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WHO classification of skin tumours: key updates in the fifth edition

The 5th edition of the World Health Organization standardized approach. This edition introduces two

Classification of Tumours (WCT) serves as a founda- new chapters: ‘Tumours of the nail unit’ and
tion for global diagnostic standards in tumour ‘Metastases to skin’, along with new entities across
pathology. Similar to other volumes in this series, relevant chapters. This review article provides an

the Skin Tumours (Skin5) edition follows a overview of the updates in Skin5 based on currently
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published evidence, with emphasis on newly intro-
duced chapters and newly described entities that

involve the skin, in particular, epidermal, melanocy-
tic and appendageal tumours.

Keywords: appendageal tumors, hematopoetic and lymphoid tumors, keratinocytic tumors, melanocytic tumors,

nail unit tumors, skin metastases, soft tissue tumors

Introduction

The 5th Edition of the WHO Classification of Tumours
(WCT5) adopts Linnaean taxonomy principles, distin-
guishing it from the previous editions. Tumours are
now classified within a hierarchy of ‘Site-category-
Family-Type-Subtype’, moving from benign to malig-
nant tumours across the volumes to reflect their neo-
plastic progression and spectrum of aggressiveness.
WCT5 embraces a multidimensional approach, incor-
porating a range of tumour characteristics expanding
beyond histopathology to include immunohistochem-
istry and molecular genetics, enhancing diagnostic
precision.

The 5th edition benefits from the contributions of
clinicians, radiologists and molecular biologists,
whose input has enriched its scientific foundation
and improved diagnostic reliability crucial for guiding
patient treatment. Of note, the term ‘variant’ now
exclusively refers to ‘genetic variant’ (no longer being
used as a tumour ‘subtype’), meaning an alteration
in the DNA nucleotide sequence and can describe an
alteration that is benign, pathogenic or of unknown
clinical significance. In contrast, ‘subtype’ refers to a
tumour that differs from the main type in at least one
distinct characteristic — clinical, histologic or genetic
— often suggesting a distinct treatment approach or
outcome. A significant addition in WCTS5 is the inclu-
sion of ‘Essential and desirable diagnostic criteria’ for
each entity, providing clearer guidelines for diagnosis.

As mentioned above, the 12th volume of WCT5 on
Skin tumours (Skin5) has implemented the taxonomy
of Site-Category-Family-Type-Subtype. As an example,
‘Spitz naevus with Alk fusions’ is organized as follows:

Site: Skin; Category: melanocytic; Family: Spitz; Type:
Spitz naevus; Subtype: Spitz naevus with Alk fusions.
Skin5 introduces two new chapters: Tumours of the
nail unit and Metastases to skin. Additionally, the
chapter on Inherited tumour syndromes involving the
skin from the previous edition has been revised and is
now titled ‘Genetic Tumour Syndromes associated
with skin malignancies,” aligning with similar chap-
ters across the 5th edition.

This volume also includes newly recognized enti-
ties, especially molecularly rearranged tumours, iden-
tified through the increased application of molecular
techniques. A deeper understanding of the genetic
landscape of melanocytic tumours has led to an
expanded use of the melanocytoma terminology,
which was previously applied to only a few entities.

This review of the Skin5 highlights important new
diagnostic entities, changes in nomenclature and
other updates from the revised 4th edition published
in 2018 [1,2].

KERATINOCYTIC/EPIDERMAL TUMOURS

New information and criteria for the diagnostic dis-
tinction of keratoacanthoma (KA) from cutaneous
squamous cell carcinoma (cSCC) are presented in this
chapter.

Historically, KA has been considered a distinctive
squamous proliferation usually of hair follicular ori-
gin, developing in response to trauma and other fac-
tors, eventually undergoing spontaneous regression
[1-3]. Nonetheless, the status of KA has remained
controversial because of its frequent confusion and
overlap with cSCC. Because of this, KA has been
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Figure 1. Squamoproliferative lesion of uncertain malignant poten-
tial. This lesion metastasized to axillary lymph node at 18 months
following complete excision after a favoured diagnosis of keratoa-
canthoma. These architectural features are quite typical for kera-
toacanthoma including an exo/endophytic nodule, well-formed
crater, organized multilocular infundibular-trichilemmal pattern
(H&E). However, this tumour also exhibits abnormal features con-
cerning for squamous cell carcinoma. These features include thick-
ening of the proliferative border, cytologically increased nuclear:
cytoplasmic ratios, slight hyperchromasia and, finally, loss of p16
expression with an aberrant, focally weak and cytoplasmic pattern
(not shown here).

classified by many as a well-differentiated subtype of
c¢SCC [2,4]. While the distinction between KA and
SCC remains controversial, KA is likely to be consid-
ered a separate entity from SCC [5-7]. Clinical corre-
lation, adequate biopsy sampling, histopathological
and immunohistochemical criteria (by using p53,
Ki67 and pl16) (Figures 1 and 2) may permit distinc-
tion of KA from follicular SCC in many cases.
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Figure 2. Keratoacanthoma. Ki67 shows a typical peripheral-only
pattern of expression. Irregular Ki67 distribution beyond the
peripheral cells is relatively specific for conventional squamous cell
carcinoma (cSCC). A peripheral graded pattern may be seen in
some well-differentiated cSCC.

However, reliable distinction of these two entities is
not always possible and this uncertainty may be com-
municated as ‘squamoproliferative tumour of uncer-
tain malignant potential’ (Figure 1).

Adenosquamous carcinoma is no longer included
as a subtype of c¢SCC since evidence of ductal differen-
tiation supports the classification of most of these
tumours as squamoid eccrine ductal carcinoma [8,9].

Although included in the previous edition, ‘Pseudo-
vascular SCC’ is no longer considered a subtype of
SCC and is not a recommended term for ‘Acantholytic
SCC'. ‘SCC with sarcomatoid differentiation’ is now
the only acknowledged uncommon subtype of SCC. *
Lymphoepithelioma-like SCC’ is not a recommended
terminology for ‘lymphoepithelial carcinoma’.

MELANOCYTIC TUMOURS

The continual discovery of new genetic alterations in
melanocytic lesions has provided increasing evidence
for nine distinct progression pathways to melanoma
[1,10-11]. This has resulted in the description of
new entities, clarification of the status of particular
entities and changes in nomenclature [1] in Skin5.
A major focus is the detailed description of particular
‘intermediate-grade melanocytic tumours’ including
newly emerging entities under the term ‘melanocy-
toma’ [12,13]. Consequently, a new category ‘Mela-
nocytoma’ has been created within ‘Melanocytic
neoplasms in intermittently sun-exposed skin’. How-
ever, melanocytomas also occur in other progression
pathways to melanoma, including the eye and cen-
tral nervous system [1,10]. In skin and conjunctiva,
‘melanocytoma’ connotes morphologically distinctive
dermal-based neoplasms of melanocytes that have
progressed, in general, one step beyond conventional
melanocytic naevi but have not yet acquired suffi-
cient criteria for melanoma. Although formally
defined by at least two pathogenic genetic alter-
ations, for example a BRAF V600OE mutation in a
conventional naevus, followed by a ‘second hit or
hits’, such as a mutation in the BAP1 gene [12,13],
melanocytoma is also recognized by morphological
criteria that are often aligned with genetic criteria
but not always. In brief, morphological criteria
include, to varying degrees, the tumorogenic proper-
ties of increased cellularity, cytological atypia and
mitotic (proliferative) activity, usually allowing sepa-
ration from conventional nevi. Spitz melanocytoma
(atypical Spitz tumour) and cellular blue melanocy-
toma (atypical cellular blue nevus) are, in general,
morphological exceptions to the genetic definition of
melanocytoma.

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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It is also emphasized that not all intermediate mel-
anocytic lesions are melanocytomas. In particular, a
large category of atypical/dysplastic naevi in the com-
mon pathway to melanoma, exhibiting higher-grade
architectural and cytological atypia, is not considered
to be melanocytomas [2,14]. For melanocytic neo-
plasms with two or more pathogenic variants that
would define them as melanocytoma, the use of nae-
vus in the diagnosis is acceptable (e.g.
BAPI1-inactivated naevus instead of melanocytoma),
if they have entirely bland histopathological features
and absence of high-risk morphological criteria.

WNT-activated deep-penetrating/plexiform melano-
cytoma (naevus) constitutes a change in nomencla-
ture incorporating two closely related entities
previously described as deep-penetrating naevus and
plexiform spindle-cell naevus [2,12] (Figure 3). The
basis for this change is the linkage of the
WNT-signalling pathway to the morphologically
defined pigmented spindle and epithelioid cell
tumoural phenotype in these neoplasms [15,16].
These tumours are often biphasic, with a conven-
tional naevus component commonly overlying or
adjacent to the second distinctive pigmented morpho-
logical component [17]. However, monophasic
tumours are also common. Of note, the term ‘naevus’
has been retained in this new terminology because of
the indolent behaviour of the great majority of these
tumours in both skin and conjunctiva [18,19]. Two
subtypes are delineated: (1) the deep penetrating and
(2) plexiform spindle-cell subtypes.

Pigmented epithelioid melanocytoma (PEM) is
monophasic or biphasic, heavily pigmented, and usu-
ally comprised of distinctive enlarged pigmented

Figure 3. WNT-activated deep-penetrating/plexiform melanocytoma
(naevus). Deep-penetrating subtype. Fascicles of melanocytes with
scattered melanophages infiltrate the deep dermis (Haematoxylin
Phloxyne Saffron stain).

epithelioid melanocytes, spindled or ovoid melano-
cytes and melanophages [20-22]. In biphasic vari-
ants, a conventional naevus remnant may be present.
The genetic background/driver mutation determines
the subtype of PEM. At present, these subtypes
include common PEM often with a BRAF V600E
driver mutation and Spitz PEM with kinase-fusion
Spitz-defining alterations. Classification of PRKC
fusion tumours is currently being reconsidered as a
subtype of fusion naevus or tumour in the blue nae-
vus family. The essential genetic alteration character-
izing PEM is the PRKARIA inactivation mutation.
This terminology anticipates the recognition of addi-
tional PEM-defining abnormalities in PRKARIA
wild-type PEMs, for example Protein Kinase
A-activated PEM [20].

BAP1 (BRCAl-associated protein-1) -inactivated
melanocytoma is an epithelioid cell neoplasm occur-
ring sporadically or in the context of the BAP1
tumour predisposition syndrome (BAP1-TPDS)
[16,23]. In Skin5, this melanocytoma is distinguished
from combined naevus because of its clearly defined *
two-hit’” molecular and morphological phenotypes of
a BRAF mutation supervened by BAP1 inactivation
[12,24]. The term combined naevus is now reserved
for melanocytic naevi with two or more morphologi-
cally distinctive populations of melanocytes that lack
clear-cut genetic characterization. While neoplastic
progression (or clonal evolution) may still be opera-
tive in combined naevi, insufficient tumoural tissue
often confounds definitive genetic study.

Two newly described neoplasms within the MITF
pathway-activated melanocytic tumours are dermal
clear cell tumours with melanocytic differentiation
and ACTIN::MITF or MITF::CREM translocations
[25,26]. They should be distinguished from primary
clear cell sarcoma and primary or metastatic
melanoma.

As mentioned above, melanocytic tumours in other
progression pathways to melanoma qualify as mela-
nocytomas: Atypical Spitz tumour (AST) (melanocy-
toma), Cellular  blue/atypical cellular  blue
melanocytoma and Nodule in congenital nevus (CN)
(melanocytoma). The term Spitz melanocytoma has
been proposed to replace AST in accordance with
melanocytomas in other progression pathways [1].
Spitz melanocytoma (AST) is now recognized as inter-
mediate in the Spitz tumour progression pathway,
rather than a subtype of Spitz naevus [1,23]. Conse-
quently, in Skin5, Spitz tumours comprise Spitz naevi,
Spitz melanocytomas (AST) and Spitz melanomas.

Cellular blue/atypical cellular blue melanocytoma
constitutes another change in nomenclature for

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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cellular blue naevus, plaque-type blue naevus and
atypical subtypes (atypical cellular blue naevus) [1].
Cellular blue naevus and plaque-type blue naevus are
most commonly biphasic melanocytic neoplasms with
a dendritic blue naevus component and a second ‘cel-
lular’ ovoid/spindle-cell component [27]. Atypical cel-
lular blue naevi display atypical morphological
features [28,29]. Sufficient high-risk morphological
criteria and the presence of BAP1 or SF3B1 (Splicing
Factor 3B Subunit 1A) mutations provide support for
melanoma [1]. Atypical neoplasms (melanocytomas)
falling short of melanoma criteria may be considered
to have uncertain malignant potential.

Proliferative nodule in congenital naevus (CN)
(melanocytoma) is another suggested change in
nomenclature [1]. Such proliferative nodules in CN
often show one or more atypical features representing
intermediate tumoural lesions and frequently raise
concern for melanoma. However, in general, such
nodules usually fail to show sufficient high-risk mor-
phological features. These proliferative nodules/
melanocytomas typically have whole chromosomal
gains and losses versus the structural gains and losses
observed in true biological melanoma [30]. However,
there are exceptions to these criteria, and biological
outcome remains the gold standard for melanoma
[1].

Assessment of these various melanocytomas is
described in detail in Skin5. In particular, the use of
high-risk morphological criteria [23] is helpful for the
diagnosis. In addition, ancillary testing such as the
loss of pl6 expression, increased Ki67 (usually
>20%), and molecular or chromosomal studies for
whole or structural chromosomal alterations, various
mutations or translocations, including TERT promoter
‘hot spot” mutations, may provide additional informa-
tion as to the potential presence or absence of mela-
noma [1].

Skin5 also includes melanocytic tumours of the
central nervous system (CNS), ensuring that all types
of melanocytic neoplasia are accessible in one loca-
tion [1]. This is pertinent since one group of primary
leptomeningeal melanocytic tumours and melanomas
share the same G-oq (G protein) signalling progres-
sion pathway, as do uveal melanomas and cutaneous
blue nevi and melanomas derived from blue nevi. In
addition, another category of congenital melanocytic
proliferations and melanomas arising in the leptome-
ninges that are associated with cutaneous congenital
melanocytic naevi shares the NRAS mutations typi-
cally found in these naevi [1].

Melanoma metastatic to other organs is included as
a new section in Skin5. In addition to frequent

lymphatic and haematogenous spread, melanoma
and other cancers may metastasize by an additional
recently described mechanism: angiotropic extravas-
cular migratory metastasis (angiotropic EVMM). Such
tumour spread involves progressive migration of
tumour cells along abluminal surfaces of vascular
channels without entering or exiting the circulation.
Angiotropic EVMM has an embryological basis since
such cellular migration is common during embryo-
genesis [31-34]. Angiotropic tumour cell migration is
observed frequently in satellite and in-transit metasta-
ses [35], and in the replacement histopathological
growth patterns (HGPs) of liver metastases [36-39].
Two principal HGPs of melanoma (and other solid
cancers) liver and other organ metastases are signifi-
cant because of their important biological and prog-
nostic properties [37-39]. The replacement or
angiotropic infiltrating HGP connotes an aggressive
and poor prognostic phenotype with resistance to
therapy [36-39]. Diffuse microscopic involvement of
an organ such as the liver by micrometastases of the
replacement (or infiltrating) type is termed ‘miliary’
metastases [40]. The desmoplastic HGP represents a
less aggressive inflammatory angiogenic and more
favourable prognostic phenotype with formation of
an expansile nodule with a surrounding collagenous
desmoplastic rim [37-39].

APPENDAGEAL TUMOURS

Progress in characterizing the molecular phenotypes
of a number of adnexal tumours is provided in Skin5
and these are summarized in Table 1. Cribriform car-
cinoma is now downgraded to cribriform tumour
owing to the absence of reported recurrences and
metastases. Primary cutaneous NUT (Nuclear protein
in testis) carcinoma is included as a new provisional
entity.

Cutaneous cribriform tumour, an indolent adnexal
neoplasm with apocrine differentiation, is composed
of epithelial cells with eosinophilic cytoplasm forming
solid and cribriform structures and small lumina with
an absence of a myoepithelial cell layer.

Primary cutaneous NUT carcinoma with rearrange-
ments of BRD3 or NSD3 and a fusion partner in the
NUT family is a provisional and rare entity, distinct
from NUTM]I-rearranged porocarcinoma and shares
some phenotypic similarities with other NUT carcino-
mas in the thorax and in other organs [41,42]. Clini-
cally, these tumours present as papules or nodules.
The histopathology is that of a primitive epithelial
tumour composed of monotonous cells displaying a
prominent single nucleolus with frequent formation

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology



6 G Goldman-Lévy et al.

Table 1. Molecular alterations in sporadic cutaneous adnexal neoplasms [1]

Tumour type

Mutations/fusions

Apocrine/eccrine tumours

Adenoid cystic carcinoma

MYB.:NFIB fusion
MYBL7::NFIB fusion (rare)

Cutaneous mixed tumour

PLAGT fusions
HMGA?Z fusions (rare)

Cylindroma, spiradenoma and malignant tumours
evolving therein

CYLD inactivation
ALPK1 p.V1092A mutation and 7P53 mutations (so far reported in spiradenoma and
its malignant transformation)

Digital papillary adenocarcinoma

BRAF in a subset of cases, 7P53 mutations (rare)

Hidradenoma, hidradenocarcinoma

CRTC1.:.MAML2 fusion
CRTC3::MAML?2 fusion (rare)

Microcystic adnexal carcinoma

7P53, JAKT pathway mutations (rare)

Myoepithelioma

EWSR7 fusion
FUS fusion (rare)

Poroma, porocarcinoma

YAP7 and NUTM7 fusions
PAK1/2/3 fusions (porocarcinoma); PAK2-fusions (poromas)
Additional 7P53, RB7, CDKN2A mutations in porocarcinoma (rare)

NUT (adnexal) carcinoma

BRD3 or NSD3 fusions with NUTM1 or NUTMZ2B

Secretory carcinoma

ETV6::NTRK3 fusion
NFIX::PKN17 fusion (rare)

Signet-ring cell/histiocytoid carcinoma

PIK3CA, CDH17 mutations (rare)

Syringocystadenoma papilliferum, tubular
adenoma

BRAF p.V600E mutation
HRAS, KRAS mutations (rare)

Hair follicular tumours

Adamantinoid trichoblastoma (Lymphadenoma)

EGFR, PIK3CA, FGFR3 mutations

Trichoblastoma (including trichoepitheloma)

CTNNB1, HRAS, PTCHT mutations

Trichilemmoma

HRAS mutations

Trichogerminoma

FOXK1::GRHL and GPS2.:GRHL fusions (rare)

Trichoblastic carcinoma/carcinosarcoma

TP53, CDKN2A, TERT-p, CTNNBT mutations (rare)

Proliferating trichilemmal tumour

TP53, PI3KCA mutations (rare)

Pilomatricoma and pilomatrical carcinoma

CTNNBT mutations
CDX2, LEF-1 mutations (rare)

Sebaceous tumours

Sebaceous carcinoma

P53, PIK3CA, NOTCH17, TP53, ZNF750, RB1, FAT3, KMT2D, PCDH75 mutations

Sebaceous adenoma and sebaceoma

HRAS, KRAS, TP53, CDKN2A, EGFR, CTNNBT mutations (rare)

Nevus sebaceus

HRAS, KRAS, NRAS mutations

Note: The significance of these alterations and their role in the aetiology and prognosis should be established in future studies.

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Figure 4. NUT carcinoma. Characteristic features with the presence
of small round ducts and foci of abrupt keratinization in a BRD3::
NUTM1 rearranged NUT adnexal carcinoma (Haematoxylin Phlox-
yne Saffron stain).

of ducts and keratinous cystic structures (Figure 4).
They harbour BRD3 or NSD3 gene fusions with a
partner from the NUT family (NUTM1 or NUTM2B).
An extracutaneous metastasis and primary YAPI1::
NUTM]1 rearranged poroma or porocarcinoma should
be excluded (Figure 4) [41,42].

Trichodiscoma and fibrofolliculoma have been
added as appendageal tumours in this volume,
whereas only spindle-cell predominant trichodiscoma
was covered in the previous 4th edition.

TUMOURS OF HAEMATOPOIETIC AND LYMPHOID
ORIGIN

In the 5th Edition, among histiocytic and dendritic
disorders, mature plasmacytoid dendritic cell prolifer-
ation associated with a myeloid neoplasm (Figure 5)
and ALK-positive histiocytosis (Figure 6) are described

e n"&&_%:@’
Figure 5. Mature plasmacytoid dendritic cell proliferation associ-
ated with myeloid neoplasm. Aggregates of plasmacytoid dendritic

cells with irregular nuclear contours, associated with some apopto-
tic cells (H&E).

Figure 6. ALK-positive histiocytosis involving skin. A poorly cir-
cumscribed dermal infiltrate of histiocytes is observed (H&E).

for the first time. The recent correlation of disease
relapse with BRAF V600E mutation in Langerhans
histiocytosis provides important prognostic and poten-
tially therapeutic information for this disorder.
Another new entity mentioned is the group of inborn
error of immunity (IEI)-associated T-cell lymphoproli-
ferative disorders, which includes in particular cuta-
neous CD8+ T-cell rich (and histiocyte rich)
infiltrates associated with inborn immunodeficiencies
not linked to Epstein—Barr virus (EBV) infection. The
characteristics of these new entities are summarized
in Table 2. The terminology of some entities has
changed in this edition. In Skin5, the term ‘indeter-
minate dendritic cell (IDC) tumour’ replaces the previ-
ous term ‘IDC histiocytosis/tumour’ of the 4th
Edition, since it is now established as a clonal prolifer-
ation [1,43]. Reactive T- and B-cell rich lymphoid
proliferations that may be triggered by various causa-
tive factors are covered in Skin5 [44]; they were pre-
viously termed ‘pseudolymphoma’ in the 3rd edition
and not included in the 4th edition. Because of con-
sistent indolent behaviour, primary cutaneous acral
CD8-positive T-cell lymphoproliferative disorder has
now been downgraded from lymphoma status to a
lymphoproliferative disorder [1,45-46].

TUMOURS OF THE NAIL UNIT

This is a new chapter dedicated to nail bed epithelial
tumours, since epithelial tumours in this anatomic
site were not covered in the previous edition. It
includes the following entities:

Onychomatricoma is a benign matrical fibroepithe-
lial proliferation usually arising in the nail matrix

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Figure 7. Onychocytic matricoma. Acanthosis of the matrical epi-
thelium and whorls of epithelium with differentiation towards ony-
chocytes, characterizing the acanthotic subtype (H&E).

[50]. The nail plate may be thickened, with loculated
serum and haemorrhage, and adjacent interdigitating
epithelium.

Onychopapilloma, on the other hand, is a benign
epithelial proliferation originating in the distal nail
matrix [51] with hyperplastic nail bed and matrical
metaplasia. Subungual haemorrhage and distal
hyperkeratosis, with multinucleate nail bed keratino-
cytes, may be observed.

Ungual fibrokeratoma is a benign fibrokeratotic
lesion of the nail plate occurring in the periungual
areas [52]. Multiple ungual fibrokeratomas occur in
tuberous sclerosis and in this clinical context are
termed ‘Koenen tumours'. It displays a fibrovascular
core and epidermal hyperplasia, hyperkeratosis and a
sausage-shaped appearance at low power view, with
serum present at the distal pole of the specimen.

Onychocytic matricoma is a benign nail plate-
producing tumour that usually presents as longitudi-
nal pachymelanonychia [53] (Figure 7). For the diag-
nosis, the nail plate should be thickened in some area
of the tumour, with hyperplasia (in some form) of the
matrix epithelium and there is no dermal component.
Desirable diagnostic criteria include whorls of epithe-
lium differentiating into onychocytes, papillomatous
projections of the epithelium, or an expanded kerato-
genous zone depending on subtype.

Subungual keratoacanthoma is a rapidly growing
squamoproliferative tumour of the nail bed that may
be histopathologically indistinguishable from squa-
mous cell carcinoma without clinical information and
ancillary studies (see keratoacanthoma above) [54].
Subungual tumours of incontinentia pigmenti repre-
sent a subset. They are nodular or nodulocystic
lesions consisting of a lobular to cystic proliferation of
eosinophilic keratinocytes, with many dyskeratotic

Figure 8. NTRK-rearranged spindle-cell neoplasm. Superficial
tumour with TPR::NTRK1 fusion resembling lipofibromatosis
(H&E).

keratinocytes present, forming clusters, with associ-
ated hyperkeratosis. Calcification of individual kerati-
nocytes and corneocytes may be seen.

Acral naevus and melanoma are covered in the
dedicated chapter for melanocytic tumours.

SOFT TISSUE TUMOURS

The Skin5 includes four new soft tissue tumour enti-
ties: EWSR1::SMAD3 rearranged fibroblastic tumour;
NTRK-rearranged spindle-cell neoplasm (Figure 8);
superficial CD34-positive fibroblastic tumour (also
known as PRDMI10-rearranged soft tissue tumour);
and CRTCI::TRIMI11 cutaneous tumour (Figure 9).
Their main characteristics are summarized in Table 3.
The last, specific to the skin, has not previously been
described in the WCT5 of Soft Tissue and Bone
tumours. With regard to changes in the terminology,
‘atypical intradermal smooth muscle neoplasm’ is
now the preferred term to be used in place of ‘cutane-
ous’ leiomyosarcoma, now restricted to deeply located
tumours. In addition, epithelioid fibrous histiocytoma
has been removed from the section of fibroblastic,
myofibroblastic and fibrohistiocytic tumours as in the
4th Edition and reclassified as a tumour of uncertain
differentiation. The vascular tumours section has
been reorganised with distinct subsections for heman-
giomas, other benign vascular tumours, intermediate
vascular neoplasms and malignant vascular
sarcomas.

Myofibroma and myofibromatosis were covered
under Fibroblastic, myofibroblastic and fibrohistiocytic
tumours in the 4th edition and are included under
Pericytic and perivascular tumours in Skin5. Further-
more, myxofibrosarcoma is now classified under

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Figure 9. (A) CRTCI1::TRIM11 cutaneous tumour. A well-circumscribed, non-encapsulated dermal, spindle-cell tumour. (B) CRTC1::TRIM11
cutaneous tumour. Cells have pale, vacuolated cytoplasm and vesicular chromatin with central, variably prominent nucleoli (H&E).

Fibroblastic, myofibroblastic and fibrohistiocytic neo-
plasms, in alignment with the 5th edition of the
WHO Classification of Soft tissue and bone tumours
[60], based on likely fibroblastic/myofibroblastic dif-
ferentiation due to smooth muscle actin expression
on immunohistochemical analysis. Previously, it was
considered a tumour of uncertain differentiation.

METASTASES TO SKIN

This newly introduced chapter represents an align-
ment with the other volumes of WCT5 aiming to cat-
egorize tumours that frequently metastasize to the
related organs. It comprises metastases to skin and
cancer of unknown primary site (CUP).

Metastases to skin are malignancies involving
mainly the dermis and the subcutaneous tissue and
rarely the epidermis. They are usually epithelial, mel-
anocytic or mesenchymal in origin. They may occur
as either isolated or multiple lesions, sometimes in

preferential sites (such as chest, abdomen or scalp)
and may rarely be the first symptom of the malig-
nancy. The most frequent primary cancers are breast
cancer in women and melanoma in men [61]. Cuta-
neous metastases most often resemble their primary,
and the differential diagnosis includes primary cuta-
neous lesions, desmoplastic lesions such as dermatofi-
broma, or primary cutaneous melanoma in the
presence of an intraepidermal spread. Immunohisto-
chemistry and molecular analyses may be useful to
identify the origin of the tumour [62]. Recently,
immunohistochemistry ~work-up recommendations
have been published [63].

CUP may occur in the skin, although other organs
are more frequently involved, such as the liver, lung,
lymph nodes, brain and bones, with adenocarcinoma
being the most common tumour type [64]. CUP is
confirmed when a disseminated malignancy is diag-
nosed and a primary site is not identified despite a
standardized and comprehensive diagnostic work-up.

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Many algorithms can be used to determine, if possi-
ble, the origin of the metastasis, utilizing testing
panels of immunohistochemical markers. If available,
molecular investigation may be performed, including
Microsatellite Instability/Mismatch Repair Deficiency
(MSI/MRD), and tumour mutational burden (TMB)
analysis, to enable targeted therapy and potentially
support the use of PD1 and PDL1 inhibitors in case of
MSI-high/MRD and TMB-high cancers [65]. However,
no superiority of ‘site-specific’ therapy based on gene
expression profiling over standard empiric chemother-
apy has been demonstrated so far [66]. In the major-
ity of cases, CUP is associated with a poor prognosis.

GENETIC TUMOUR SYNDROMES ASSOCIATED WITH
SKIN MALIGNANCIES

This chapter, previously entitled ‘Inherited tumour
syndromes involving the skin’ in the 4th edition, has
been renamed, as above, in alignment with the other
volumes of the 5th edition. The subject matter is
unchanged [1] with the exception of a new section
on Brookle-Spiegler, an inherited autosomal dominant
disease characterized by multiple cutaneous spirade-
nomas, cylindromas, spiradenocylindromas and tri-
choepitheliomas and related syndromes including
multiple  familial trichoepitheliomas. Malignant
tumours in this setting are rare. Hence, this addi-
tional section completes the panel of the most com-
mon genetic tumour syndromes involving skin
tumours.

Conclusion

Skin5 has comprehensively reviewed the latest pub-
lished evidence to offer a most up-to-date understand-
ing of cutaneous tumours. This edition expands on
the previous one by encompassing a wider spectrum
of entities, with advances in molecular genetics
enabling the identification of new tumour types. As
the integration of an ever-increasing number of
molecularly defined tumours into future classifications
presents ongoing challenges, WCT remains dedicated
to ensuring worldwide access to essential diagnostic
criteria for cancer.

Author contributions

Gabrielle Goldman-Lévy and Raymond Barnhill: these
two authors contributed equally in the manuscript as
first co-authors. All the other co-authors revised, edi-
ted and approved the final article.

Acknowledgements

The authors acknowledge the International Agency
for Research on Cancer (IARC) staff, IARC editorial
board and authors, who have directly and indirectly
contributed to the WHO Skin5 edition and other 5th
edition WHO volumes, on whose behalf this paper
has been prepared.

Funding information

This work hasn'’t received any specific grant from any
funding agency in the public, commercial or not-for-
profit sectors.

Conflict of interests

The authors have no conflicts of interest to declare.

Disclaimer

The content of this article represents the personal
views of the authors and does not represent the views
of the authors’ employers and associated institutions.
Where authors are identified as personnel of the
International Agency for Research on Cancer / World
Health Organization, the authors alone are responsi-
ble for the views expressed in this article and they do
not necessarily represent the decisions, policy or
views of the International Agency for Research on
Cancer/World Health Organization.

References

1. WHO Classification of Skin Tumours. Editorial Board. 5th edi-
tion, 12. Internet: beta version ahead of print. Lyon (France);
International Agency for Research on Cancer; 2023. https://
tumourclassification.iarc.who.int/chapters/64.

2. Elder D, Massi D, Scolyer R, Willemze R eds. WHO classification
of skin tumours. Vol. 11. 4th ed. Lyon (France): International
Agency for Research on Cancer, 2018 2018.

3. Reed RJ. Actinic keratoacanthoma. Arch. Dermatol. 1972; 106;
858-864.

4. Hodak E, Jones RE, Ackerman AB. Solitary keratoacanthoma is
a squamous-cell carcinoma: Three examples with metastases.
Am. ]. Dermatopathol. 1993; 15; 332-342.

5. Selmer J, Skov T, Spelman L, Weedon D. Squamous cell carci-
noma and keratoacanthomas are biologically distinct and can
be diagnosed by light microscopy: A review. Histopathology
2016; 69; 535-541.

6. Carr RA, Mesiano D, Heffron C et al. Aberrant p16, p53 and
Ki-67 immunohistochemistry staining patterns can distinguish
solitary keratoacanthoma from cutaneous squamous cell carci-
noma. Pathology 2023; 55; 772-784.

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology


https://tumourclassification.iarc.who.int/chapters/64
https://tumourclassification.iarc.who.int/chapters/64

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

WHO classification of skin tumours: key updates in the fifth edition 13

. Bahmad HF, Stoyanov K, Mendez T et al. Keratoacanthoma

versus squamous-cell carcinoma: Histopathological features
and molecular markers. Dermatopathology 2024; 11; 272-285.

. Harms PW, Runge M, Chan MP et al. Squamoid eccrine ductal

carcinoma displays ultraviolet mutations and intermediate
gene expression relative to squamous cell carcinoma, microcys-
tic adnexal carcinoma, and Porocarcinoma. Mod. Pathol. 2024;
37; 100592.

. Svoboda SA, Rush PS, Garofola CJ, Grider DJ, Prickett KA, Phi-

lips MA. Squamoid Eccrine Ductal Carcinoma. Cutis 2021;
107; E5-E9.

Bastian BC. The molecular pathology of melanoma: An inte-
grated taxonomy of melanocytic neoplasia. Annu. Rev. Pathol.
2014; 9; 239-271.

Elder DE, Bastian BC, Cree IA, Massi D, Scolyer RA. The 2018
World Health Organization classification of cutaneous, muco-
sal, and uveal melanoma: Detailed analysis of 9 distinct sub-
types defined by their evolutionary pathway. Arch. Pathol. Lab
Med. 2020; 144; 500-522.

Elder D, Barnhill R, Bastian B eds. Melanocytomas. In WHO
classification of tumours. Skin tumours. WHO classification of
tumours series. Vol. 12. 5th ed. Lyon (France): International
Agency for Research on Cancer, forthcoming. https://
publications.iarc.fr.

Zembowicz A, Scolyer RA. Nevus/Melanocytoma/melanoma:
An emerging paradigm for classification of melanocytic neo-
plasms? Arch. Pathol. Lab Med. 2011; 135; 300-306.

Barnhill RL, Elder DE, Piepkorn MW et al. Revision of the mel-
anocytic pathology assessment tool and hierarchy for diagnosis
classification schema for melanocytic lesions: A consensus
statement. JAMA Netw. Open 2023; 6; e2250613.

Yeh I, Lang UE, Durieux E et al. Combined activation of MAP
kinase pathway and B-catenin signaling cause deep penetrat-
ing nevi. Nat. Commun. 2017; 8; 644.

de la Fouchardiere A, Caillot C, Jacquemus ] et al. B-Catenin
nuclear expression discriminates deep penetrating nevi from
other cutaneous melanocytic tumors. Virchows Arch. 2019;
474; 539-550.

Ebbelaar CF, Schrader AMR, van Dijk M et al. Towards diag-
nostic criteria for malignant deep penetrating melanocytic
tumors using single nucleotide polymorphism array and
next-generation sequencing. Mod. Pathol. 2022; 35; 1110-
1120.

Cosgarea I, Griewank KG, Ungureanu L, Tamayo A, Siepmann
T. Deep penetrating nevus and borderline-deep penetrating
nevus: A literature review. Front. Oncol. 2020; 20; 837.
Sekoranja D, Vergot K, Hawlina G, Pizem J. Combined deep
penetrating nevi of the conjunctiva are relatively common
lesions characterised by BRAFV60OE mutation and activation
of the beta catenin pathway: A clinicopathological analysis of
34 lesions. Br. J. Ophthalmol. 2020; 104; 1016-1021.
Zembowicz A, Carney JA, Mihm MC. Pigmented epithelioid
melanocytoma: A low-grade melanocytic tumor with meta-
static potential indistinguishable from animal-type melanoma
and epithelioid blue nevus. Am. J. Surg. Pathol. 2004; 28; 31—
40.

Zembowicz A, Knoepp SM, Bei T et al. Loss of expression of
protein kinase a regulatory subunit lalpha in pigmented epi-
thelioid melanocytoma but not in melanoma or other melano-
cytic lesions. Am. J. Surg. Pathol. 2007; 31; 1764-1775.

de la Fouchardiere A, Tirode F, Castillo C et al. Attempting to
solve the pigmented epithelioid Melanocytoma (PEM) conun-
drum: PRKARIA inactivation can occur in different genetic

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

backgrounds (common, blue, and Spitz subgroups) with varia-
tion in their clinicopathologic characteristics. Am. ]. Surg.
Pathol. 2022; 46; 1106-1115.

Spatz A, Calonje E, Handfield-Jones S, Barnhill RL. Spitz
tumors in children: A grading system for risk stratification.
Arch. Dermatol. 1999; 135; 282-285.

Wiesner T, Murali R, Fried I et al. A distinct subset of atypical
Spitz tumors is characterized by BRAF mutation and loss of
BAP1 expression. Am. J. Surg. Pathol. 2012; 36; 818-830.

. de la Fouchardiere A, Pissaloux D, Tirode F, Karanian M,

Fletcher CDM, Hanna J. Clear cell tumor with melanocytic dif-
ferentiation and ACTIN-MITF translocation: Report of 7 cases
of a novel entity. Am. J. Surg. Pathol. 2021; 45; 962-968.

de la Fouchardiere A, Pissaloux D, Tirode F, Karanian M,
Fletcher CD, Hanna J. Clear cell tumor with melanocytic differ-
entiation and MITF-CREM translocation: A novel entity similar
to clear cell sarcoma. Virchows Arch. 2021; 479; 841-846.
Barnhill RL, Cerroni L, Cook M et al. State of the art, nomen-
clature, and points of consensus and controversy concerning
benign melanocytic lesions: Outcome of an international work-
shop. Adv. Anat. Pathol. 2010; 17; 73-90.

Barnhill RL, Argenyi Z, Berwick M et al. Atypical cellular blue
nevi (cellular blue nevi with atypical features): Lack of consen-
sus for diagnosis and distinction from cellular blue nevi and
malignant melanoma (“malignant blue nevus”). Am. J. Surg.
Pathol. 2008; 32; 36—44.

Hung T, Argenyi Z, Erickson L et al. Cellular blue nevomelano-
cytic lesions: Analysis of clinical, histological, and outcome
data in 37 cases. Am. J. Dermatopathol. 2016; 38; 499-503.
Bastian BC, Xiong ], Frieden IJ et al. Genetic changes in neo-
plasms arising in congenital melanocytic nevi: Differences
between nodular proliferations and melanomas. Am. J. Pathol.
2002; 161; 1163-1169.

Barnhill RL, Lugassy C. Angiotropic malignant melanoma and
extravascular migratory metastasis: Description of 36 cases
with emphasis on a new mechanism of tumour spread. Pathol-
ogy 2004; 36; 485-490.

Bald T, Quast T, Landsberg ] et al. Ultraviolet-radiation-
induced inflammation promotes angiotropism and metastasis
in melanoma. Nature 2014; 507(7490); 109-113. Epub 2014
Feb 26.

Lugassy C, Kleinman HK, Vermeulen PB, Barnhill RL. Angio-
tropism, pericytic mimicry and extravascular migratory metas-
tasis: an embryogenesis-derived program of tumor spread.
Angiogenesis 2020; 23(1); 27—41. Epub 2019 Nov 12.
Namubiru P, Dalleywater W, Lashin S, Elsheikh S. Can angio-
tropism and lymphovascular invasion refine the current cuta-
neous melanoma staging system? | Cutan Pathol 2024; 51(4);
288-298. Epub 2023 Dec 15.

. Van Es SL, Colman M, Thompson JF, McCarthy SW, Scolyer

RA. Angiotropism is an independent predictor of local recur-
rence and in-transit metastasis in primary cutaneous mela-
noma. Am | Surg Pathol 2008; 32(9); 1396-1403.

Barnhill R, van Laere S, Vermeulen P et al. LICAM and lami-
nin vascular network: Association with the high-risk replace-
ment histopathologic growth pattern in uveal melanoma liver
metastases. Lab. Investig. 2022; 102; 1214-1224.

Latacz E, Hoppener D, Bohlok A et al. Histopathological growth
patterns of liver metastasis: Updated consensus guidelines for
pattern scoring, perspectives and recent mechanistic insights.
Br. J. Cancer 2022; 127; 988-1013.

Barnhill R, Vermeulen P, Daelemans S et al. Replacement and
desmoplastic histopathological growth patterns: A pilot study

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology


https://publications.iarc.fr
https://publications.iarc.fr

14 G Goldman-Lévy et al.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

of prediction of outcome in patients with uveal melanoma liver
metastases. J. Pathol. Clin. Res. 2018; 4; 227-240.

Barnhill R, van Dam PJ, Vermeulen P et al. Replacement and
desmoplastic histopathological growth patterns in cutaneous
melanoma liver metastases: Frequency, characteristics, and
robust prognostic value. J. Pathol. Clin. Res. 2020; 6; 195—
206.

Mariani P, Piperno-Neumann S, Servois V et al. Surgical man-
agement of liver metastases from uveal melanoma: 16 years’
experience at the Institut curie. Eur. J. Surg. Oncol. 2009; 35;
1192-1197.

Rubio Gonzalez B, Ortiz MV, Ross DS, Busam KJ. Skin adnexal
carcinoma with BRD3-NUTM2B fusion. J. Cutan. Pathol. 2021;
48; 1508-1513.

Nishimura Y, Ryo E, Yamazaki N, Yatabe Y, Mori T. Cutane-
ous primary NUT carcinoma with BRD3-NUTM1 fusion. Am. J.
Surg. Pathol. 2021; 45; 1582-1584.

Horna P, Shao H, Idrees A, Glass LF, Torres-Cabala CA. Inde-
terminate dendritic cell neoplasm of the skin: A 2-case report
and review of the literature. J. Cutan. Pathol. 2017; 44; 958—
963.

Mitteldorf C, Kempf W. Cutaneous pseudolymphoma-a review
on the spectrum and a proposal for a new classification. J.
Cutan. Pathol. 2020; 47; 76-97.

Kempf W, Petrella T, Willemze R et al. Clinical, histopathologi-
cal and prognostic features of primary cutaneous acral CD8+
T-cell lymphoma and other dermal CD8+ cutaneous lympho-
proliferations: Results of an EORTC cutaneous lymphoma
group workshop. Br. J. Dermatol. 2022; 186; 887-897.
Petrella T, Maubec E, Cornillet-Lefebvre P et al. Indolent
CD8-positive lymphoid proliferation of the ear: A distinct pri-
mary cutaneous T-cell lymphoma? Am. J. Surg. Pathol. 2007;
31; 1887-1892.

Xiao W, Chan A, Waarts MR et al. Plasmacytoid dendritic cell
expansion defines a distinct subset of RUNX1-mutated acute
myeloid leukemia. Blood 2021; 137; 1377-1391.

Chang KTE, Tay AZE, Kuick CH et al. ALK-positive histiocyto-
sis: An expanded clinicopathologic spectrum and frequent
presence of KIF5B-ALK fusion. Mod. Pathol. 2019; 32; 598—
608.

Gammon B, Robson A, Deonizio J, Arkin L, Guitart J. CD8(+)
granulomatous cutaneous T-cell lymphoma: A potential associ-
ation with immunodeficiency. . Am. Acad. Dermatol. 2014; 71;
555-560.

Baran R, Kint A. Onychomatrixoma. Filamentous tufted
tumour in the matrix of a funnel-shaped nail: A new entity
(report of three cases). Br. ]. Dermatol. 1992; 126; 510-515.
Tosti A, Schneider SL, Ramirez-Quizon MN, Zaiac M, Miteva
M. Clinical, dermoscopic, and pathologic features of onychopa-
pilloma: A review of 47 cases. J. Am. Acad. Dermatol. 2016;
74; 521-526.

52.

53.

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

. Michal M, Berry RS, Rubin BP et al

Kint A, Baran R, De Keyser H. Acquired (digital) fibrokera-
toma. J. Am. Acad. Dermatol. 1985; 12; 816-821.

Perrin C, Cannata GE, Bossard C, Grill JM, Ambrossetti D,
Michiels JF. Onychocytic matricoma presenting as pachymela-
nonychia longitudinal. A new entity (report of five cases). Am.
J. Dermatopathol. 2012; 34; 54-59.

Stoll DM, Ackerman AB. Subungual keratoacanthoma. Am. J.
Dermatopathol. 1980; 2; 265-271.

EWSR1-SMAD3-
rearranged fibroblastic tumor: An emerging entity in an
increasingly more complex Group of Fibroblastic/Myofibroblas-
tic neoplasms. Am. J. Surg. Pathol. 2018; 42; 1325-1333.
Agaram NP, Zhang L, Sung YS et al. Recurrent NTRK1 gene
fusions define a novel subset of locally aggressive
Lipofibromatosis-like neural tumors. Am. J. Surg. Pathol. 2016;
40; 1407-1416.

Carter JM, Weiss SW, Linos K, DiCaudo DJ, Folpe AL. Superfi-
cial CD34-positive fibroblastic tumor: Report of 18 cases of a
distinctive low-grade mesenchymal neoplasm of intermediate
(borderline) malignancy. Mod. Pathol. 2014; 27; 294-302.
Cellier L, Perron E, Pissaloux D et al. Cutaneous Melanocytoma
with CRTC1-TRIM11 fusion: Report of 5 cases resembling
clear cell sarcoma. Am. J. Surg. Pathol. 2018; 42; 382—-391.
Hanna J, Ko JS, Billings SD et al. Cutaneous melanocytic tumor
with CRTC1::TRIM11 translocation: An emerging entity ana-
lyzed in a series of 41 cases. Am. J. Surg. Pathol. 2022; 46;
1457-1466.

WHO Classification of Tumours Editorial Board. Soft tissue and
bone tumours. WHO classification of tumours series. 5th ed. Lyon
(France): International Agency for Research on Cancer, 2020.
https://publications.iarc.fr/588.

Strickley JD, Bennett Jenson A, Yeon Jung J. Cutaneous metas-
tasis. Hematol. Oncol. Clin. North Am. 2019; 33; 173-197.
Kolling S, Ventre F, Geuna E. Metastatic cancer of unknown
“primary” or “primary metastatic cancer”? Front. Oncol. 2020;
17; 1546.

Pauli C, Bochtler T, Mileshkin L et al. A challenging task: Iden-
tifying patients with cancer of unknown primary (CUP)
according to ESMO guidelines: The CUPISCO trial experience.
Oncologist 2021; 26; e769-e779.

Pavlidis N, Pentheroudakis G. Cancer of unknown primary
site. Lancet 2012; 379; 1428-1435.

Marcus L, Lemery SJ, Keegan P, Pazdur R. FDA approval sum-
mary: Pembrolizumab for the treatment of microsatellite
instability-high solid tumors. Clin. Cancer Res. 2019; 25;
3753-3758.

Hayashi H, Kurata T, Takiguchi Y. Randomized phase II trial
comparing site-specific treatment based on gene expression
profiling with carboplatin and paclitaxel for patients with can-
cer of unknown primary site. J. Clin. Oncol. 2019; 37; 570-
579.

© 2025 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology


https://publications.iarc.fr/588

	Outline placeholder
	 Introduction
	 Keratinocytic/Epidermal Tumours
	 Melanocytic Tumours
	 Appendageal Tumours
	 Tumours of Haematopoietic and Lymphoid Origin
	 Tumours of the Nail Unit
	 Soft Tissue Tumours
	 Metastases to Skin
	 Genetic Tumour Syndromes Associated with Skin Malignancies

	 Conclusion
	 Author contributions
	 Acknowledgements
	 Funding information
	 Conflict of interests
	 Disclaimer
	 References


