure 6C,D).

Epithelial trans-differentiated is less commonly encountered and can be confirmed
immunohistochemically by the presence of cytokeratin expression. Morphologically, the

tumours are composed of intersecting fascicles of pleomorphic spindle cells with moderate



amounts of cytoplasm, vesicular nuclei and prominent eosinophilic nucleoli (Figure 7A,B).
Mitotic activity is frequent and atypical and tumour necrosis may be present (Figure 7C). The
findings are reminiscent of spindle cell cutaneous squamous cell carcinoma.
Angiosarcomatous’ or adenocarcinomatous* trans-differentiated tumours are rare
findings that have only been reported in metastatic melanoma deposits, but not in primary

cutaneous tumours.

Immunohistochemical features

By definition, the de-/trans- and undifferentiated components show loss of expression of
all conventional melanocytic markers, such as S-100, SOX10, Melan-A and HMB-45 in
contrast to the adjacent conventional melanoma component, if present (Figure 3B,C,E). De-
differentiated areas show expression of CD10, CD68 and SMA, similar
to AFX/PDS (Figure 5F).  The trans-differentiated tumours are further characterised by
expression of lineage-specific markers, often in keeping with the morphological pattern.
Expression of desmin, myogenin and MyoD1 may be seen seen in areas
of rhabdomyosarcomatous trans-differentiated tumours (Figure 6E,F), while cytokeratin but
not p40 or p63expression is seenintumours with heterologous epithelial trans-

differentiation (Figure 7D).

MOLECULAR FINDINGS

Although the conventional and de-/trans-differentiated melanoma components are clearly
morphologically  and  immunohistochemically distinct, they usually share the same
mutational and copy-number alteration profiles, further confirming the concept of true de-
/trans-differentiation in melanoma and refuting previous hypotheses of a possible collision
tumour.>*>" In keeping with the predilection for sun-damaged skin of elderly patients and a
predominance of desmoplastic melanoma, NF'/ was found to be the most frequently mutated
gene.*® Like other NF/-mutated melanomas, ' these tumours have a high mutation burden, are
enriched for 7P53 mutations and lack BRAF p.V60OE or NRAS p.Q61 mutations.”. Hot-

spot mutations in the BRAF and NRAS genes have been described in de-/trans-differentiated



melanomas  arising  in conventional nodular  (BRAF or NRAS mutated)*" or superficial
spreading  (NRAS-mutated) melanoma.” In  the absence of a conventional ~melanoma
component, the diagnosis of undifferentiated melanoma is more difficult to establish and relies
solely upon the molecular demonstration of mutations typically associated with melanoma,
including BRAF p.V600E or NRAS p.Q61 mutations.* Immunohistochemistry for
BRAFV600E and NRASQG6IR correlates well with the presence of BRAF p.V600E
and NRAS p.Q61 mutations in melanoma and can be used as a surrogate marker.” " Although
no data are currently available for primary de-, trans-
and undifferentiated melanomas, NRASQ61R immunohistochemistry has been found to be

useful in the setting of a metastatic undifferentiated melanoma.»

Clinical behaviour and outcome

Given the rarity of these tumours,it is difficult to make definitive statements
on clincal behaviour and outcome. Although these tumours usually
exhibit poor prognostic factors, including an increased tumour thickness, ulceration and

brisk mitotic activity,” their clinical behaviour does not appear to
be more aggressive than conventional melanoma when adjusted for tumour thickness. Nodal
metastasis and distant metastasis are encountered in 64 and 50% of cases, respectively.»+*-
5 The sentinel lymph node positivity rate is 60% and the mortality rate is 20%.>¢"* Importantly,
the prognosis of primary cutaneous de-/trans-differentiated melanoma appearsto be
closely related to the conventional melanoma, with a better prognosis for tumours arising in

a desmoplastic melanoma.>

DIFFERENTIAL DIAGNOSIS

The diagnosis of de-/trans-differentiated melanoma is notoriously challenging, as the de-
/trans-differentiated component may be dominant. Thorough sampling and recognition of the
conventional melanoma is therefore of particular importance for accurate diagnosis, with
emphasis on the identification of an often subtle in-situ component and immunohistochemical

work-up for conventional markers of melanocytic differentiation. The diagnosis of



undifferentiated melanoma in the absence of a recognisable conventional melanoma
component is entirely dependent upon appropriate molecular analysis with the identification of
well-established melanoma driver gene mutations.

The differential diagnosis of these tumours is dictated by the morphological and
immunohistochemical features of the de-/trans-differentiation aspect of the tumour. The
clinical setting is often not helpful diagnostically, as de-/trans-differentiated melanoma and
tumours in the differential diagnosis frequently both arise on sun-damaged skin of
elderly patients.

The de-differentiated melanoma component is clinically, histologically and
immunohistochemically inseparable from AFX and PDS. AFX and PDS present as frequently
ulcerated nodules and plaques with a predilection for sun-damaged skin of elderly males. They
are morphologically characterised by sheets and fascicles of pleomorphic epithelioid and
spindle cells with admixed multinucleated giant cells and brisk and atypical mitotic activity.
While AFX appears circumscribed and nodular and is confined to the dermis, PDS are poorly
circumscribed and asymmetrical with invasion of subcutis, lymphovascular invasion,
perineurial infiltration or tumour necrosis. As the diagnosis of AFX and PDS is one of
exclusion, the tumours do not show specific lines of differentiation with immunohistochemical
negativity for melanocytic, epithelial, myogenic and endothelial cell markers. Expression of
CD10, CD68 and SMA is not specific, and is shared with de-differentiated melanoma.” De-
differentiated melanoma can be separated from AFX and PDS by identification of the
conventional melanoma component. Molecular studies can also be useful in this setting.
Although AFX/PDS may share with melanoma mutations in the 7P53, CDKN2A4 and RAS (H
RAS, KRAS and NRAS) genes, as well as in the TERT promoter, BRAF or NF ] mutations are
not encountered in AFX/PDS

Primary  cutaneous melanoma  with  epithelial trans-differentiation closely
resembles poorly differentiated and spindle cell/sarcomatoid/desmoplastic squamous cell
carcinoma (SCC) both morphologically and immunohistochemically.” The
identification of morphologically better differentiated SCC favours poorly differentiated or

spindle cell SCC, while the presence of an additional component of conventional melanoma is



diagnostic of melanoma with epithelial trans-differentiation. Similar to AFX and PDX, SCC
may carry mutations in the 7P53, PIK3CA, CDKN2A or RAS (HRAS, KRAS and NRAS) genes
and TERT promoter, but also in the BRAF (non-p.V600E) and NFI genes.»»*

Squamomelanocytic tumours enter the differential diagnosis, as they show a combine
d epithelial and melanocytic differentiation. In contrast to melanoma with epithelial trans-
differentiation, squamomelanocytic tumours are ~ well-circumscribed and  characterised
by well-differentiated squamous cell carcinoma closely associated with and colonised by a
melanoma component, most commonly of lentigo maligna type.*'*

Primary cutaneous melanoma with divergent rhabdomyosarcomatous trans-
differentiation may easily be mistaken for cutaneous rhabdomyosarcoma or malignant
peripheral nerve sheath tumour (MPNST) with rhabdomyoblastic differentiation (malignant
Triton  tumour). All three tumours share similar morphological features and an
identical immunohistochemical profile with the expression of rhabdomyogenic markers such
as desmin, myogenin and MyoD1. Malignant Triton tumours are deep-
seated tumours occurring in  young  patients and often in the  setting
of neurofibromatosis Type I. Compared to the.preexisting conventional melanoma componen
t, the expression of S-100 is typically focal within the conventional MPNST component and
there is no expression of second-line melanoma markers, such as Melan-A or HMB-45.% In
addition, immunohistochemical loss of H3K27me3 expression, corresponding to loss of
trimethylation at lysine 27, is supportive of a diagnosis of MPNST and is only rarely observed
in spindle cell or desmoplastic melanoma.** The association witha large nerve or
a background of apre-existing neurofibromaare further findings supportive of
MPNST. Although mostly characterised by a complex karyotype,* MPNST can
share NF'I and CDKN2A mutations with melanoma.” Rhabdomyosarcoma typically affects the
paediatric patient population and only rarely presents in the
skin. Rhabdomyosarcomas developing  on sun-damaged skin of elderly patients are
exceptional.® The correct diagnosis of de-/trans-differentiated relies upon careful
clinicopathological correlation and identification of a pre-exisiting conventional melanoma

component on histology and immunohistochemistry.



Conclusion

Primary de-/trans-differentiated melanoma is rare, and occurs preferentially on sun-damaged
skin of elderly men. This biphasic tumour is characterised by a
conventional melanoma component (which can include any melanoma subtype, but with a
preference for desmoplastic melanoma) and a de-differentiated or less commonly trans-
differentiated component. In  contrast,  undifferentiated = melanoma  lacks  the
conventional melanoma  component. De-/trans- and undifferentiated melanoma should be
included in the differential diagnosis of a skin tumour arising on sun-damaged skin of
elderly patients, together with atypical fibroxanthoma, pleomorphic dermal sarcoma,
desmoplastic melanoma, poorly differentiated or spindle cell squamous cell carcinoma,
leiomyosarcoma and rhabdomyosarcoma. The diagnostic key for de-/trans-
differentiated melanoma is thorough ~ tumour tissue  sampling and the wuse of
S100 or SOX10 immunohistochemistry to highlight the background of
the conventional melanoma component, which may be in situ or invasive, and is frequently
located in the periphery of an ulcerated tumour. The demonstration of conventional melanoma
driver gene mutations (most frequently in the NF/ but also in BRAF and NRAS genes) is of
further diagnostic utility, and of particular importance in the diagnosis of undifferentiated
melanoma. Although the tumours are often deeply invasive, their prognosis appears to
depend upon the subtype of the conventional melanoma component, and they do not appear to

be more aggressive than other melanoma subtypes when adjusted for tumour thickness.

Acknowledgements

None.

Conflicts of interest

The authors have no conflicts of interest to declare.



References

1. Banerjee SS, Eyden B. Divergent differentiation in malignant
melanomas: a review. Histopathology 2008; 5235 119-129.

2. Kilsdonk MJ, Romeijn TR, Kelder W, van Kempen LC, Diercks GF.
Angiosarcomatous trans-differentiated of metastatic
melanoma. J. Cutan. Pathol. 2020; 47; 1211-1214.

3. Agaimy A, Specht K, Stoehr R ef al. Metastatic malignant melanoma with complete loss of
differentiation markers (undifferentiated/de-differentiated melanoma): analysis of 14
patients emphasizing phenotypic plasticity and the value of molecular testing as
surrogate diagnostic marker. Am. J. Surg. Pathol. 2016; 405 181-191.

4. Agaimy A, Stoehr R, Hornung A et al De-differentiated and undifferentiated
melanomas: report of 35 new cases with literature review and proposal of diagnostic
criteria. Am. J. Surg. Pathol. 2021; 45; 240-254.

5. Liu H, Nazmun N, Hassan S, Liu X, Yang J. BRAF mutation and its inhibitors in sarcoma
treatment. Cancer Med. 2020; 9; 4881-4896.

6. Gharpuray-Pandit D, Coyne J, Eyden B, Banerjee SS. Rhabdomyoblastic differentiation in
malignant melanoma in adults: report of 2 cases. Int. J. Surg. Pathol. 2007; 155 20-25.

7. Wilsher ~ MJ. Collision  tumour: atypical fibroxanthoma  and  invasive
melanoma. Pathology 2009; 415 699-701.

8. Kiuru M, McDermott G, Berger M, Halpern AC, Busam KJ. Desmoplastic melanoma with
sarcomatoid dedifferentiation. Am. J. Surg. Pathol. 2014; 38; 864—870.

9. 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; 225 512-519.

10. Antonov NK, Niedt GW. Malignant melanoma with rhabdomyosarcomatous
differentiation: a case report. Am. J. Dermatopathol. 2016; 38; 456-460.

11. Erstine EM, Tetzlaff MT, Ko JS, Prieto VG, Cheah AL, Billings SD. Living on the

edge: diagnosing sarcomatoid melanoma using histopathologic cues at the edge of a de-



12.

13.

14.

15.

16.

17.

18.

19.

20.

differentiated tumor: a report of 2 cases and review of  the
literature. Am. J. Dermatopathol. 2017; 39; 593—-598.

Lefferts JA, Loehrer AP, Yan S, Green DC, Deharvengt SJ, LeBlanc RE. CD10 and p63
expression in a sarcomatoid undifferentiated melanoma: a cautionary (and molecularly
annotated) tale. J. Cutan. Pathol. 2020; 47; 541-547.

Ferreira I, Droop A, Edwards O et al The clinicopathologic spectrum and genomic
landscape of de-/trans-differentiated

melanoma. Mod. Pathol. 2021. doi: https://doi.org/10.1038/s41379-021-00857-z.

Jalas JR, Vemula S, Bezrookove V, Leboit PE, Simko JP, Bastian BC. Metastatic
melanoma with striking adenocarcinomatous differentiation illustrating phenotypic
plasticity in melanoma. Am. J. Surg. Pathol. 2011; 35;1413-1418.

Shain AH, Garrido M, Botton T et al. Exome sequencing of desmoplastic melanoma
identifies recurrent NFKBIE promoter mutations and diverse activating mutations in
the MAPK pathway. Nat. Genet. 2015; 47; 1194—-1199.

Cirenajwis H, Lauss M, Ekedahl H et al. Nfl-mutated melanoma tumors harbor distinct
clinical and biological characteristics. Mol. Oncol. 2017; 11; 438-451.

Kakavand H, Walker E, Lum T et al. BRAF(V600E) and NRAS(Q61L/Q61R) mutation
analysis in metastatic melanoma using immunohistochemistry: a study of 754 cases
highlighting  potential  pitfalls and guidelines for interpretation and
reporting. Histopathology 2016; 695 680—-686.

Massi D, Simi L, Sensi E et al. Immunohistochemistry is highly sensitive and specific for
the detection of NRASQ61R mutation in melanoma. Mod. Pathol. 2015; 28; 487—497.

Dias-Santagata D, Su Y, Hoang MP. Immunohistochemical detection of NRASQ61R
Mutation in diverse tumor types. Am. J. Clin. Pathol. 2016; 145; 29-34.

Uguen A, Sassolas B, Mondine P et al. NRASQ61R and BRAFV600E mutation-specific
immunohistochemistry is a helpful tool to diagnose metastatic undifferentiated/de-

differentiated melanomas. Am. J. Surg. Pathol. 2016; 405 1004—1005.



21

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Gershenwald JE, Scolyer RA, Hess KR et al. Melanoma staging: evidence-based changes

in the american joint committee on cancer eighth edition cancer staging manual. C4
Cancer J. Clin. 2017; 67; 472492,

Lens MB, Newton-Bishop JA, Boon AP. Desmoplastic malignant melanoma: a systematic
review. Br. J. Dermatol. 2005; 152; 673—678.

Miller K, Goodlad JR, Brenn T. Pleomorphic dermal sarcoma: adverse histologic features
predict  aggressive  behavior and allow  distinction from  atypical
fibroxanthoma. Am. J. Surg. Pathol. 2012; 365 1317—1326.

Sakamoto A, Oda Y, Itakura E et al H-, K-, and N-RAS gene mutation in atypical
fibroxanthoma and malignant fibrous histiocytoma. Hum. Pathol. 2001; 32; 1225—
1231.

Griewank KG, Schilling B, Murali R ef al. Tert promoter mutations are frequent in atypical
fibroxanthomas and pleomorphic dermal sarcomas. Mod. Pathol. 2014; 27; 502—508.

Helbig D, Quaas A, Mauch C et al. Copy number variations in atypical fibroxanthomas and
pleomorphic dermal sarcomas. Oncotarget 2017; 85 109457-109467.

Griewank KG, Wiesner T, Murali R ef al. Atypical fibroxanthoma and pleomorphic dermal
sarcoma harbor frequent notch1/2 and fatl mutations and similar DNA copy number
alteration profiles. Mod. Pathol. 2018; 315 418-428.

Miller TI, Zoumberos NA, Johnson B et al. A genomic survey of sarcomas on sun-exposed
skin reveals distinctive candidate drivers and potentially targetable
mutations. Hum. Pathol. 2020; 102; 60—69.

Velazquez EF, Werchniack AE, Granter SR. Desmoplastic/spindle cell squamous cell
carcinoma of the skin. A diagnostically challenging tumor mimicking a
scar: clinicopathologic and immunohistochemical study of 6
cases. Am. J. Dermatopathol. 2010; 325 333-339.

Li YY, Hanna GJ, Laga AC, Haddad RI, Lorch JH, Hammerman PS. Genomic analysis of
metastatic cutaneous squamous cell carcinoma. Clin. Cancer Res. 2015; 215 1447—

1456.



31. Pool SE, Manieei F, Clark WH Jr, Harrist TJ. Dermal squamo-melanocytic tumor: a unique
biphenotypic neoplasm of uncertain biological potential. Hum. Pathol. 1999; 305 525—
529.

32. Amin SM, Cooper C, Yelamos O ef al. Combined cutaneous tumors with a melanoma
component: a clinical, histologic, and molecular
study. J. Am. Acad. Dermatol. 2015; 73; 451-460.

33.King R, Busam K, Rosai J. Metastatic malignant melanoma resembling malignant
peripheral nerve sheath tumor: report of 16
cases. Am. J. Surg. Pathol. 1999; 23; 1499-1505.

34. Le Guellec S, Macagno N, Velasco V et al. Loss of H3K27 trimethylation is not suitable
for distinguishing malignant peripheral nerve sheath tumor from melanoma: a study of
387 cases including mimicking lesions. Mod. Pathol. 2017; 305 1677-1687.

35. Schaefer IM, Fletcher CD, Hornick JL. Loss of H3K27 trimethylation distinguishes
malignant peripheral nerve sheath tumors from histologic
mimics. Mod. Pathol. 2016; 29; 4-13.

36. Fletcher CD, Dal Cin P, de Wever I et al. Correlation between clinicopathological features
and karyotype in spindle cell sarcomas. A report of 130 cases from the champ study
group. Am. J. Pathol. 1999; 154; 1841-1847.

37.Lee W, Teckie S, Wiesner Tet al PRC2is recurrently inactivated
through EED or SUZ12 loss in malignant peripheral nerve sheath
tumors. Nat. Genet. 2014; 465 1227—-1232.

38. Marburger TB, Gardner JM, Prieto VG, Billings SD. Primary cutaneous
rhabdomyosarcoma: a clinicopathologic review of 11

cases. J. Cutan. Pathol. 2012; 39; 987-995.



Legends
Figure 1. De- and trans-differentiated melanomas are deeply invasive tumours extending into

subcutaneous adipose tissue (A) and underlying fascia or galea (B).

Figure 2. De- and trans-differentiated melanomas are frequently ulcerated tumours (A) and
there is often a sharp demarcation between the invasive melanoma component (left) and the

de- or trans-differentiated component (right) (B).

Figure 3. This de-differentiated melanoma shows a nodular and polypoid growth pattern
(A). The majority of the tumour is composed of the de-differentiated component characterised
by a fascicular growth of atypical spindle cells (B) lacking S-100 (C) and SOX10 expression
(D). A pre-existing superficial spreading melanoma is noted only in the periphery of the tumour

(E) and is highlighted immunohistochemically by Melan-A staining (F).

Figure 4. This large and asymmetric tumour (A) contains a central nodular and cellular de-
differentiated component composed of pleomorphic epithelioid tumour cells (B). The de-
differentiated component is surrounded by a desmoplastic melanoma composed of atypical
spindle cells (C) with invasion of underlying galea (D). Immunohistochemistry for S-100 (E)
and SOX10 (F) highlights only the desmoplastic melanoma component, while the de-

differentiated aspect is negative.

Figure 5. De-differentiated melanoma shows atypical fibroxanthoma/pleomorphic dermal
sarcoma (AFX-/PDS)-like features characterised by sheet-like (A) or fascicular (B) growth
patterns. There is striking nuclear pleomorphism and multinucleated tumour cells may be
present (C). The tumours may show pseudoangiomatous features (D) or contain numerous
osteoclast-like giant cells (e). No specific lines of differentiation can be demonstrated in the
de-differentiated component by immunohistochemistry but, similar to AFX and PDS, there is

strong and diffuse staining for CD10.



Figure 6. Trans-differentiated melanoma with rhabdomyosarcomatous features is
characterised by a sheet-like proliferation of polygonal cells with brightly eosinophilic
cytoplasm (A). Spindle cells are admixed and the cytoplasm shows a fibrillary quality (B).
Examples reminiscent of pleomorphic rhabdomyosarcoma are characterised by pronounced
nuclear pleomorphism (C) and atypical mitotic figures (D). The tumour cells

express desmin (E), and there is nuclear staining for myogenin (F).

Figure 7. Trans-differentiated melanoma with epithelial features closely resembles spindle
cell carcinoma. The tumour is composed of intersecting fascicles (A) of atypical spindle cells
showing significant nuclear pleomorphism (B) and tumour necrosis (C). The tumour cells stain

with AE1/3 (D).



