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Abstract

Our understanding of adipocytic tumors classification and diagnosis continues to evolve. We present a brief review and
updated summary of selected adipocytic tumors involving the head and neck region. For the practicing pathologist, knowl-
edge of these established and emerging entities is critical for the correct pathologic diagnosis and treatment of the patient.
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Atypical spindle cell lipomatous tumor

Spindle Cell/Pleomorphic Lipoma

Although spindle cell lipoma and pleomorphic lipoma were
originally described as two separate entities [1, 2], these
lesions represent a spectrum of the same entity, given the
considerable overlap in clinical, morphologic, immunophe-
notypic, and genetic features. In several previous studies,
spindle cell/pleomorphic lipomas were also included within
a group called “atypical lipoma” [3]. However, this term
could cause significant confusion with a completely unre-
lated group of adipocytic tumors, such as atypical lipoma-
tous tumor/well-differentiated liposarcoma (ALT/WDL).

Spindle cell/pleomorphic lipoma typically presents as a
solitary, painless subcutaneous mass located in the upper
back or the posterior aspect of the neck. The salivary gland,
oral cavity, orbit, face and maxillofacial region are rare,
but well-documented sites [4—6]. Found predominantly in
males (the male-to-female ratio is 10:1), the peak incidence
is between the fourth and the fifth decade. Very rarely, these
lesions are multiple and some, even less frequently, famil-
ial [7]. Spindle cell and pleomorphic lipomas are entirely
benign that rarely recur. Excision is curative.
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The size of the tumors ranges between 3—5 cm, although
larger lesions (up to 14 cm) are not uncommon [3]. Grossly,
spindle cell/pleomorphic lipomas resemble ordinary lipo-
mas. The cut surface varies from yellow to white—gray and
myxoid, depending on the proportion of adipocytic, spindle/
pleomorphic cell and myxoid stromal components. Micro-
scopically, the classic spindle lipoma is composed of a
mixture of spindle cells and mature adipocytes (Fig. 1a, b).
These spindle cells are uniform and have a single elongated
nucleus with bipolar cytoplasm. They tend to be arranged in
short parallel bundles or fascicles (“school of fish” appear-
ance), but may have a prominent nuclear palisading or ran-
dom distribution. The cellularity is extremely variable and
mast cells are usually prominent. The stroma consists of a
fibromyxoid matrix mixed with variable amounts of brightly
eosinophilic, ropy collagen fibers. Secondary changes of fat
necrosis or perivascular hyalinization can be seen. In addi-
tion to the histologic features of spindle cell lipoma, pleo-
morphic lipoma is characterized by the presence of scat-
tered, hyperchromatic pleomorphic cells and bizarre giant
cells that frequently have a concentric floret-like arrange-
ment (Fig. 1c). Lipoblasts can be seen, but mitoses are
exceptional. Rarely, myxoid stroma can be prominent result-
ing in angiectoid spaces with a pseudoangiomatous growth
pattern (Fig. 1d). Cases with mixed features of spindle cell
and pleomorphic lipoma are frequent, and the distinction
between these two benign lesions is somewhat arbitrary. In
some cases mature adipocytes form a distinct minority of
the cellular constituens, so-called “low-fat” and “fat-free”
spindle cell lipomas [8].
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Fig. 1 Spindle cell lipoma is composed of a proliferation of adipo-
cytes and bland spindle cells with characteristic ropey collagens (a,
b). Scattered mast cells are also frequent. Pleomorphic lipomas also

Immunohistochemically, the lesional cells in spindle cell
and pleomorphic lipoma are positive for CD34 and negative
for actins and desmin. Although S-100 protein highlights
mature adipocytes, the constituent spindle and pleomorphic
cells are negative for this marker. Molecular genetic studies
support the notion that spindle cell and pleomorphic lipomas
are closely related; the loss of chromosomes 13q (13q12
and 13q14-q22) and/or 16q (16q13-qter) is characteristic of
this family of lipomas [9, 10]. Interestingly, this same gene
deletion is also present in mammary-type myofibroblastoma,
cellular angiofibromas, and superficial acral fibromyxomas
[11-13]. RBI1 (retinoblastoma protein) immunohistochemi-
cal expression is usually lost in these entities, and this
marker may be a valuable adjunct diagnostic tool [14].

@ Springer

contain floret-like multinucleated giant cells (c). Extensive myxoid
stromal change with pseudoangiomatous pattern (d)

Spindle cell and pleomorphic lipomas have various his-
tologic patterns and the differential diagnosis can be broad.
Morphologically, spindle cell lipoma closely resembles (lipo-
matous) solitary fibrous tumor, which is easily excluded by
lack of STAT®6 protein expression. Myxoid stromal change
may lead to differential diagnosis with myxoid liposarcoma.
However, the typical plexiform vascular network is lacking in
spindle cell lipoma. Additional molecular analysis for DDIT3
and/or FUS rearrangement can be helpful in difficult cases.
Due to cytologic atypia, pleomorphic lipoma may be con-
fused with pleomorphic sarcomas (including pleomorphic
liposarcomas). Pleomorphic lipoma, however, is generally
less cellular, and mitotic figures are rare in comparison to
pleomorphic sarcomas. While the clinical presentation may
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be sufficiently characteristic to assist in the diagnosis, spin-
dle cell/pleomorphic lipoma may be difficult to distinguish
from ALT/WDL based soley on morphologic features. The
characteristic ropey collagens of spindle cell/pleomorphic
lipoma are a very useful diagnostic feature, as this collagen
pattern is typically absent in ALT/WDL. Moreover, spindle
cell/pleomorphic lipoma lacks MDM?2 amplification and pro-
tein overexpression. In small biopsy specimens, spindle cell
lipoma may also mimic dermatofibrosarcoma protuberans.
However, dermatofibrosarcoma protuberans tends to occur
in younger patients and forms a nodule or ill-defined dermal
plaque that extends into subcutis with a characteristic honey-
comb pattern. An additional important differential diagnosis
is benign peripheral nerve sheath tumors, such as neurofi-
broma and schwannoma, which may be identified by positive
S100 protein and SOX10 expression.

Liposarcoma

Despite being one of the most common soft tissue sarcomas,
liposarcoma rarely involves the head and neck region; larynx
and hypopharynx are the most common sites, followed by
the neck [15, 16]. Recent advances in the molecular genetic
characterization of soft tissue tumors have led to the classifi-
cation of liposarcoma into three main subtypes: ALT/WDL,
myxoid liposarcoma, and pleomorphic liposarcoma [17].

ALT is the preferred designation for the ALT/WDL spec-
trum when it occurs in the extremities or superficial loca-
tions. However, a recent study found that those tumors aris-
ing in the head and neck show high rates of adverse events,
suggesting that classification as WDL rather than ALT is
more appropriate [18]. The term dedifferentiated liposar-
coma (DDL) describes a (usually) high-grade non-lipogenic
sarcoma occurring in association with an ALT/WDL. ALT/
WDL is characterized by a 30 to 50% risk of local recur-
rence but is incapable of metastasis unless dedifferentiation
occurs [17]. In general, the anatomic location (superficial
vs. deep) is the most important prognostic factor and the key
predictor of relapse [17]. Complete surgical excision with
negative margins is the treatment choice of ALT/WDL. The
metastatic rate of DDL ranges from 15 to 30%. However, it
generally exhibits a better prognosis than do most high-grade
pleomorphic sarcomas [19]. If possible, DDL is treated by
wide surgical resection with or without adjuvant radiation
therapy and/or chemotherapy. Several novel agents, includ-
ing MDM2 and CDK4 inhibitors, are being tested in various
clinical trials [20, 21].

Grossly, ALT/WDL are typically multilobular and
appear well-circumscribed. Three main microscopic vari-
ants (lipoma-like, sclerosing, and inflammatory) have been
described, but the subtypes are not prognostically different.
Lipoma-like WDL is composed of adipocytes of varying
sizes and shapes, atypical hyperchromatic cells, and rare

lipoblasts (Fig. 2a). Lipoblasts may be entirely absent and
their identification is not required for diagnosis. Mitotic
figures are rare. Sclerosing WDL often shows scattered
hyperchromatic pleomorphic and floret-like cells within
wide bands and sheets of collagen (Fig. 2b). The presence
of dense chronic inflammatory infiltrate with lymphoid fol-
licles can obscure the adipocytic nature of the tumor in the
inflammatory type (Fig. 2c). DDL are usually large, and the
cut surface typically reveals a distinct firm nodule in the
context of adipose tissue. The transition from ALT/WDL
to DDL is usually abrupt. Rarely, the two components are
intermingled and may show gradual transition [3]. Morpho-
logically, dedifferentiated areas are most often composed of
non-lipogenic, high-grade undifferentiated pleomorphic and/
or spindle cells arranged in sheets and fascicles (Fig. 2d).
Less commonly, DDL with “low-grade dedifferentiation”
exhibit relatively uniform fibroblast-like spindle cells with
mild cytologic atypia and minimal mitotic activity, mim-
icking fibromatosis or low-grade fibromyxoid sarcoma [3].
Heterologous differentiation toward leiomyosarcoma, rhab-
domyosarcoma, and/or osteosarcoma occurs in about 5 to
10% of cases [22, 23]. Meningothelial-like whorls (often
associated with metaplastic bone formation) have also been
documented [24, 25]. Rarely, DDL contain pleomorphic
lipoblasts within the dedifferentiated component (so-called
“homologous dedifferentiation”) [26, 27]. Cytogenetically,
ALT/WDL and DDL demonstrate giant ring and long marker
chromosomes containing an amplified sequence of chromo-
some 12 region 12q13-15, detectable by fluorescence in situ
hybridization (FISH) for genes, such as MDM?2, CDK4, and
CPM [17] (Fig. 3a). Expression of MDM2 and CDK4 immu-
nohistochemistry may play a diagnostic role (Fig. 3b, c),
although caution is needed as both these markers can be
positive in histiocytes, which may be prominent in areas of
fat necrosis [28, 29]. A subset of DDL can also show nuclear
expression of STAT6, which could be a diagnostic pitfall
[30]. DDL variably express CD34, actins, and desmin.
Myzxoid liposarcoma represents the second most common
liposarcoma subtype, accounting for 30 to 35% of all lipo-
sarcomas [3]. Myxoid and round cell liposarcoma are low
and high-grade forms of the same neoplasm. Therefore, the
most recent WHO classification eliminated the “round cell”
terminology [17]. Clinically, myxoid liposarcoma occurs
in the lower limbs, particularly the thigh. Previous studies
have also demonstrated that it rarely develops in the head
and neck region [15, 16]. The highest prevalence is between
the third and fifth decades of life, and it affects both sexes
equally. Most patients complain of a slow-growing, painless
soft tissue mass. While the prognosis is related to grade,
which, in turn, is based on the fraction of round cell com-
ponent, myxoid liposarcoma tends to recur repeatedly and
to metastasize to both bone and soft tissue sites, including
the retroperitoneum. The fraction of high-grade round cell

@ Springer



Head and Neck Pathology (2020) 14:1-11

Fig.2 Lipoma-like WDL is composed mature adipose tissue and
hyperchromatic pleomorphic cells, which is most often seen in the
fibrous stroma (a). Sclerosing WDL shows fibrillary or sclerotic
collagenous stroma containing similar scattered atypical cells (b).

component should be documented in all specimens, although
this can be difficult in small core biopsies. The mainstay of
treatment is wide surgical resection with or without adjuvant
therapy (radiotherapy, chemotherapy, or both). Clinical trials
have demonstrated that two agents, trabectedin and eribulin,
are extremely effective in the treatment of advanced myxoid
liposarcoma [31].

Myxoid liposarcomas are usually multinodular and may
appear encapsulated. The cut surface varies from gelati-
nous to tan-white with hemorrhagic areas. Microscopically,
low-grade myxoid liposarcomas are composed of uniform,
round to oval, spindle cell proliferation, and small lipoblasts
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Inflammatory WDL displays a prominent chronic inflammatory infil-
trate (¢). DDL can have a variety of morphologic appearances. High-
grade DDL with the appearance of undifferentiated pleomorphic sar-
coma (d)

(usually univacuolated), accompanied by abundant myxoid
background and the presence of a thin-walled, capillary-
sized vascular network, organized in a distinctive plexiform
pattern (Fig. 4a). Prominent nucleoli and mitotic figures
are not typically present. Tumors rarely exhibit extensive
adipocytic differentiation (differentiated myxoid liposar-
coma) (Fig. 4b) [32]. In high-grade myxoid liposarcoma
(round cell liposarcoma), the characteristic myxoid matrix
and plexiform capillary networks are diminished by tightly
packed tumor cells showing increased nuclear size, frequent
mitotic activity, and nuclear overlapping (Fig. 4d). Immu-
nohistochemically, myxoid liposarcoma often demonstrates
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Fig.3 MDM?2 amplification (red signal) compared with centromere
reference probe (green signal) in DDL demonstrated by fluorescence
in situ hybridization (a). Immunohistochemical stain for MDM2

S-100 protein expression, similar to other adipocytic tumors.
Nearly all low and high-grade myxoid liposarcomas con-
tain a specific t(12;16) or t(12;22), resulting in fusion of
FUS-DDIT3 or EWSRI-DDIT3, respectively, supporting a
molecular basis for morphologic continuum of tumor pro-
gression [17]. Molecular testing is not always necessary for
diagnosis, but can be helpful to differentiate low-grade myx-
oid liposarcoma from lipoblastoma (showing PLAGI gene
aberrations or, very rarely, HMGA2 gene rearrangement [33,
34]) and in the diagnosis of high grade myxoid liposarcoma
when the characteristic vasculature and myxoid stroma is
less apparent. Molecular testing may also be necessary with
small biopsies.

Pleomorphic liposarcoma is the least common variant of
liposarcoma (< 15% of all liposarcomas [3]). It appears in
adulthood and typically occurs in the deep soft tissues of
the limbs. Approximately 25% of the cases develop in the

selectively highlights the lesional tumor cells (nuclear staining) in
DDL with prominent inflammation (b, c)

skin or the subcutaneous tissue [35]. There are only a small
number of reports of pleomorphic liposarcoma in the head
and neck region [15, 16]. By definition, it is a high-grade,
pleomorphic sarcoma with at least focal lipogenic differenti-
ation. Tumors are typically treated by wide surgical resection
with or without adjuvant radiation therapy or chemotherapy.
The metastatic rate is between 30 and 50%, and the overall
mortality rate ranges from 40 to 50%; adverse prognostic
factors include central location, origin in deep soft tissue,
and large size [36, 37]. Cutaneous and superficial pleomor-
phic liposarcomas have a favorable prognosis [35].
Microscopically, pleomorphic liposarcoma is character-
ized by the presence of areas resembling undifferentiated
pleomorphic sarcoma with univacuolated and/or multivacu-
olated lipoblasts (Fig. 5a, b). It shows an infiltrative growth
pattern at the periphery. The mitotic index is usually high
and areas of necrosis may be found. Some examples also
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Fig.4 Low-grade myxoid liposarcoma is composed of relatively uni-
form, round to oval cells and small lipoblasts embedded in a promi-
nent myxoid stroma with a delicate arborizing capillary vascularture
(a). Myxoid liposarcoma with extensive adipocytic differentiation

show prominent epithelioid morphology (epithelioid vari-
ant) [38] or myxoid stromal changes. In general, immuno-
histochemistry may have a limited role in the diagnosis of
pleomorphic liposarcoma. Lipogenic areas are often immu-
noreactive for S-100 protein, and the background pleomor-
phic neoplastic cells may show variable expression of actins,
desmin, CD34, and CD68. In the epithelioid variant, the
tumor cells are frequently positive for keratins and Melan-A
[37]. Both MDM2 and CDK4 are characteristically negative
in pleomorphic liposarcomas, which is diagnostically helpful
in separating them from WDL/DDL. There are no consistent
or specific cytogenetic abnormalities within this subgroup
of liposarcoma [39], and they display complex karyotypes
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(differentiated myxoid liposarcoma) (b). Myxoid matrix showing

characteristic pulmonary edema-like pattern (c). High-grade myx-
oid liposarcoma also contains areas of primitive round cells in solid
sheets (d)

similar to other high-grade pleomorphic sarcomas. More
recent NGS-based analyses have shown the presence of
TP53 (17%) and NF1 (8%) mutations [39, 40]. Molecular
characteristics of liposarcoma subtypes are summarized in
Table 1.

Recently Described Adipocytic Tumors
Anisometric Cell Lipoma (Dysplastic Lipoma)
In 2015, subcutaneous minimally atypical lipomatous

tumor with various fat cell size was first described by
Evans [41]. In that seminal report, he reported 13 cases of
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Fig.5 Histopathologic features of pleomorphic liposarcoma showing sheets of high-grade undifferentiated pleomorphic tumor cells (a). Pleo-

morphic lipoblasts are a defining feature (b)

Table 1 Key genetic alterations in liposarcoma subtypes

Tumor type Cytogenetic alterations

Associated genes

Atypical lipomatous tumor/well-differenti-
ated liposarcoma

Dedifferentiated liposarcoma

Myxoid liposarcoma t(12;16)(q13;p11)
(12;22)(q13;q12)

Pleomorphic liposarcoma

Ring or giant marker chromosomes (12q13-15)

Ring or giant marker chromosomes (12q13-15)

Complex karyotypic alterations

Amplification of MDM?2, CDK4,
HMGA?2, YEATS4, FRS2, PTPRQ,
DDIT3 and others

Amplification of MDM?2, CDK4,
HMGA2, YEATS4, FRS2, PTPRQ,
DDIT3 and others

FUS-DDIT3
EWSRI-DDIT3

Modification of TP53, NF1, and RBI

a peculiar subcutaneous adipocytic lesion (predominantly
located in the head and neck region) that were often misdi-
agnosed as ALT/WDL. Evans subsequently used the term
“anisometric cell lipoma” to avoid confusion with other
lipomatous tumors [42]. More recently, Michal et al. high-
lighted its additional immunohistochemical and genetic
features and coined the term “dysplastic lipoma” [43].
Clinically, anisometric cell lipoma develops in middle-
aged adults with a strong male predilection. The tumor
typically presents as a subcutaneous mass on the posterior
neck, upper back, or shoulders. However, involvement of
the breast, axilla, and genital areas has also been reported
[42, 43]. The majority of cases are solitary, but approxi-
mately 20% are multifocal [42, 43]. Rare cases have been
reported in patients with a known history of retinoblas-
toma [42, 43]. The clinical course is typically benign and
there is no documented dedifferentiation. Given that local

recurrences have been observed, complete surgical exci-
sion is generally recommended.

These tumors are often well-circumscribed and show a
lobulated cut surface. The median size is approximately
5 cm, but cases exceeding 10 cm have been reported [43].
Microscopically, anisometric cell lipomas demonstrate a
constellation of distinct morphologic features, including
highly variable adipocyte size and shape, frequent micro-
scopic foci of fat necrosis, minimal nuclear atypia, and
Lochkern change (Fig. 6a—c). Enlarged hyperchromatic
stromal cells and thickened fibrous septa, as seen in ALT/
WDL, are absent. Immunohistochemistry often shows a dif-
fuse loss of RB1 nuclear expression in the adipocytic cell
nuclei, correlating with RBI gene deletion. Occasional cells
with nuclear atypia are positive for p53 (Fig. 6d), but there
was no evidence of TP53 mutations in the previously tested
cases [43]. The tumor cells are negative for both MDM?2
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Fig.6 Anisometric cell lipoma (dysplastic lipoma). The tumor demonstrates significant adipocytic variation with minimal cytologic atypia (a),
Lochkern change (b), and areas of mild fat necrosis and histiocytic cells (¢). Occasional atypical adipocytic nuclei with p53 expression (d)

and CDK4 protein overexpression and gene amplifica-
tion, although weak focal MDM?2 or CDK4-positive his-
tiocytic cells may be present, particularly in areas of fat
necrosis (Table 2).

Atypical Spindle Cell/Pleomorphic Lipomatous Tumor

According to the last WHO Classification of Tumours of
Soft Tissue and Bone of 2013, spindle cell liposarcoma is
merely a variant of well-differentiated liposarcoma [17].
However, this concept has undergone significant change
over the past few decades, and it remains a controversial
designation that encompasses tumors showing various mor-
phologic features. More recently, Marino-Enriquez et al.
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and Creytens et al. coined the term “atypical spindle cell/
pleomorphic lipomatous tumor” to describe a large series
of atypical low-grade adipocytic neoplasms without MDM?2
amplification, characterized by atypical spindle/pleomorphic
cells, frequent lipoblasts, and an infiltrative growth pattern
[44, 45].

Atypical spindle cell/pleomorphic lipomatous tumors
occur primarily in middle-aged adults, but can occur at
any age. Lesions show a predilection for the extremities,
mainly distal, and present in both subcutis and subfascial
tissue [44-46]. Less common locations are the head and
neck, trunk, and genital areas. Rare cases occur in the body
cavities and viscera [44]. Approximately 15% of cases recur
locally, but they have virtually no capacity for metastasis or
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Fig.7 Atypical spindle cell lipomatous tumor presents as a large deep soft tissue. The tumor is composed of scattered adipocytes and mildly
atypical spindle cells in a myxoid stroma (a). It often exhinits an infiltrative growth pattern (b)

dedifferentiation [44—46]. Complete surgical resection is the
therapy of choice.

Grossly, atypical spindle cell/pleomorphic lipomatous
tumors are unencapsulated, solitary nodular masses of
variable size, 0.5 to 28 cm (mean, 5 cm). Microscopically,
tumors are composed of various proportions of spindle cells,
pleomorphic (multinucleated) cells, adipocytes, lipoblasts,
and a collagenous to myxoid stroma (Fig. 7a, b). Cytologic
atypia is often conspicuous within the lesional cells; in
some areas, the lipoblasts have “bizarre” nuclei with vari-
ous cytoplasmic vacuolization. Mitotic figures can be seen,
but necrosis is absent. Within the adipocytic component,
there is greater variability in adipocyte size. By immunohis-
tochemistry, the lesional cells express CD34 and may also

Table 2 Recently described adipocytic tumors

exhibit S-100 protein and desmin expression. Notably, loss
of RB1 nuclear expression is seen in approximately 50-70%
of cases. Although focal and weak MDM?2 or CDK4 protein
overexpression may be observed, the tumor cells are consist-
ently negative for MDM2/CDK4 amplification. Cytogeneti-
cally, the majority have been shown to contain the presence
of 13q14 deletions, including RBI and its flanking genes
RCBTB2, DLEUI, and ITM2B, suggesting a potential rela-
tionship with conventional spindle cell/pleomorphic lipoma
[44]. Monosomy 7 also has been documented in some cases
[47] (Table 2).

Clinical features

Morphologic features

Immunophenotype Genetic abnormality

Adults; M > F; subcutis or
superficial soft tissue; often
posterior neck and upper
trunk

Anisometric cell
lipoma (dys-
plastic lipoma)

Mature adipocytes with
significant variation in size
and shape, accompanied by
frequent microscopic foci

Loss of RB1 expression
(complete or partial), +p53

Heterozygous RBI deletion

of fat necrosis, minimal
nuclear atypia, and Lochk-

ern change

Atypical spindle  Adults; M > F; superficial or

Various proportions of

Deletions/losses of 13q14
(RBI, RCBTB2, ITM2B,
and DLEUI), monosomy 7

+CD34 (majority), loss of
RBI1 (about 50%), +S-100
(variable), +desmin (vari-

cell/pleomor- deep soft tissue; extremities  spindle cells, pleomorphic
phic lipomatous ~ (mainly distal) and limb (multinucleated) cells, adi-
tumor girdles, but can involve any pocytes, and/or lipoblasts able)

part of the body (including
body cavities and viscera)
borders

with collagenous to myxoid
stoma and infiltrative
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