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A b s t r a c t  This review summarizes the clinicopathologi- 
cal features of recently characterized variants of lipoma- 
tous tumours of soft tissue, attempts to deal with some 
difficult conceptual issues relating to adipocytic neo- 
plasms and aims to provide an update on cytogenetic as- 
pects of fatty tumours. Myolipoma is a rare benign neo- 
plasm, occurring most frequently in adults in the deep 
soft tissue of the abdomen or retroperitoneum, and is 
composed of irregularly admixed mature adipose and 
smooth muscle tissues. Chondroid lipoma represents an 
unusual benign lesion occurring mainly in adult females 
subcutaneously or in deep soft tissue; it is easily mistak- 
en for myxoid liposarcoma or extraskeletal myxoid 
chondrosarcoma. Spindle-cell liposarcoma is a variant of 
well-differentiated liposarcoma quite commonly found in 
subcutaneous tissue of the shoulder region and upper 
limbs and is composed of relatively bland-appearing 
spindle cells mixed with a well-differentiated liposarco- 
matous component. Recently there has been considerable 
debate about classification of lipomatous tumours. The 
term atypical lipoma was proposed for a group of well- 
differentiated non-metastasizing liposarcomas arising in 
surgically amenable soft tissues and for deep-seated 
atypical adipocytic neoplasms that show variation in ad- 
ipocyt ic  size and atypical stromal cells but lack lipo- 
blasts. However, these neoplasms recur repeatedly and 
may dedifferentiate and thereby acquire metastatic po- 
tential. We use the diagnosis atypical lipoma with cau- 
tion and propose to use the terms well-differentiated li- 
posarcoma and atypical lipoma interchangeably. The re- 
lationship between myxoid and round-cell liposarcoma, 
which constitutes the morphological spectrum of a single 
entity, has been clarified but there remain considerable 
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problems in defining likely clinical behaviour. The re- 
cent advances in cytogenetic characterization and classi- 
fication of lipomatous tmnours, which is already proving 
to be of diagnostic importance, are reviewed, and the ge- 
netic importance of the distinct chromosomal transloca- 
tion in myxoid/round cell liposarcoma is briefly dis- 
cussed. 

K ey  w o r d s  Adipose tissue • Class i f icat ion • L ipoma - 
Liposarcoma - Atypical lipoma • Cytogenetic 

Introduction 

Lipomatous tumours are the most common soft tissue tu- 
mours and form part of the daily practice of every surgi- 
cal pathologist. With rare exceptions they may occur at 
any age and at almost any anatomical location. Although 
typical lipoma and liposarcoma are straightforward diag- 
noses, over the last few years several distinct variants of 
benign and malignant lipomatous tumours have been de- 
scribed, which may cause diagnostic problems. Their 
recognition is important to avoid diagnostic pitfalls and 
inappropriate therapy. The diagnosis of well-differentiat- 
ed liposarcoma has become a subject of considerable de- 
bate because of a proposed change in nomenclature. It 
has been realised in large studies with long follow-up in- 
formation that pure well-differentiated liposarcoma never 
metastasizes and therefore the term atypical lipoma has 
been proposed [2, 17, 29]. Lesions fulfilling the diagnos- 
tic criteria for atypical lipoma may dedifferentiate if they 
recur repeatedly [56], and dedifferentiation may occur 
ra, rely also in subcutaneous tissues [36J. A further con- 
ceptual problem is the relationship between myxoid and 
round cell liposarcoma because of overlapping clinico- 
pathological features and shared cytogenetic abnormali- 
ties. The spectrum of clinical behaviour in such lesions is 
wide and reliable prognostication may be difficult. 

In order to provide an update on the group of adipocy- 
tic tumours of soft tissues, we review recently described 
entities and variants (see also Table 1), discuss controver- 
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Table 1 Updated classification of lipomatous tumours of soft 
tissue 

Benign tumours 
Subcutaneous lipoma (solitary/multiple) 
Deep lipoma 

- Intramuscular lipoma 
- Intermuscular lipoma 
- Synovial lipoma (lipoma arborescens) 
- Neural fibrolipoma (fibrolipomatous hamartoma of nerve) 

Lipoblastoma/lipoblastomatosis 
Angiolipoma 

- Cellular angiolipoma 
Myolipoma 
Chondroid lipoma 
Extrarenal angiomyolipoma 
Extraadrenal myelolipoma 
Spindle cell/pleomorphic lipoma 

- Pseudoangiomatous variant 
Hibernoma 
Lipomatosis 

- Diffuse lipomatosis 
- Cervical symmetrical lipomatosis 
- Pelvic lipomatosis 

Malignant turnouts 
Well-differentiated liposarcoma (atypical lipoma) 

- Adipocytic (lipoma-like) liposarcoma 
- Sclerosing liposarcoma 
- Inflammatory liposarcoma 
- Spindle-cell liposarcoma 
- Dedifferentiated liposarcoma 

Myxoid/round cell liposarcoma 
Pleomorphic liposarcoma 

sies in classification and review recent advances in cyto- 
genetic studies and their molecular correlation which are 
of help in the diagnosis and classification of lipomatous 
lesions and bring new insight into tumour biology. 

Recently described entities 

Myolipoma 

Clinical features 

Myolipoma (or lipoleiomyoma [48]) is a recently de- 
scribed, rare neoplasm occurring in adults, most com- 
monly in the abdomen, retroperitoneum and the abdomi- 
nal wall, and only rarely arising in subcutaneous tissue 
[37]. Although myolipoma can reach a considerable size 
(the median size of all 10 reported cases is 17 cm in 
greatest diameter), these lesions often are found only in- 
cidentally because of their deep location. None of the le- 
sions with follow-up information has recurred or metas- 
tasized. 

Morphological findings 

Grossly, the lesions are completely or partially encapsu- 
lated with glistening, myxoid, or yellow-white cut sur- 

Fig. 1 Myolipoma. Note the even admixture of smooth muscle 
and fat cells. HE, x63 

faces. Histologically, myolipoma is composed of an ir- 
regular admixture of mature adipocytic tissue and bun- 
dles and sheets of well-differentiated smooth muscle in 
varying proportions (Fig. 1). Both components are en- 
tirely mature and cytologically bland without nuclear 
atypia (Fig. 2). Small blood vessels are variably promi- 
nent and scattered inflammatory cells may be seen, 
whereas necrosis, cystic change or haemorrhage, and in- 
creased mitotic activity are absent. Immunohistochemis- 
try positivity for smooth muscle actin and desmin in 
most cases and electron microscopy in one case con- 
firmed the coexistence of smooth muscle and adipocytic 
differentiation. 

The existence of a dual-lineage tumour consisting of 
smooth muscle and adipocytic elements is of interest, 
since clonal chromosomal aberrations in lipomas and 
leiomyomas involve similar regions of chromosome 12 
[21] (see below). 

Myolipoma is a distinct entity that appears to follow a 
benign clinical course despite its frequently large size 
and deep location. The regular distribution of adipose 
tissue throughout the lesion distinguishes myolipoma 
from leiomyoma with degenerative fatty change, the lack 
of thick-walled blood vessels and infiltrating borders as 
well as the immunonegativity of the smooth muscle corn- 
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Fig. 2 Myolipoma. The constituent cells are cytologically bland Fig. 3 Chondroid lipoma. Note the admixture of adipocytic and 
and well-differentiated. HE, x250 vacuolated cells in a myxohyaline matrix. HE, x63 

ponent for HMB-45 argue against angiomyolipoma, and 
the bland cytomorphology of both components helps in 
distinction from liposarcomatous/atypical lipomatous le- 
sions associated with a smooth muscle component [15]. 
Spindle-cell lipoma does not contain a smooth muscle 
component and is found mainly subcutaneously on the 
lower neck or upper back [ 11, 20]. Although it may seem 
somewhat arbitrary to separate myolipoma from the het- 
erogeneous group of lesions referred to in the past as be- 
nign mesenchymomas, the precise recognition of myoli- 
poma is important, especially in deep-seated, large le- 
sions, to prevent confusion with liposarcoma with heter- 
ologous elements (see below). 

Chondroid lipoma 

Clinical features 

Chondroid lipoma is a rare benign fatty tumour, with no 
reported recurrences or metastases, which is very easily 
mistaken for myxoid liposarcoma or extraskeletal myx- 
oid chondrosarcoma. It affects mainly adult females, and 
is found subcutaneously or in deeper soft tissues in the 
limbs and limb girdles, the trunk, and the head and neck 

region [38]. The median size of all reported lesions to 
date is 4 cm. 

Morphological findings 

Chondroid lipoma presents as a well-demarcated, often- 
encapsulated mass with a rubbery, yellow cut surface. 
Histologically, these lobulated tumours are composed of 
an admixture of mature adipocytes, eosinophilic and vac- 
uolated cells, which contain glycogen and fat droplets, 
set in a myxohyaline matrix that has a somewhat carti- 
laginous appearance (Fig. 3). Frequently the eosinophilic 
and vacuolated tumour cells are arranged in sheets, clus- 
ters and cords and contain irregular, hyperchromatic nu- 
clei with inconspicuous nucleoli; some of the vacuolated 
cells are indistinguishable from lipoblasts (Fig. 4). Most 
lesions show prominent vascularization, varying from 
thick-walled to thin-walled blood vessels or cavernous 
vascular spaces. A plexiform pattern of delicate small 
vessels is absent. 

Whereas reactive and degenerative changes such as 
haemorrhage, haemosiderin deposition, and hyalinization 
are frequently seen, cellular pleomorphism and increased 
mitotic activity are absent. Immunohistochemically, tu- 
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Fig. 4 Chondroid lipoma. Some of the vacuolated cells are identi- 
cal to lipoblasts, while other smaller cells resemble chondroblasts. 
HE, x250 

Fig. 5 Spindle-cell liposarcoma. The lesion is composed of vari- 
ously sized adipocytes and spindle-cell areas. HE, x63 

mour cells stain positively for vimentin and S-100 pro- 
tein, and focal staining for CD68 in the vacuolated tu- 
mour cells has been noted [38]. 

Chondroid lipoma has to be distinguished from soft 
tissue chondroma and is easily mistaken for sarcoma, es- 
pecially myxoid liposarcoma and extraskeletal myxoid 
chondrosarcoma. 

Although some years ago a similar lesion was de- 
scribed as extraskeletal chondroma with lipoblast-like 
cells [5], it is more likely that it represents a chondroid 
lipoma. Soft tissue chondroma occurs in the hands and 
feet and often contains multinucleated giant cells along 
with variably cellular hyaline cartilage. The multivacuo- 
lated cells can be indistinguishable from true lipoblasts, 
and the areas of myxoid/chondroid matrix surrounding 
strands of multivacuolated hibernoma-like cells may re- 
semble myxoid liposarcoma as well as myxoid chondro- 
sarcoma. However, the overall architecture of chondroid 
lipoma, and the lack of plexiform vascularity and rela- 
tively uniform lipoblasts distinguish chondroid lipoma 
from myxoid liposarcoma. Extraskeletal myxoid chon- 
drosarcoma shows distinct lobulation with peripheral tu- 
mour cell accumulation, and the characteristic cells are 
uniformly round or oval; multi-vacuolated forms are ab- 
sent. 

Spindle-cell liposarcoma 

Clinical features 

Spindle-cell liposarcoma is a recently described, uncom- 
mon variant of well-differehtiated liposarcoma [10], 
which occurs in adults and is located quite frequently in 
subcutaneous tissue, often around the shoulder girdle or 
upper limbs. Despite location in subcutaneous tissue and 
well-differentiated morphology, three out of six cases re- 
ported in the original series recurred locally, and in one 
case dedifferentiation occurred, followed by systemic 
metastases and death of the patient. Subsequent personal 
unpublished experience has revealed an increasing num- 
ber of cases in deeper soft tissue of the limbs, abdomen 
and neck, comparable to other types of well-differentiat- 
ed liposarcoma. 

Morphological findings 

Grossly, the tumours are firm in consistency with pale 
cut surfaces, often containing gelatinous-appearing loci. 
The lesions show varying cellularity and are composed 
histologically of relatively bland spindle cells arranged 
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Fig. 6 Spindle-cell liposarcoma. The spindle cells have tapering, 
somewhat hyperchromatic nuclei. Note the lipoblast (top). HE, 
×250 

Fig. 7 Spindle cell liposarcoma. In the Iipomatous areas, note 
variation in cell size and the atypical nuclei in both adipocytes and 
stromal cells. HE, xl00 

in short fascicles or whorls or sometimes in a storiform 
fashion, and a well-differentiated liposarcomatous com- 
ponent (Fig. 5). The fusiform cells have poorly demar- 
cated, palely eosinophilic cytoplasm and hyperchromatic 
nuclei (Fig. 6). Nuclear atypia in the spindle-cell compo- 
nent is only mild, and mitoses are scarce. Myxoid 
change and hyalinization of the intercellular matrix and a 
patternless capillary network are quite often seen. The 
adipocytic component shows striking variation in cell 
size and shape, hyperchromatic and atypical adipocytic 
nuclei and scattered lipoblasts, as well as atypical stro- 
mal cells (Fig. 7). Whereas the adipocytic component of- 
ten stains positively for S-100 protein, the spindle cells 
are negative but demonstrate immunopositivity for vi- 
mentin. Single cells may be positive for CD34 and des- 
min in some cases. 

The main differential diagnoses of spindle~cell Iipo- 
sarcoma include spindle-cell lipoma (characterized by 
bland, sometimes palisaded spindle cells and brightly eo- 
sinophilic refractile collagen bundles), neurofibroma 
(less cellular, no mitoses, wavy bland nuclei, minimal 
nuclear pleomorphism, and S-100 positive), dermatofi- 
brosarcoma protuberans (distinctive storiform growth 
pattern and honeycomb pattern of infiltration, no lipo- 
blasts, diffusely CD34 positive), well-differentiated scle- 

rosing liposarcoma (less cellular, dense fibrillary colla- 
gen, bizane stromal cells), and low-grade MPNST (typi- 
cally comma-shaped nuclei, perivascular tumour cell 
condensation, no lipoblasts, more consistent S-t00 posi- 
tivity). The adipocytic component in spindle-cell liposar- 
coma helps in distinction from low-grade myxofibrosar- 
coma and low-grade fibromyxoid sarcoma as described 
by Evans [t6]. Spindle-cell liposarcoma is a distinctive 
entity and appears quite different from the poorly de- 
fined, so-called fibroblastic liposarcoma [19]. 

Conceptual problems in classification of liposarcoma 

Liposarcoma is the single most common soft tissue sar- 
coma, accounting for 20% of cases [31]. Peak age inci- 
dence is between the 5th and 7th decades in the case of 
well-differentiated and pleomorphic liposarcoma and ap- 
proximately 10-15 years sooner for myxoid/round cell 
liposarcoma [12, 28]. Liposarcoma is exceedingly rare in 
children under 10 years of age, with only four well-docu- 
mented cases in the English literature [40]. Because of 
striking differences in clinical and morphological fea- 
tures, supported by cytogenetic studies, as well as differ- 
ent prognosis, classification of liposarcoma into subtypes 
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is necessary. Enzinger and Winslow [12] described four 
main subtypes, well-differentiated, myxoid, round-cell, 
and pleomorphic liposarcoma, and in the new WHO 
classification dedifferentiated liposarcoma, a fifth sub- 
type, is added [55]. It seems, however (and cytogenetic 
studies support this), that liposarcoma occurs in three 
principal forms: 

1. Well-differentiated liposarcoma with adipocytic (lipo- 
ma-like), sclerosing, spindle-cell, inflammatory, and de- 
differentiated variants. 
2. Myxoid liposarcoma, which forms a continuous spec- 
trum with the round cell type. 
3. Pleomorphic liposarcoma. 

It is rare for combined types to be found. 

The atypical lipoma controversy 

Well-differentiated liposarcoma occurs with approxi- 
mately equal frequency in the limbs and retroperitone- 
urn. Grossly, well-differentiated liposarcoma tends to be 
well-circumscribed and lobulated with lipoma-like, and 
often firmer, yellow-grey areas on the cut surface. Histo- 
logically, well-differentiated liposarcoma is seen mainly 
in its adipocytic (lipoma-like) form and less often in its 
sclerosing form, which is commonest in the retroperito- 
neum and spermatic cord. Adipocytic (lipoma-like) lipo- 
sarcoma is composed of mature-appearing adipocytes 
showing considerable variation in cell size and, at least 
focally, atypical, hyperchromatic nuclei. The latter are 
most frequently seen within the fibrous stroma, which 
occasionally contains bizarre, multinucleated stromal 
cells; bizarre cells may also be seen in perivascular fi- 
brous tissue or in vessel walls. Typical lipoblasts are 
sometimes hard to find or completely absent; they can be 

seen most frequently around the fibrous septa, mainly in 
multivacuolated forms. Occasionally, metaplastic bone 
[28], cartilage, or smooth muscle differentiation within 
well-differentiated liposarcoma [15] are noted. Well-dif- 
ferentiated sclerosing liposarcoma is characterized by 
dense fibrillary collagen containing characteristically bi- 
zarre, often multinucleated, hyperchromatic stromal cells 
and infrequent lipoblasts. 

Dedifferentiated liposarcoma, delineated as an entity by 
Evans [14], is defined by its abrupt transition from well- 
differentiated liposarcoma, either adipocytic, sclerosing, or 
spindle-cell type, to high-grade, non-lipogenic sarcoma 
(Fig. 8). This phenomenon occurs more often de novo than 
in recurrent well-differentiated liposarcoma [27, 36]. De- 
differentiated liposarcoma is most frequently seen in the 
retroperitoneum; however, the anatomical distribution is 
wide, and it also occurs in deep soft tissues of the extremi- 
ties and occasionally in subcutaneous tissue [10, 36]. The 
dedifferentiated component histologically most often re- 
sembles storiform "MFH", pleomorphic "MFH", myxofi- 
brosarcoma or myxoid embryonal rhabdomyosarcoma. Re- 
cently, the occurrence of heterologous elements in the de- 
differentiated component, such as rhabdo- and leiomyosar- 
comatous, as well as osteo-and angiosarcomatous, ele- 
ments has been reported [18, 52]. In rare instances a micro- 
nodular pattern of dedifferentiation may occur, raising im- 
portant questions about the pathogenetic and molecular ge- 
netic mechanisms underlying this process [36]. 

Contrary to popular belief and despite the pleomor- 
phic pattern in dedifferentiated areas, dedifferentiated li- 
posarcoma has a better prognosis than other pleomorphic 
sarcomas, since less than 25% of de novo dedifferentiat- 
ed liposarcomas have metastasized [14, 25, 27, 36]. If 
dedifferentiated tiposarcoma occurs in the retroperitone- 
um it may kill the patient by local destructive growth 
rather than by distant metastases, as is also the case with 

Fig. 8 Dedifferentiated liposarcoma. Note the transition from 
well-differentiated lipogenic turnout to high-grade spindle-cell 
sarcoma. HE, x63 

Fig. 9 Atypical lipoma. Note the bizarre stromal cells in the fi- 
brous septa and the variously-sized adipocytes. HE, ×100 



well-differentiated liposarcomas at this location. It seems 
that the extent of dedifferentiation in these lesions does 
not affect the prognosis significantly [27]. The observa- 
tion that dedifferentiated liposarcomas may show an en- 
tirely well-differentiated appearance in subsequent recur- 
rence adds support to the classification of these lesions 
as a variant of well-differentiated liposarcoma. 

In recent years it has become obvious in clinicopatho- 
logical and prognostic studies that well-differentiated li- 
posarcoma in its histologically pure form does not metas- 
tasize and that wide excision of such lesions arising in 
surgically amenable soft tissue is almost always curative. 
It was Harry Evans and his group who first introduced the 
term 'atypical lipoma' as an alternative, more appropriate 
term for well-differentiated liposarcomas located subcuta- 
neously and inter- and intramuscularly in the extremities, 
because lesions of this kind were capable of local recur- 
rence, but did not behave in a locally destructive fashion 
or metastasize [17]. Other authors proposed that atypical 
lipoma could be characterized by univacuotated fat cells, 
varying in size and shape and with nuclear atypia and 
moderate pleomorphism but without lipoblasts, and that 
the term well-differentiated liposarcoma should be re- 
tained for adipocytic neoplasms containing atypical 
multivacuolated lipoblasts and for lipomatous tumours 
characterized by pronounced nuclear pleomorphism and 
containing numerous spindle-shaped cells and multinu- 
cleated cells [29]. Later the term atypical lipomas was 
also used for atypical adipocytic tumours arising in deep 
soft tissue, especially retroperitoneum, which showed 
considerable variation in adipocytic size and contained 
multinucleated or fusiform cells but lacked lipoblasts [14] 
(Fig. 9), and it was suggested that the term well-differen- 
tiated liposarcoma should be abandoned entirely. 

The designation of these tumours as atypical lipomas 
could emphasize a role for more conservative therapy; 
however, several comments are pertinent to an understand- 
ing of the true nature of these neoplasms. First, it is well 
known that these lesions often recur locally if not widely 
excised, regardless of their location [2, 12-14, 17, 28, 29], 
and that local recurrence increases the possibility of dedif- 
ferentiation and progression to a more aggressive neo- 
plasm capable of metastasis. It has been shown clearly 
that dedifferentiation in lipomatous lesions is a time-de- 
pendent phenomenon rather than a site-dependent phe- 
nomenon [5] and can also occur in the extremities and 
subcutaneously [36]. Secondly, it has to be emphasized 
that these lesions (like all mesenchymal neoplasms) 
should always be thoroughly sampled to exclude areas of 
any higher grade before recording the optimistic diagnosis 
of atypical lipoma. In day-to-day practice we use the 
terms interchangeably (well-differentiated liposarco- 
ma/atypical lipoma), depending on circumstances and on 
the degree of clinicopathological liaison with the sur- 
geons, because misinterpretation of the nature of these le- 
sions may lead to either excessive or inadequate treatment. 

In contrast, spindle-cell/pleomorphic lipomas [11, 20] 
are part of a spectrum of entirely benign lesions, which 
have to be distinguished from atypical lipoma. Most re- 
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Fig. 10 Myxoid and round cell liposarcoma. Note the transition to 
more cellular (high-grade) areas. HE, xl00 

cently published cytogenetic differences support the sep- 
aration of spindle-cell/pleomorphic lipoma from atypical 
lipoma [35]. They develop in mid- to adult life, show a 
striking male predominance and are found subcutaneous- 
ly, mainly on the lower neck or upper back. Spindle- 
cell/pleomorphic lipomas recur very rarely and never 
progress to lesions with metastatic potential. 

Myxoid/round-cell liposarcoma 

Myxoid and round-cell liposarcoma were classified in the 
past as two independent subtypes of liposarcoma; howev- 
er, it has long been stated that combined myxoid/round- 
cell lesions occur and that the two subtypes have clinically 
overlapping features [12, 28]. Again it was Harry Evans 
who proposed abandoning the term round-cell liposarco- 
ma and calling the entity instead myxoid liposarcoma with 
hypercellular zones [13, 14], and others subsequently 
agreed that round-cell liposarcoma is a high-grade malig- 
nant lesion in the morphological spectrum of myxoid lipo- 
sarcoma [2]. Since reports of ultrastructurally shared fea- 
tures [3], recent cytogenetic and molecular studies have 
lent further credence to the idea that myxoid and round- 
cell liposarcoma constitute one single defined tumour enti- 
ty characterized by a reciprocal (12;16) chromosome 
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Fig. 11 a, b Dedifferentiated myxoid liposarcoma. In some areas 
this tumour showed features of hypercellular myxoid liposarcoma 
(a) but, elsewhere it showed transition to non-lipogenic 'MFH- 
like' tumour (b). HE, a x250, b xl00 

translocation and show a continuous spectrum from pure 
myxoid liposarcoma (low-grade malignancy) to round-cell 
liposarcoma (high-grade malignancy) [30, 51]. Myx- 
oid/round-cell liposarcoma accounts for around 30-35% 
of all liposarcomas. With regard to anatomical location, 
however, it comprises the majority of liposarcomas arising 
in deep soft tissues of the extremities [4, 44]..A small pro- 
portion of myxoid/round-cell liposarcomas occurs in the- 
subcutaneous tissue of the extremities. 

Grossly, typical myxoid liposarcoma shows a glisten- 
ing cut surface. The occurrence of grey-white or grey- 
brown, and firmer areas or necrosis usually implies tran- 
sition to the more cellular, round-cell form. Histological- 
ly, myxoid liposarcoma is characterized by monomor- 
phic undifferentiated fusiform or stellate cells and main- 
ly small, univacuolated, signet-ring lipoblasts set in a 
myxoid matrix. These last often show a so-called pooling 
phenomenon by forming large spaces containing stromal 
mucin. A virtually constant and diagnostic finding is a 
prominent, delicate, plexiform meshwork of thin-walled 
capillaries. Mitotic figures are rare and often difficult to 
find, even in round-cell areas. 

Myxoid liposarcoma in its pure form is a low-grade li- 
posarcoma and does not metastasize per se. Of great 

prognostic importance therefore is the demonstration of 
more cellular areas in myxoid liposarcoma, composed of 
primitive round or oval cells with round, larger, and more 
hyperchromatic nuclei, often forming variably sized ag- 
gregates (Fig. 10). Although, even now, strict criteria de- 
fining the prognostic significance of the round cell extent 
in myxoid liposarcoma have not been established, we be- 
lieve that even tiny round cell areas should be reported 
and their potential importance mentioned. Lesions with 
10% or more round-cell areas should be graded as high- 
grade liposarcoma with a high metastatic risk. This grad- 
ual progression of myxoid to round-cell liposarcoma is 
the commonest form of tumour progression seen in myx- 
oid liposarcoma. However, we have also seen rare exam- 
ples of myxoid liposarcoma with areas of high-grade, 
non-lipogenic sarcoma, similar to dedifferentiation in 
well-differentiated liposarcoma (Fig. 11). Occasionally, 
myxoid/round cell liposarcoma may merge with areas re- 
sembling well-differentiated adipocytic or sclerosing li- 
posarcoma. Other histological variations include promi- 
nent hibernoma-like cells and scattered pleomorphic stro- 
mal cells. Rarely, cases of myxoid/round cell liposarcoma 
containing numerous large spindle cells were noted [28]. 

Cytogenetics of lipomatous tumours 

Benign and malignant lipomatous tumours have been 
studied extensively by cytogenetics in recent years, and 
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Table 2 Review of principal chromosomal aberrations in lipoma- 
tous tumours 

Subcutaneous lipoma 

Spindle-cell lipoma 
Lipoblastoma 
Hibernoma 
Atypical lipoma/ 
well differentiated 
liposarcoma 
Myxoid/round-cell 
liposarcoma 
Pleomorphic 
liposarcoma 

- Translocations involving 12q13-15 
- Interstitial deletions of 13q 
- Rearrangements involving 6p21-23 
- Rearrangements involving 1 p36.1-36.3 

Translocations involving 1 lql 3 
Loss of t6ql3-qter 

- Rearrangements involving 8ql 1-13 
Rearrangements involving 1 lq13,10q22 

- Ring chromosomes 
and long marker chromosomes 
from 12q13-15 

- t(12;16)(q13.3;pl 1.2) 

Complex rearrangements 

Spindle-cell/pleomorphic lipoma 

Spindle-cell/pleomorphic lipoma forms a spectrum of 
relatively uncommon, benign lesions that develop in 
middle to late adult life, predominantly in subcutaneous 
tissue on the neck, shoulder or upper back of mainly 
male patients [11, 20]. Histologically, spindle-cell/pleo- 
morphic lipoma sometimes may be confused with atypi- 
cal lipoma/well-differentiated liposarcoma. More recent- 
ly, consistent cytogenetic changes in both forms were 
noted, characterized by reproducible loss of long arm 
material from chromosome 16q [35]. None of the typical 
and atypical lipomas analysed demonstrated loss of chro- 
mosomel6q material. These results not only add support 
to the delineation of spindle-cell/pleomorphic lipoma as 
a discrete entity, but also distinguish these lesions from 
ordinary lipoma, and especially from atypical lipo- 
ma/well-differentiated liposarcoma. 

it has been shown that there are consistent chromosomal 
abnormalities in both benign and malignant lesions (for a 
review see Table 2). Characteristic structural rearrange- 
ments have been demonstrated and correlated with histo- 
logical subtypes. Additionally, some of the molecular 
changes resulting from such chromosomal rearrange- 
ments have been studied, yielding new insight into the 
biology of lipomatous lesions. 

Lipoma 

Lipomas have shown a wide range of chromosomal ab- 
normalities, supporting the idea that there are different 
genetic pathways for benign lipomatous proliferation. 
Whereas most if not all multiple lipomas (most likely an- 
giolipomas) are karyotypically normal [26, 34], in ap- 
proximately 50% of solitary subcutaneous lipomas clonal 
abnormalities have been noted. Translocations between 
chromosome 12 at bands q13-15, with various chromo- 
somes (chromosomes 1, 2, 3 and 21 being the commonest 
translocation partners) with different breakpoints report- 
ed, constitute the most frequent karyotypic aberrations in 
lipoma (affecting about 30% of all lipomas analysed) [26, 
32, 34, 49, 54]. The chromosome segment 12q13-15 is 
also involved in other different benign and malignant soft 
tissue tumours, including myxoid liposarcoma (see be- 
low). However, it has been clearly shown that the break- 
points in lipoma (12q15) and myxoid liposarcoma (12q 
13.3) are at different locations [42]. The main reproduc- 
ible cytogenetic changes in lipomas without rearrange- 
ment of chromosome 12 comprise abnormalities on chro- 
mosome 13 (interstitial deletion of 13q) [34, 49] in about 
13% of the cases, aberrations of chromosome 6 involving 
the 6p21-23 region in approximately 8% of the cases [34, 
45, 49], translocations involving chromosome 11 at band 
q13 [49], and the rearrangements of lp36.1-36.3 [34, 49]. 
Interestingly, complex chromosome changes have also 
been reported in a minor group of benign lipomas, which 
is puzzling in view of their benign nature [34, 49]. 

Lipoblastoma 

Lipoblastoma in its circumscribed or diffuse form (lipo- 
blastomatosis) is a rare benign tumour affecting almost- 
exclusively infants and young children, mainly before 
the age of 8 years [6, 40]. In its immature, more myxoid 
form, lipoblastoma/lipoblastomatosis can be strikingly 
similar to myxoid liposarcoma morphologically, and his- 
tological distinction may be arbitrary, especially if older 
children and adolescents are affected [40]..Most recently 
it has been shown that all lipoblastomas analysed share 
rearrangements of chromosome 8q11-13 but lack the 
characteristic 12;16 translocation seen in myxoid lipo- 
sarcoma [9, 21], which underlines the diagnostic role of 
cytogenetic analysis in these morphologically similar tu- 
mours with quite different biological potential. 

Hibernoma 

Hibernoma is a rare benign tumour of brown fat occur- 
ring most commonly in the interscapular region of 
adults. Although only a small number of cases have been 
studied cytogenetically to date, the described chromo- 
somal rearrangements included shared abnormalities af- 
fecting 1 lq13 and 10q22 in these tumours [39, 41]. 

Atypical lipoma/well-differentiated liposarcoma 

Atypical lipoma/well-differentiated liposarcoma (see 
earlier text) is strongly associated cytogenetically with 
ring chromosomes composed of the q13-q15 regions of 
chromosome 12, long marker chromosomes derived 
from the long arm of chromosome 12 and/or telomeric 
associations [8, 26, 51]. Whereas all atypical lipo- 
mas/well-differentiated liposarcomas with chromosome 
aberrations demonstrated ring chromosomes, these were 
also found in a minority of ordinary lipomas [34]; how- 
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ever, it is possible that these latter lesions could also re- 
present atypical lipomas, but with very subtle or unsam- 
pled areas of histological atypia. 

Demonstration of the same cytogenetic abnormalities 
in atypical lipomas without lipoblasts as in classical 
well-differentiated liposarcoma underlines the fact that 
these are essentially identical lesions (see above). 

Myxoid/round-cell liposarcoma 

Myxoid/round-cell liposarcoma provides a fascinating 
example of a constant and reproducible cytogenetic find- 
ing in soft tissue sarcomas, which brings new insight into 
the relationship between morphologically different enti- 
ties. Both forms, myxoid and round-cell liposarcoma, are 
characterized by a specific reciprocal chromosome trans- 
location t(12;16)(q13;pll) as the primary chromosomal 
aberration [30, 51, 53]. Up to now this recurrent cytoge- 
netic abnormality has not been found in other tumours 
and is therefore a differential marker from those for any 
other myxoid sarcomas [47].The breakpoints were local- 
ized at 12q13.3 and 16p11.2 and are different from the 
breakpoints in lipoma, showing chromosomal rearrange- 
ment at 12q13-15 [42]. This translocation gives rise to a 
rearrangement of genes that are involved in normal con- 
trol of fat differentiation and proliferation. These genes 
encode a so-called CHOP protein (C/EBP-HOmologous 
Protein) located atl2ql3.1, which is fused to the 5' end 
of the TLS gene (Translocated in LipoSarcoma; also 
known as FUS) on chromosome 16 [1]. This abnormal 
fused gene is a chimeric protein, which has a different 
function from the normal CHOP protein and acts as a po- 
tent oncogene [57]. Other sarcomas with different 12q 
aberrations tested for comparison did not show rear- 
rangement of the CHOP gene [43]. Additionally, second- 
ary chromosomal changes have been reported in about 
half the cases analysed [23, 33]. It is unclear however, 
whether these non-random secondary chromosome aber- 
rations, such as trisomy 8 and trisomy 5 [33, 50], or the 
involvement of chromosome 1, are related to tumour pro- 
gression. 

Pleomorphic liposarcoma 

Pleomorphic liposarcoma is a rare form of liposarcoma 
with a poor prognosis. The limited cytogenetic data on 
this variant show marked heterogeneity, with generally 
large chromosome numbers and variable and complex 
chromosomal abnormalities without consistent and spe- 
cific abnormalities [51 ]. 

Conclusions 

Aside from the well-characterized and long-established 
types of lipomatous tumours, additonal and sometimes 
controversial entities continue to be defined and debated. 

Myolipoma, a benign neoplasm composed of mature adi- 
pose and smooth muscle tissues, chondroid lipoma, a be- 
nign lesion mimicking myxoid liposarcoma or extraskel- 
etal myxoid chondrosarcoma, and spindle-cell liposarco- 
ma, a variant of well-differentiated liposarcoma, which is 
composed of relatively bland spindle cells and a liposar- 
comatous component, represent recently delineated enti- 
ties in the spectrum of lipomatous tumours of soft tissue. 
Atypical lipoma and well-differentiated liposarcoma are 
essentially identical lesions, and the term atypical lipoma 
should be used with caution, unless there is close liaison 
between surgeon and pathologist, thus ensuring appro- 
priate treatment. Myxoid/round cell liposarcoma consti- 
tutes a morphological spectrum of a single entity. Cyto- 
genetic analysis of lipomatous tumours is utilized in- 
creasingly in their precise characterization and classifica- 
tion and may provide helpful clues to understanding of 
the molecular basis of neoplasia in this group of lesions. 
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