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Abstract Purpose: Dedifferentiated melanoma (DedM) poses significant diagnostic chal
lenges. We aimed to investigate the clinical, histopathological and molecular features of 
DedM. Methylation signature (MS) and copy number profiling (CNP) were carried out in a 
subgroup of cases.
Patients and methods: A retrospective series of 78 DedM tissue samples from 61 patients 
retrieved from EORTC (European Organisation for Research and Treatment of Cancer) 
Melanoma Group centres were centrally reviewed. Clinical and histopathological features 
were retrieved. In a subgroup of patients, genotyping through Infinium Methylation micro
array and CNP analysis was carried out.
Results: Most patients (60/61) had a metastatic DedM showing most frequently an un
classified pleomorphic, spindle cell, or small round cell morphology akin to undifferentiated 
soft tissue sarcoma, rarely associated with heterologous elements. Overall, among 20 suc
cessfully analysed tissue samples from 16 patients, we found retained melanoma-like MS in 
only 7 tissue samples while a non-melanoma-like MS was observed in 13 tissue samples. In 
two patients from whom multiple specimens were analysed, some of the samples had a pre
served cutaneous melanoma MS while other specimens exhibited an epigenetic shift towards a 
mesenchymal/sarcoma-like profile, matching the histological features. In these two patients, 
CNP was largely identical across all analysed specimens, in line with their common clonal 
origin, despite significant modification of their epigenome.
Conclusions: Our study further highlights that DedM represents a real diagnostic challenge. 
While MS and genomic CNP may help pathologists to diagnose DedM, we provide proof-of- 
concept that dedifferentiation in melanoma is frequently associated with epigenetic mod
ifications.
© 2023 Elsevier Ltd. All rights reserved. 

1. Introduction

Melanoma is the most aggressive type of skin cancer 
that arises from melanocytes, neuroectoderm-derived 
pigment-producing cells with highly polarised dendritic 
morphology [1]. The diagnosis of primary and meta
static melanoma is based on well-established morpho- 
immunophenotypic features and genotyping. Whereas 
melanocytic differentiation in primary melanoma is 
often immediately apparent making their diagnostic 
recognition straightforward, metastatic melanomas may 
adopt potentially misleading cyto-architectural char
acteristics, can show loss of expression of im
munohistochemical markers or present with aberrant 
morpho-immunophenotypes, all of which may give rise 
to differential diagnostic confusion in the differentiation 
of respective lesions against diverse non-melanocytic 
neoplasms of epithelial, mesenchymal, neurogenic or 
even hematolymphoid and histiocytic origin [2–8].

Genotyping (specifically, BRAF, NRAS and NF1) has 
been suggested and used as a surrogate marker in clas
sifying such difficult-to diagnose dedifferentiated meta
static melanoma cases [3–5,9]. Dedifferentiation reflects 
a high degree of plasticity with the ability of differ
entiated melanoma cells to dedifferentiate into a more 
primitive neural crest–like phenotype, either de novo or 
upon systemic therapy [10–15].

To minimise the risk of misdiagnosis, clinical, histo
pathological and genotypic criteria have been defined re
cently in order to capture diagnosis of dedifferentiated 
melanoma (DedM) in clinically unclear situations. Major 
clues to the diagnosis include (1) melanoma history, 2) 
presence of a minimally differentiated clone, (3) emergence 
of non-specific histology such as pleomorphic un
differentiated, pleomorphic rhabdomyoblastic or os
teochondroblastic, (4) detection of a melanoma-associated 
mutation, and (5) absence of an alternative primary [5]. 
More recently, another terminology has been proposed, 
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also reflecting the partially unexplored biology and mole
cular presentation of these tumours [7].

Dedifferentiation and melanoma plasticity are both 
important consequences of the biological heterogeneity 
governing clinical progression, metastasis as well as re
sistance to targeted approaches and immunotherapy in 
melanoma [8,12].

Although the exact molecular mechanisms leading to 
dedifferentiation are largely unknown, it is conceivable 
that intratumoral stem cells may be essential for the 
expansion of new lines of differentiation [2,16]. In these 
cells, activation of lineage-specific transcription factors 
may change lineage commitment causing aberrant gene 
expression patterns and phenotypes. In addition, epi
genetic alterations caused by malfunction of genes in
volved in maintaining chromatin marks and/or DNA 
methylation patterns, may be involved [17].

Large consecutive series with centralised pathologic 
review and in depth comprehensive genetic analyses are 
lacking so far, which has hampered specific taxonomic 
tumour classification. Here, we investigated the clinical, 
histopathological and molecular features of DedM. 
Methylation signature (MS) and the copy number pro
file (CNP) were obtained for a subgroup of cases with 
sufficient biopsy tissue.

2. Materials and methods

2.1. Patients and archival biopsy tissue

Tissue samples from metastatic DedM and, when 
available, matched primary cutaneous melanomas were 
retrospectively collected at EORTC Melanoma Group 
centres. Samples from systemic treatment-naive patients 
as well as from patients on treatment (BRAFi, 
BRAFi + MEKi, immunotherapy) were collected along 
with clinical data on age, gender, primary melanoma 
diagnosis, locoregional therapy, and systemic therapy 
(Table 1S). Representative H&E-stained slides were 
scanned at ×400 magnification using the Aperio AT2 
platform (Leica Biosystems, Wetzlar, Germany). Each 
digitised slide was imported into the HALO Link® (In
dica Labs, Albuquerque, NM) image management 
system and reviewed by three pathologists with re
cognised expertise in melanoma and soft tissue pa
thology (D.M., D.M.P., A.A.) to reach a consensus 
diagnosis based on previously proposed morphological, 
immunohistochemical, and genetic criteria [5].

The diagnosis of a 'genuine DedM' was rendered as 
defined above if the tumour fulfilled the above criteria and 
in addition showed lack of morphological and im
munophenotypic features of melanoma, that it is negative 
for all routinely used melanoma markers (pS100, SOX10, 
MelanA, HMB45 and melanoma cocktail). DedM is the 
main pattern observed in primary tumours showing 
transition from conventional melanoma to a sarcoma-like 
component associated with loss of melanoma markers. 

While primary DedM as a composite tumour is usually 
straightforward diagnosis, metastatic undifferentiated 
melanoma should fulfil the diagnostic criteria proposed 
recently by Agaimy et al. [5] and outlined above. In case 
of melanoma of unknown primary (MUP), the metastasis 
should show a melanoma-typical mutation such as 
NRAS, BRAF or NF1 and the metastasis should not 
correspond to a specific histological pattern, but displays 
non-specific morphologies known to occur in diverse 
undifferentiated malignancies such as undifferentiated 
pleomorphic sarcoma (UPS)-like, unspecified spindle cell 
sarcoma-like, undifferentiated round cell sarcoma-like, 
undifferentiated epithelioid/rhabdoid morphology, pleo
morphic rhabdomyoblastic, osteoblastic or chondro
blastic patterns [3].

Similar criteria were applied to diagnose tumours as 
‘compatible with DedM’ when there was no previous 
history of melanoma or where the genotype of the pri
mary melanoma was unknown [5]. In those uncommon 
cases with metastatic MUP, only cases in which at least 
one metastasis showed unequivocal melanocytic differ
entiation were considered. Moreover, in patients with 
previous melanoma history, specific sarcoma types such 
as leiomyosarcoma, Ewing’s sarcoma, and synovial 
sarcoma were considered independent (secondary) tu
mours, and therefore excluded.

The study was approved by the institutional 
Research Ethical Board (ID 132/19 ASST Papa 
Giovanni XXIII Bergamo, Italy).

2.2. DNA extraction

In all specimens meeting inclusion criteria and having 
sufficient archival tissue, DNA extraction was per
formed with an automated commercial isolation system 
(Maxwell FFPE RSC DNA kit, Promega). DNA was 
spectrometrically quantified (NanoDrop, Thermo 
Fisher).

2.3. DNA methylation analysis and copy number 
profiling

DNA was analysed on the Illumina Infinium Human 
Methylation bead chip microarray platform according 
to manufacturer’s instructions (service provided by Life 
&Brain AG, Bonn). Data were normalised (SWAN 
(Subset quantile Within-Array Normalization)) and 
beta values obtained with minfi [18] as described 
[19–21]. Genome-wide CNPs were computed from mi
croarray data with conumee [22] as described [19,23].

2.4. Comparative analysis of methylation data

DNA methylation profiles were integrated in a pan- 
cancer dimension reduction plot using the EpiDiP 
(www.epidip.org) platform that calculates Uniform 
Manifold Approximation Projection [24] plots based on 
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top differentially methylated probes as described 
[19–21]. In short, reference data contain large fractions 
of previously published methylation data from The 
Cancer Genome Atlas (TCGA legacy portal), Gene 
Expression Omnibus (GEO). Furthermore, at the time 
of this writing, the EpiDiP data lake contains more than 
6000 currently non-annotated datasets from anonymous 
external sources. This dataset also contains large num
bers of bona fide melanoma samples, in particular from 
the TCGA, but also the GEO repositories GSE90496 
[23] and GSE140686 [25]. Of note, EpiDiP provides a 
comprehensive set of artefact-laden datasets which ty
pically resulted from degraded or quantitatively in
sufficient DNA. In such cases, the microarray data show 
a discrete methylation pattern which reproducibly 
clusters, allowing exclusion of data from inappropriate 
samples. The nearest 15 annotated neighbour cases were 
scored concerning methylation-based classification. 
Hence, a case surrounded by 15 neighbours annotated 
as melanoma would receive a 100% melanoma score, 
while cases falling at the edge of a cluster would con
secutively score lower. The maximum score was con
sidered diagnostic for each sample.

3. Results

Demographics, clinical presentation, morphological 
features, immunohistochemical and molecular-genetic 
findings for the 61 patients (78 formalin-fixed and par
affin-embedded [FFPE] tissue samples) meeting our in
clusion criteria of DedM are summarised in Table 1S. 
The median age of our cohort was 57 years (range 24–89 
years), 30 (49%) patients were males. Overall, 60/61 were 
metastatic melanoma patients, while 1/61 presented with 
undifferentiated primary melanoma. Of the 60 meta
static DedM cases, 53 patients had a prior history of 
histologically confirmed primary melanoma, while 7 
patients were diagnosed as metastatic MUP (11.6%).

Specifically, the histological pattern of the un
differentiated melanoma was assessed based on defined 
morphological features in analogy to the classification 
of soft tissue and bone sarcomas as well as other rare 
patterns. An unclassified pleomorphic and spindle cell 
morphology akin to UPS-like was the most frequently 
encountered pattern (n = 21), followed in decreasing 
order of frequency by small round cell sarcoma-like, 
admixed with medium-sized epithelioid cells (n = 20), 
large rhabdoid/epithelioid cell morphology (n = 12), 
spindle cell sarcoma-like, occasionally mimicking low- 
grade fibromyxoid sarcoma (n = 11), small round cells 
admixed with spindled cells (n = 9), myxoid/myxofi
brosarcoma-like (n = 3), chondroblastic/osteogenic 
sarcoma (n = 1), and adenocarcinoma-like (n = 1). A 
focal pleomorphic rhabdomyosarcoma-like component 
was noted in 2 cases with otherwise UPS-like mor
phology. One tumour with spindle cell sarcoma-like 
features showed focal osteogenic features.

Genetic findings are reported in Table 1S. Anato
mical sites of metastatic DedM were skin/soft tissue 
(n = 25), lymph nodes (n = 19), lung (n = 10), and 
viscera (n = 23). In one case, disseminated disease was 
diagnosed. DedM metastasis occurred synchronously to 
the primary tumour in 3 patients (cases 32, 37, and 47).

Among 61 patients with DedM, 33 received locor
egional and/or systemic therapy (Table 1S), 29 patients 
received first-line systemic therapy. Median age of 
treated patients was 51 years. Fourteen patients received 
first-line immunotherapy, 9 BRAF plus MEK in
hibitors, 4 locoregional therapy (3 radiotherapy and 1 
electrochemotherapy), 1 patient concomitant RT and 
immunotherapy. Five patients received chemotherapy 
because of an initial diagnosis of an undifferentiated 
tumour. An undifferentiated metastasis occurred after, 
during, or prior to systemic therapy in 9, 7, and 4 pa
tients, respectively. In 7 patients, dedifferentiation oc
curred during and after therapy (2 patients), before and 
during treatment (2 patients) and before and after 
therapy (3 patients). Partial or complete response to 
systemic therapy was observed in 12 patients (41%), 
whereas 16 patients experienced progressive disease 
(55%); in 4 cases (14%) response was unknown. Among 
patients, who received systemic therapy, with stages 
M1b, M1c, and M1d (n = 21), 11 (52%) achieved re
sponse. Among patients receiving first-line im
munotherapy 7/14 achieved an objective response, 
among patients BRAF mutated who received first-line 
BRAFi plus MEKi 5/9 responded to the treatment. 
Nine of the 33 treated patients were still alive, at a 
median follow-up of 48 months. Median overall survival 
from starting systemic therapy was 12 months, and a 
long-term response (> 6 months) was observed in 9 pa
tients (27%).

4. Chromosomal copy number variation and epigenetic 
features

Combined methylation and CNP was performed on 
specimens from 20/61 patients with confirmed DedM 
and yielded interpretable data for 16/61 patients. 
Overall, in 20 tissue samples from 16 patients, we found 
non-melanoma MS in 13 tissue samples and melanoma 
MS in 7 tissue samples.

Two patients (patient 23 and 64) had three samples 
taken from different sites, two patients (patient 32 and 
48) from two different sites and one patient (patient 22) 
from four different sites investigated. Interestingly, the 
tumour in patient 22 exhibited a melanoma MS in a 
lymph node metastasis while the MS in the separately 
analysed tumour fraction growing into the extranodal 
adipose tissue had a MS more similar to osteosarcoma 
(OS). Another metastasis occurring 1 year later under 
targeted therapy again showed an OS-like MS. Patient 
23 who was initially diagnosed as cancer of unknown 
primary demonstrated a melanoma-typical MS in a 
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lymph node metastasis whereas concurrent soft tissue 
metastases had a MS most similar to epigenetic re
ference data of malignant peripheral nerve sheath tu
mours (MPNST). A visceral metastasis to the jejunum 
occurring during immunotherapy 2 years later exhibited 
a melanoma-typical MS again (Figs. 1 and 2).

In addition to the above-mentioned aberrant MS in 
DedM, tumours of further 10 DedM patients with 
clinico-histologically confirmed melanoma diagnosis 
also showed deviant MSs: Again, epigenetic resem
blance to malignant soft tissue tumours, mostly OS and 

MPNST, were predominant (Table S2). CNP derived 
from methylation microarray data independently of 
DNA methylation profiles exhibited changes typical of 
cutaneous melanoma (loss of 1p, 6q, 9p and gains of 1q, 
6p or 8q) in 11/16 patients. As such, these profiles sug
gest the presence of melanoma despite atypical MSs.

Comparison of CNVs (Copy number variations) 
from different metastases of the same patients (patients 
22–23) confirmed clonal relationship, even if the me
thylation profile was replaced with OS-like, MPNST- 
like or UPS-like MS (Figs. 1 and 2).

Fig. 1. Patient 22. Axillary lymph node metastasis (A) with extranodal fat involvement (B) before therapy and metastasis during therapy 
(C, D). All copy number profiles from DNA methylation microarrays exhibit similar copy number changes, indicating clonal relationship 
of all biopsy specimens. Conventional H&E histology reflects increasing degrees of dedifferentiation; scale bars: 50 µm. Pie charts show 
Uniform Manifold Approximation Projection methylation scores, indicating epigenetic similarity to melanoma (A), conventional os
teosarcoma (B), degraded DNA (C), and conventional osteosarcoma (D); scores generated with www.epidip.org.
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5. Discussion

Our study conveys four potential relevant results: i) loss 
of MS occurs in DedM to an extent that it is no longer 
possible to recognise these tumours epigenetically as 
melanomas; ii) the epigenetic features may also confer to 
a misdiagnosis of specific types of soft tissue sarcomas in 
a large proportion of patients such as OS and MPNST; 
iii) in most cases of DedM, the CNP is preserved despite 
loss of the melanoma MS; iv) clinical features, mutation 
profile, CNP and MS should be integrated to achieve a 
correct diagnosis of DedM. Finally, a significant 

proportion of patients with DedM achieve a clinical 
response to systemic therapy. These findings are clini
cally and translationally novel, timely and relevant both 
for pathologists and clinicians.

In our study, a significant proportion of melanomas 
lost their melanoma-like MS. In the case of low epige
netic concordance with a wide range of sarcomatous 
tumours, chromosomal CNPs should be checked 
against the chromosomal aberrations typically present 
in cutaneous melanoma [23] (reference cases on www. 
epidip.org from the TCGA). In case primary tumour 
specimens from the same patient are available, these 

Fig. 2. Patient 23. Copy number profiles of three different metastatic sites before (A, C, D) and after treatment 3 years later (B) featuring 
four distinct morphological patterns indicating clonal relationship. Initial lymph node metastasis (A) and peritoneal metastasis under 
therapy with retained melanoma methylation signature in Uniform Manifold Approximation Projection plotting (pie charts). Histology is 
shown on H&E-stained slides; scale bar 50 µm. Note that in specimen B melanin pigment can be identified. Initial soft tissue metastasis (C, 
D) with divergent histological patterns; DNA was extracted separately from two sites within the same tumour specimen. The epigenome 
aligns with malignant peripheral nerve sheath tumours (MPNST) and other high-grade mesenchymal neoplasms.
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should be subjected to methylation and CNP in parallel 
to the current metastatic disease in order to detect po
tential clonal relationships. In cases where dediffer
entiation has altered the neoplastic epigenome to the 
extent that it is no longer matching cutaneous mela
noma, alternative approaches such as targeted parallel 
sequencing should be performed. This is particularly 
helpful if a given tumour exhibits MS of MPNST or OS, 
while its CNP is not reminiscent of such entities.

From a practical point of view, the current study 
adds on available criteria for DedM [5] and for chal
lenging cases suggests a step-wise approach which in
cludes the following: the medical history of prior 
melanoma and in case of unknown primary, at least one 
differentiated melanoma metastasis with melanoma-ty
pical mutation such as NRAS, BRAF or NF1. More
over, analysis of more than one sample in patients with 
probable metastatic MUP is more promising to find at 
least one metastasis with melanoma-compatible MS or 
CNP, especially in cases with BRAF/NRAS/NF1-triple 
negative genotypes. Clinicians and pathologists should 
be aware of the challenging significance of MS alone 
which can lead to a misinterpretation of pathologic 
findings and misdiagnoses in > 50% of cases, if used in 
isolation. For this reason, an integration of MS and 
CNP is suggested by our study. In general, combined 
methylation and copy number analysis seems to be a 
helpful technology complementing histological workup, 
capable of potentially eliminating the need for costly 
large parallel sequencing approaches.

Our study results illustrate that a diagnosis of DedM 
should not be made on the basis of a MS alone. For 
example, patient 23 would have been diagnosed with 
MPNST. This patient with unknown primary and 
DedM metastases on the thigh received a correct diag
nosis thanks to clinics with clear-cut inguinal melanoma 
metastasis, NRAS mutation, ‘melanoma specific’ CNP 
despite MS of an MPNST. None of the divergent epi
genomes in our study showed epigenetic similarity to 
epithelial or hematolymphoid neoplasms.

Our study extends and validates in a clinical context 
some preclinical findings suggesting that epigenetic 
mechanisms are crucial in the regulation of the mela
noma cell differentiation state [17,26]. The shift in MS 
likely represents a process of retrograde differentiation 
of melanocytes in which melanoma cells re-gain a stem 
cell feature, and, in turn, could shift to a neuroecto
dermal or mesodermal lineage. Interestingly, with re
gards to our series, the majority of patients presented 
with an OS-like MS, suggesting indeed a mesodermal 
lineage. It has been reported that neural crest dediffer
entiation is an adverse phenotype and that dediffer
entiation could be a state of cellular resistance to ICIs 
(Immune checkpoint inhibitors) and targeted therapies 
since cancer cells revert to a more primitive cellular 
phenotype. In our series 12/29 (41%) patients responded 
to systemic therapy, and 26% showed a long-term 

response. Notably, among patients with M1b, M1c, 
M1d disease, 50% of patients responded to systemic 
therapy. Our results are in partial disagreement with 
previous reports [27,28] but in agreement with Kim 
et al. [12], who demonstrated an IFN-γ–induced ded
ifferentiation signature as a biological explanation of 
response in patients with DedM.

Our study has several strengths including the fol
lowing: i) the relatively large cohort of DedM, which 
has been centrally reviewed by pathologists with ex
pertise in dermatopathology and soft tissue pathology; 
ii) CNP was informative even in melanoma samples that 
lost the melanoma-like MS; iii) the translational re
levant finding that MS mechanisms may drive pheno
typic presentation of melanoma to an extent that it is no 
longer possible to recognise these tumours epigenetically 
as melanoma. However, our study has some weaknesses 
including the following: i) the retrospective nature, ii) 
the lack of preclinical mechanistic studies and iii) the 
relatively limited cohort to reliably draw conclusions on 
dedifferentiated state as a poor prognostic feature in 
melanoma.

In summary, our study by reporting a relevant di
agnostic tool for DedM diagnosis and identifying a 
translational mechanism of melanoma plasticity con
tributes to a better understanding of a challenging and 
rare phenomenon in melanoma biology. Moreover, our 
study represents a novel addition to the diagnostic fea
tures of dedifferentiation in malignant neoplasms as we 
show that not only cumulative molecular-genetic aber
rations but also epigenetic reprogramming are involved 
in the cellular plasticity and dedifferentiation of cancer. 
Future studies will evaluate possible impact of epige
netic drugs and the most suitable systemic therapy 
scheme (melanoma versus sarcoma-tailored) as a po
tential therapeutic strategy to be implemented in DedM 
with non-melanoma-like MS.
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