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Abstract

Undifferentiated melanoma should be considered in the differential diagnosis of sarcomatoid 

cutaneous malignancies to ensure that patients receive the correct treatment. Dermatopathologists 

should recognize the pitfalls of relying too heavily on immunohistochemistry to establish this 

diagnosis and consider ancillary tests, including single nucleotide polymorphism (SNP) copy 

number arrays and targeted next generation sequencing (NGS), when a definitive diagnosis cannot 

be rendered on a primary or metastatic tumor. This technology can also help to exclude a 

collision of melanoma and sarcoma when both differentiated and undifferentiated components 

are juxtaposed. We describe an exceedingly rare, illustrative example of undifferentiated 

sarcomatoid melanoma presenting as a pedunculated nodule. The clinical context and presence 

of a small differentiated component helped to establish the diagnosis; however, the transition 

from differentiated to undifferentiated melanoma was accompanied by an abrupt loss of S100, 

Sox10, MITF, MelanA and HMB45 with gain of CD10 and p63 staining. SNP copy number 

array and NGS revealed shared chromosomal copy number changes and overlapping mutations 

with additional aberrances detected exclusively in the sarcomatoid component; thus, excluding 

a collision tumor and confirming our putative impression of melanoma with progression to an 

undifferentiated sarcomatoid phenotype.
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Introduction

Undifferentiated malignant melanomas are exceedingly unusual and potentially 

underreported given the difficulties inherent in establishing the diagnosis. A primary 

melanoma with sarcomatoid features and a loss of melanoma-related antigen expression 
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must be distinguished from atypical fibroxanthoma (AFX), pleomorphic dermal sarcoma 

(PDS), sarcomatoid squamous cell carcinoma (SSCC), and undifferentiated pleomorphic 

sarcoma (UPS) since treatments are different. For instance, a sentinel lymph node biopsy 

will likely be offered to a patient with a deep sarcomatoid melanoma. Likewise, metastatic 

melanoma with loss of differentiation must also be distinguished from a soft tissue 

sarcoma. We present an unusual and illustrative example of undifferentiated sarcomatoid 

melanoma and discuss the most useful clinical, histologic and molecular findings that help 

dermatopathologists establish this diagnosis.

Case Report

A 73-year-old man presented with a rapidly-growing, pedunculated 6 × 5 × 3 cm nodule 

on his lower left lateral thigh. An excisional biopsy was performed, and gross examination 

of the specimen revealed a focally necrotic intradermal mass that was partially contiguous 

with the epidermis. On microscopic examination, a small portion of superficial spreading 

melanoma was identified in contiguity with a considerably larger, subjacent nodule of 

spindled and epithelioid cells with bizarre nuclei, atypical mitoses and admixed giant cells. 

Some portions of the tumor showed a gradual transition from nests of invasive melanoma to 

fasciculated spindled cells with intermediate grade nuclei to enlarged cells with anaplastic 

nuclei indistinguishable from those of undifferentiated pleomorphic sarcoma. The tumor 

in its entirety had a Breslow depth of 7.9 mm and was ulcerated (AJCC stage pT4b). 

MelanA immunohistochemistry stained the in situ and superficial intradermal component 

of the differentiated melanoma, but was not expressed by the spindled and sarcomatoid 

components (Figure 1).

The anatomic site, generous excision sample that permitted for the evaluation of the entire 

lesion, dermal localization with limited involvement of the subcutis, and continuity of 

the differentiated and undifferentiated cell populations strongly supported a presumptive 

diagnosis of melanoma with an undifferentiated sarcomatoid component. PET/CT revealed 

an FDG-avid, presumptive left inguinal node metastasis measuring 1.9 × 1.5 cm but no 

evidence of distant metastases. In anticipation of the planned core needle biopsy of the left 

inguinal lymph node, a battery of immunohistochemical stains was performed in order to 

determine the phenotype of the tumor. The differentiated melanoma component expressed 

S100, Sox10, HMB45, and MITF. Although S100 highlighted background dendritic cells 

throughout the undifferentiated sarcomatoid component, the sarcomatoid cells were negative 

for S100 as well as the other aforementioned markers. Additional immunohistochemical 

stains revealed dense CD10 expression in only the sarcomatoid component with a majority 

of cells co-expressing p63 (Figure 2). Neither of these markers was expressed by the 

differentiated component and neither component expressed p40, CK5, AE1/AE3, BRAF, 

desmin, smooth muscle actin or CD34.

Rapid sample-to-answer PCR testing using the Idylla™ NRAS-BRAF Mutation Assay 

cartridge (Biocartis, Mechelen, Belgium) revealed an NRAS p.Q61L somatic variant in 

the sarcomatoid component but not the differentiated melanoma component. Subsequent 

follow-up testing by next-generation sequencing (NGS) using the 50 gene Cancer Hotspot 

Panel v2 (ThermoFisher Scientific, Waltham, Massachusetts USA) revealed the NRAS 

Lefferts et al. Page 2

J Cutan Pathol. Author manuscript; available in PMC 2023 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



p.Q61L in the sarcomatoid component, with a variant allele frequency of 43.9%, and in 

the differentiated melanoma, with a variant allele frequency of 11.8%.. Re-evaluation of the 

Idylla PCR amplification curves suggested the presence of a low-level p.Q61L variant in 

the differentiated melanoma component below the established cut-off. No additional BRAF 
or NRAS mutations were identified in either component by the Idylla NRAS-BRAF assay 

or the NGS panel. A TP53 p.P278S variant (NM_002524.4 c.182A>T) was detected in 

both components with a VAF of 13.6% in the differentiated melanoma and 52.4% in the 

sarcomatoid component, which reflected the NRAS variant VAF in the two components 

(Table 1).

Single nucleotide polymorphism (SNP) chromosomal microarray (OncoScan FFPE Assay 

kit, Affymetrix, Santa Clara, California, USA) was performed on both components of the 

tumor and revealed multiple copy number changes and copy neutral losses of heterozygosity 

(CN-LOH) found in both components (8p loss, 8q gain, 9p CN-LOH, 11q loss, 12q CN-

LOH, 20p gain and chromothripsis/shattering of chromosome 22) and several additional 

copy number changes unique to the sarcomatoid component (1p gain, 6p gain, 6q loss, 

gain of chromosome 7, loss of chromosomes 10 and 13 and loss of 17p). These findings 

suggested a clonal evolution of the differentiated melanoma tumor into a more advanced 

sarcomatoid component of the tumor that harbored additional chromosomal abnormalities. 

No copy number changes were detected involving TP63 (3q28) or TERT (5p15), genes not 

included in the NGS panel used. The 9p CN-LOH detected in both components of the tumor 

included CDKN2A (p16).

The patient underwent core needle biopsy of his left inguinal lymphadenopathy, which 

revealed an undifferentiated metastatic sarcomatoid malignancy harboring an NRAS p.Q61L 

mutation that was detected by NRAS-BRAF Mutation Assay cartridge and identical to the 

previously identified mutation. The patient completed 5 cycles of pembrolizumab and at 3 

months follow-up has developed no new PET-avid lesions.

Discussion

Undifferentiated sarcomatoid melanomas are exceedingly rare and can pose several 

diagnostic conundrums. The diagnosis in our case was possible given the presence of a 

residual differentiated component and supportive clinical context. Ancillary tests confirmed 

the putative relationship between the differentiated and undifferentiated components, 

excluding the unlikely prospect of a collision scenario between melanoma and AFX or 

PDS. The distinction between undifferentiated sarcomatoid melanoma and AFX or PDS 

would have been of much greater difficulty in the case of a rapidly growing tumor on 

sun-exposed skin, particularly on the head and neck, of a patient of advanced age, since 

the vast majority of AFX and PDS arise in this clinical setting.1 UPS would enter the 

differential diagnosis when evaluating a metastatic or primary tumor situated in the subcutis. 

In these instances, and particularly when a partial sample is provided for diagnosis, a 

component of differentiated melanoma may not be present. Serial step-leveled sections 

and immunohistochemistry should be performed in an effort to identify any evidence of a 

differentiated component before raising consideration for a mesenchymal malignancy.2 In 
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some instances, it may be prudent to defer a definitive diagnosis until the tumor can be 

evaluated in its entirety.

Overreliance on immunohistochemistry in the workup of an undifferentiated sarcomatoid 

malignancy is fraught with diagnostic pitfalls. As our example illustrates, sarcomatoid 

melanomas can express CD10 and p63. CD10 has gained recognition as a marker that is 

helpful for distinguishing AFX and PDS from other cutaneous sarcomatoid malignancies 

including SSCC and melanoma3–7; however, CD10 expression has been reported in a 

subset of melanomas, and some studies have associated CD10 expression in melanomas 

with disease progression.2,3,8,9 The two most recent examples of CD10-positive melanomas 

reported in the literature were also undifferentiated sarcomatoid melanomas with polypoid, 

pedunculated clinical appearances.2 p63 immunohistochemistry is generally helpful for 

distinguishing SSCC from melanoma and AFX/PDS given its sensitivity for SSCC and 

crisp nuclear labeling; however, it should be interpreted cautiously in concert with markers 

that offer a greater specificity for SSCC, including the p40 isoform10,11 and cytokeratins. 

p63 expression has previously been reported in mesenchymal malignancies10,11 and cannot 

be used in isolation to exclude AFX, PDS, and UPS. p63 immunohistochemical staining 

is infrequently assessed in melanomas, and is rarely reported as positive.12 However, its 

expression is well-documented in a subpopulation of melanomas and evidence suggests that 

its expression may be associated with antiapoptotic activity and a poorer prognosis.13,14 

Additional pitfalls in the assessment of undifferentiated sarcomatoid malignancies of the 

skin include aberrant MITF expression noted in a subset of AFX, PDS, and UPS.15,16 

S100 labeling of an impressive quantity of dendritic cells within AFX and PDS has been 

described in a pattern similar to that which was observed in our melanoma and should not 

be construed as positive staining.15,16 Close inspection of the stain may be necessary to 

distinguish staining of background dendritic cells from S100 expression by the malignant 

cells.

Judicious use of molecular studies can help to exclude the possibility of a collision 

scenario of melanoma and sarcoma. The distinct transition in both the morphology and 

immunophenotype between the components of melanoma in our case example prompted 

some consideration for this possibility. Collisions of AFX and melanoma, AFX and 

melanocytic nevi, and AFX and squamous cell carcinoma are rare but nonetheless well-

documented.17–22 In our case, the overlap in SNP copy number changes and oncogenic 

mutations suggested a common origin for both the differentiated and undifferentiated 

sarcomatoid components of this melanoma. Furthermore, additional copy number variations 

were identified in the sarcomatoid component, which was in keeping with our understanding 

that it had evolved from the preexisting differentiated melanoma. This concept was further 

supported histomorphologically in portions of the tumor that showed a gradual transition 

from a nested epithelioid morphology to spindled and bizarre pleomorphic cells. Similar 

molecular methods have been used previously to distinguish a desmoplastic melanoma with 

sarcomatoid dedifferentiation from a collision of desmoplastic melanoma and PDS.23 In this 

previous case, the identification of neurofibromin 1 (NF1) mutations in both components 

and high proportion of shared chromosomal copy number changes and mutations similarly 

excluded the possibility of a collision tumor.
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Molecular studies can also be helpful in the evaluation of presumptive metastases or partial 

samples of a cutaneous undifferentiated sarcomatoid malignancy when no differentiated 

component is identified.24 Genomic analyses of AFX and PDS have revealed similarities 

and differences with melanoma. As in melanoma, AFX and PDS show a high ultraviolet 

mutational burden, sometimes involving the TERT promoter and TP53 coding regions.25–27 

They also show a wide range of DNA copy number alterations, with greater copy number 

variations in PDS than in AFX, which has fostered discussion as to whether PDS represents 

progression of AFX and not a distinct neoplasm.28 Furthermore, these entities show 

occasional chromosome 9p deletions27–29 and rarer MYC amplifications that are seen 

in cutaneous melanomas.30 To our knowledge, however, HRAS and KRAS oncogenic 

mutations have been discovered in only a small number of PDS and not in AFX.27,31 

Furthermore, NRAS mutations, as identified in the sarcomatoid component of our case, have 

not been reported in these neoplasms and should raise strong consideration for melanoma 

since approximately two thirds of melanomas, including undifferentiated melanomas, have 

RAS-RAF-MAPK pathway activating mutations.15,24 Furthermore, NRAS mutations may 

be slightly overrepresented among undifferentiated melanomas.24 The finding of a BRAF 
mutation in an undifferentiated malignancy should raise even stronger consideration for 

melanoma since BRAF mutations have not been identified in UPS and are in general 

rarely identified in sarcomas.32 Some melanoma variants are strongly associated with 

additional mutations, including KIT mutations present in mucosal and acral lentiginous 

melanomas, and NF1 mutations which have been associated with a subset of desmoplastic 

melanomas23. In contrast, AFX has a higher frequency of mutations involving NOTCH1/2, 

FAT1, COL11A1, CSMD3 and ERBB4.27,29

In summary, dermatopathologists must consider the possibility of melanoma when 

evaluating an undifferentiated sarcomatoid malignancy and not rely too heavily on 

immunohistochemistry when there are clinical or histologic features that would otherwise 

raise strong consideration for melanoma. The distinction between undifferentiated 

melanoma and AFX, PDS, and UPS is necessary for management since treatment differs 

tremendously. AFX and PDS are clinically indolent in comparison to melanoma. Excision 

of an AFX is essentially curative. Conversely, patients with melanomas may be offered 

sentinel lymph node biopsies at the time of excision, receive BRAF testing in the setting 

of metastatic disease, and undergo surgical and medical therapies commensurate with a 

melanoma diagnosis and in lieu of those reserved for UPS. This critical distinction can be 

nonetheless problematic depending on the clinical context, especially when a differentiated 

component of melanoma cannot be identified in the provided specimen. Therefore, it may 

be prudent to defer definitive diagnosis or pursue ancillary molecular tests when evaluating 

partial samples of significantly larger lesions or biopsies of presumptive metastases. Rare 

cases including our own illustrate how SNP and NGS can be leveraged to establish a firm 

diagnosis by identifying common copy number variations and or mutations characteristic 

of melanoma or sarcoma across both components. NGS and rapid BRAF/NRAS testing 

offer an added potential benefit of unveiling therapeutic targets. Dermatopathologists must 

appreciate the limitations and benefits of clinical, histologic, immunohistochemical, and 

molecular findings when evaluating an undifferentiated cutaneous sarcomatoid malignancies 

in order for patients to receive the correct treatment.
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Figure 1. Malignant melanoma with an undifferentiated sarcomatoid component.
(A) A large pedunculated, centrally necrotic mass with a narrow stalk is focally contiguous 

with the epidermis (5x). (B) MelanA immunohistochemistry highlights the intraepidermal 

and superficial intradermal components; however, staining is not identified in the deep 

nodular component (5x). Higher power views (40x) of the superficial nested component 

reveal superficial spreading melanoma (C MelanA; D–E H&E). (F) However, portions of 

the tumor nearer to its necrotic center are comprised of disorganized sheets of cells with 

enlarged, hyperchromatic nuclei. Despite these distinct appearances, a gradual transition in 

cytomorphology was apparent from the superficial nested melanoma (G, 200x) to fascicles 

of spindled cells with increased nucleomegaly and pleomorphism (H, 200x) to sheets of 

sarcomatoid cells with bizarre nuclear features and accompanying multinucleated giant cells 

(I, 200x).
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Figure 2. Expression of CD10 and p63 in undifferentiated sarcomatoid melanoma is a potential 
diagnostic pitfall.
(A) The undifferentiated sarcomatoid component exhibits strong and diffuse CD10 

expression (A 40x; B 100x) and unequivocal p63 expression in a majority of the lesional 

cells (thick arrow) in contrast with the superficial intradermal component of the melanoma 

(thin arrow) (C 40x; D 100x, inset 200x). The nested in situ and superficial invasive 

components did not express either of these markers.
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Figure 3. SNP Chromosomal Microarray findings support the clinicopathologic impression of a 
clonal evolution from differentiated to undifferentiated sarcomatoid melanoma.
Whole genome views of the microarray data for the differentiated melanoma (A) and the 

undifferentiated sarcomatoid component (B) with thick arrows indicating findings present in 

both components (losses of 8p and 11q, gains of 8q and 20p, CN-LOH of 9p and 12q, and 

chromothripsis of chromosome 22) suggesting common clonal origins. Thin arrows indicate 

additional alterations present exclusively in the sarcomatoid component that suggest a later 

stage in clonal evolution (gains of 1p, 6p, chromosome 7 and losses of 6q, chromosomes 10 

and 13 and part of 17p). The color of the arrows indicate copy number losses/deletions (red), 

copy number gains (blue), copy neutral loss of heterozygosity (purple) and chromothripsis/

chromosome shattering (black). The top portion of each whole genome view shows copy 

number state expressed as log2 ratio (y-axis on the left) and smoothed signal/estimated copy 

number (y-axis to the right). The bottom portion of each whole genome view contains the 

B-allele frequency (BAF), with allelic imbalances due to copy number alterations or copy 

neutral losses of heterozygosity indicated by the lack of heterozygous calls in the middle of 

plot (BAF of 0.5). Chromosomes numbers are shown along the bottom x-axis of each plot.
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Table 1.

Single nucleotide variants (SNVs) detected by Idylla/NGS.

Sarcomatoid Melanoma

Gene Reference Sequence Variant Consequence VAF Idylla VAF Idylla

NRAS NM_002524.4 c.182A>T p.Q61L 43.9% + 11.8% +/−

TP53 NM_000546.5 c.832C>T p.P278S 52.4% N/A 13.6% N/A
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