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The term malignant fibrous histiocytoma (MFH) has been supplanted by undifferentiated pleomorphic sarcoma

(UPS). Even now, however, a number of pleomorphic neoplasms are classified as UPSs when in fact at least a

subgroup of these can be more precisely classified as a pleomorphic sarcoma with a specific line of

differentiation. Still others are pseudosarcomas, most commonly sarcomatoid carcinomas. This review will

discuss historical aspects of MFH/UPS as well as provide an approach to the pleomorphic malignant neoplasm

with a discussion of useful ancillary techniques in the evaluation of such cases.
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The concept of malignant fibrous histiocytoma
(MFH) has undergone significant change over the
past five decades. The term was first introduced in
1963 to refer to a group of soft tissue tumors
characterized by a storiform or cartwheel-like growth
pattern, which were believed to be derived from
histiocytes on the basis of early tissue culture studies
demonstrating ameboid movement and phagocytosis
of explanted tumor cells.1,2 However, ultrastructural
studies both endorsed and refuted the histiocytic
origin of these tumors. With the advent of immuno-
histochemistry and the accessibility of numerous
monoclonal antibodies directed against various
structural proteins of specific cell types, the pheno-
type of this tumor was shown to be more closely
aligned with a fibroblast than a histiocyte.3–6

Furthermore, many, but not all, lesions labeled as
‘malignant fibrous histiocytoma’ could, upon close
scrutiny, be subclassified as lineage-specific sarco-
mas, an observation that led some to question the
existence of MFH as a distinct entity.7 The extent to
which such lesions can be subclassified as sarcomas
of alternative type is, in large part, dependent on
definitional criteria and the number of ancillary
studies a pathologist is willing to bring to bear on the
evaluation of a pleomorphic sarcoma. There is still
no general agreement as to what percentage of

pleomorphic sarcomas, when subjected to rigorous
evaluation, remain unclassified. These discre-
pancies, nonetheless, underscore the fact that the
criteria by which a pleomorphic tumor is provision-
ally labeled as an undifferentiated pleomorphic
sarcoma (UPS/MFH) as well as the criteria by
which some are reclassified differ from institution
to institution.

Whatever the true incidence of this lesion, there is
agreement that the term MFH should be used
synonymously with UPS which, by a combination
of sampling and immunohistochemistry, shows no
definable line of differentiation and by electron
microscopy manifests fibroblastic/myofibroblastic
features.8 At this point, we use the term UPS in
our diagnostic reports, but also state that this is
synonymous with so-called MFH in parentheses so
as to avert any misunderstanding with clinicians
who continue to be familiar with that term.

Whenever I encounter a soft tissue neoplasm with
a ‘MFH-like’ pattern, I consider several broad
possibilities before concluding that the lesion is in
fact an UPS. First, I consider whether the lesion in
question is some type of pleomorphic sarcoma with
a specific line of differentiation that can be identi-
fied through light microscopy and/or immuno-
histochemistry. The rationale behind attempting to
more precisely classify a pleomorphic sarcoma is
discussed below. Second, I consider the possibility
that the lesion could be a component of a dediffer-
entiated sarcoma, particularly when dealing with a
sarcoma in the retroperitoneum. Thorough sampling
is often required in order to recognize the low-grade
sarcoma from which the dedifferentiated ‘MFH-like’
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areas arose. Importantly, I also want to exclude the
possibility that the lesion is a non-mesenchymal
neoplasm. The most common consideration is that
of a sarcomatoid carcinoma, particularly when the
lesion arises on a mucosal surface, skin, or within a
parenchymal organ. Other considerations might
include (depending upon site and other clinical
factors) sarcomatoid mesothelioma, melanoma, and
even anaplastic lymphoma. Finally, if all of these
can be excluded, then one can arrive at the
conclusion that the lesion is a UPS (Figure 1).

Pleomorphic sarcoma with a specific line
of differentiation

A variety of pleomorphic sarcomas may have areas
that resemble UPS. In some cases, determining the
specific line of differentiation may rely on random
sampling of a small area within a large tumor.
Although a specific type of pleomorphic sarcoma
may be suggested by histologic features, immuno-
histochemical stains are often required to confirm the
diagnosis. Although it could be argued that subtyp-
ing pleomorphic sarcomas is nothing more than an
academic exercise, there is some evidence to suggest
that pleomorphic sarcomas with myogenic differen-
tiation are more clinically aggressive than those
without myogenic differentiation9–11 (see below).

The only criterion for rendering a diagnosis of
pleomorphic liposarcoma is the recognition of
multivacuolated pleomorphic lipoblasts (Figure 2).
The major difficulty in such cases is separating
pleomorphic sarcomas that infiltrate fat and isolate
individual cells from those with true lipoblasts.
Pleomorphic leiomyosarcoma is composed of cells
with distinct cytoplasmic eosinophilia (Figure 3). At
least focally, most cases have areas with a fascicular
arrangement and cells with blunt-ended nuclei
with a perinuclear vacuole and deeply eosino-
philic cytoplasm. Pleomorphic rhabdomyosarcoma

is recognized by the presence of large cells with
eosinophilic cytoplasm and cross striations
(Figure 4), which can be confirmed by the immuno-
histochemical demonstration of skeletal muscle
differentiation (desmin, MyoD1, myogenin). A defi-
nitive diagnosis of pleomorphic malignant periph-
eral nerve sheath tumor can be difficult unless the
pleomorphic sarcoma clearly arises from a benign
nerve sheath tumor or arises from a peripheral
nerve in a patient with type 1 neurofibromatosis
(Figure 5). The only criterion for recognizing
extraskeletal osteosarcoma is the production of
osteoid or bone by cytologically malignant cells
(Figure 6).

As mentioned, several studies have suggested that
pleomorphic sarcomas with myogenic differentiated
are clinically more aggressive than those without
myogenic differentiation.9–11 Fletcher et al reviewed
100 cases diagnosed as ‘MFH’ and concluded (based
upon morphology and immunohistochemistry) that
70 of these tumors were non-myogenic pleomorphic
sarcomas, whereas 30 showed evidence of myogenic

Figure 1 This high-grade pleomorphic malignant neoplasm was
ultimately classified as an undifferentiated pleomorphic sarcoma,
a diagnosis of exclusion.

Figure 2 Pleomorphic liposarcoma characterized by the presence
of pleomorphic lipoblasts.

Figure 3 Pleomorphic leiomyosarcoma characterized by pleo-
morphic spindled cells with eosinophilic cytoplasm. This tumor
stains strongly for smooth muscle actin.
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differentiation.10 Of these 30 cases, 20 were
classified as leiomyosarcoma, 9 as myogenic
sarcoma, not otherwise specified, and 1 as rhabdo-
myosarcoma. The pleomorphic sarcomas with
myogenic differentiation were significantly more
likely to be deep-seated when compared with those
without myogenic differentiation (83% versus 63%;
P¼ 0.04), and they were also more likely to be grade
4 tumors (97 versus 67%; P¼ 0.02). Similarly, in
2003, Deyrup et al compared 42 cases of
pleomorphic sarcoma with myogenic differentia-
tion to 50 pleomorphic sarcomas without myogenic
differentiation.9 The only significant difference
between these two groups was that the tumors
with myogenic differentiation were significantly
more likely to be grade 3 sarcomas (88% versus
74%; P¼ 0.038). There was a significant difference
in overall survival, as those sarcomas with myogenic
differentiation had shorter overall survival. Overall
survival was also directly correlated with the
number of myogenic markers found to be positive,
as those with three markers found in a given tumor

were more aggressive than those with fewer markers.
Massi et al evaluated 65 pleomorphic sarcomas of
the extremities and compared 31 sarcomas with
myogenic differentiation (22 leiomyosarcomas, 4
rhabdomyosarcomas, and 5 myofibrosarcomas)
with 34 non-myogenic pleomorphic sarcomas.11

The tumors were classified into diagnostic
categories based upon morphology, immunohisto-
chemistry, and, in some cases, ultrastructural
analysis. Tumor site and myogenic differentiation
were both found to be independent predictors of
disease relapse for localized tumors by multivariate
analysis, but only myogenic differentiation was
found to be an independent predictor of overall
survival by multivariate analysis.

In summary, there are at least three studies that
strongly suggest the adverse prognostic effect of
myogenic differentiation in a pleomorphic sarcoma.
However, there are a number of practical issues that
make the assessment of myogenic differentiation in a
pleomorphic sarcoma rather difficult. First, these are
relatively uncommon tumors, and there are incon-
sistencies with regard to diagnostic criteria. There is
a relatively small number of cases subjected to
multivariate analysis in order to control for tumor
site, tumor size, and tumor depth. Exactly how many
myogenic markers should be positive to designate a
tumor as having myogenic differentiation is unclear,
and the extent of staining needed to designate a
myogenic marker as positive is similarly unclear.

Pleomorphic sarcoma as a result of
dedifferentiation

The process of tumor progression or dedifferentia-
tion involves the transformation of a low-grade
sarcoma to a higher-grade sarcoma, which usually
(but not always) resembles a UPS (Figure 7).
The most common scenario is the progression of
a low-grade well-differentiated liposarcoma to a

Figure 5 Pleomorphic malignant peripheral nerve sheath tumor
that arose in a patient with type 1 neurofibromatosis. The box
shows a lower-grade area recognizable as a malignant peripheral
nerve sheath tumor.

Figure 6 Extraskeletal osteosarcoma that arose in the deep
soft tissues of the extremity of an older patient. The box in
the lower right-hand corner shows malignant cells producing
osteoid.

Figure 4 Pleomorphic rhabdomyosarcoma characterized by large
pleomorphic cells with cytoplasmic eosinophilia, which stained
for myogenin.
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pleomorphic sarcoma (dedifferentiated liposarco-
ma). Other low-grade neoplasms can also dediffer-
entiate, including chondrosarcomas, chordomas,
and parosteal osteosarcomas. Certainly, in a limited
biopsy specimen it can be impossible to prove that a
pleomorphic sarcoma is part of a dedifferentiated
sarcoma if the low-grade component is not repre-
sented. However, in a retroperitoneal sarcoma where
dedifferentiated liposarcoma is always a strong
consideration, it can often be suggested that the
high-grade sarcoma could be part of a dedifferen-
tiated liposarcoma.

There is some evidence to suggest that dediffer-
entiated sarcomas (dedifferentiated liposarcoma in
particular) are more indolent tumors than de novo
pleomorphic sarcomas arising in the same location.
For example, in the study of 32 cases of dediffer-
entiated liposarcoma by McCormick et al, 19 of 32
dedifferentiated liposarcomas (59%) arose in the
retroperitoneum or paratesticular region, most of
which arose de novo (94%).12 These patients were
followed for a mean of 5.6 years, and metastasis was
detected in only 4 of 27 cases with follow-up (15%), a
rate much lower than would be expected for de novo
pleomorphic sarcomas in that location. Similarly,

Henricks et al studies 155 cases of dedifferentiated
liposarcoma, most of which arose in the retroper-
itoneum, spermatic cord, or scrotum (77%) and most
of which showed de novo dedifferentiation (86%).13

Similar to the results reported by McCormick et al,
these authors found a metastatic rate of only 18% for
dedifferentiated liposarcomas of the retroperitoneum
and an overall metastatic rate of 17% for dedifferen-
tiated liposarcomas at all sites. Thus, it does appear
that dedifferentiated liposarcoma has a lower meta-
static rate than other pleomorphic sarcomas arising at
the same site. If this is true, then it is logical to
presume that it is of clinical importance to distinguish
a dedifferentiated liposarcoma from a de novo pleo-
morphic sarcoma of some other type.

The utility of MDM2 and CDK4 analysis in
distinguishing dedifferentiated liposarcoma from
other types of pleomorphic sarcoma is controversial,
but the preponderance of evidence suggests that this
analysis is useful. Inasmuch as both MDM2 and CDK4
are amplified and often immuno-positive in well-
differentiated liposarcomas, it is reasonable to pre-
sume that these markers would be similarly expressed
in dedifferentiated liposarcomas as the latter are
derived from the former. In fact, there are a number
of studies that confirm the frequent amplification and
immunoexpression of these markers in dedifferen-
tiated liposarcoma. For example, Binh et al found
amplification of MDM2 and/or CDK4 in 53 of 55
(96%) dedifferentiated liposarcomas, using either RT-
PCR or a-CGH.14 Using these same techniques,
however, some of the simulators of dedifferentiated
liposarcoma were also found to have amplification of
these genes, including myxofibrosarcoma (8/13 cases;
62%), leiomyosarcoma (5/13 cases; 16%), MPNST
(2/6 cases; 33%), and ‘MFH’ (3/39 cases; 8%). By
immunohistochemistry, almost all cases of dedifferen-
tiated liposarcoma expressed MDM2 (52 cases), CDK4
(51 cases), or both markers (49 cases). However, some
of the simulators of dedifferentiated liposarcoma also
showed immunoexpression of these antigens. For
example, 8 of 13 cases of myxofibrosarcoma stained
for MDM2, 3 stained for CDK4, and 2 stained for both
markers. Thus, although assessment of gene
amplification and immunoexpression in dedifferen-
tiated liposarcoma is highly sensitive, it lacks
complete specificity. I polled many of my soft tissue
pathology colleagues in the United States and in other
countries, and it is clear there is a lack of uniformity in
the approach to utilizing these techniques in the
distinction of dedifferentiated liposarcoma from other
types of pleomorphic sarcoma.

Pleomorphic non-mesenchymal
neoplasms resembling a pleomorphic
sarcoma

It can be exceedingly difficult to distinguish a
UPS from a sarcomatoid carcinoma. A reasonable

Figure 7 Dedifferentiated liposarcoma. (a) This retroperitoneal
mass was comprised predominantly of a high-grade pleomorphic
sarcoma without a specific line of differentiation. (b) A minority
of the tumor had the histologic appearance of an atypical
lipomatous tumor/well-differentiated liposarcoma.
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approach would be to assume a pleomorphic
malignant neoplasm arising in the skin, mucosal
surface, or parenchymal organ is a sarcomatoid
carcinoma, until proven otherwise (Figure 8). A
battery of epithelial markers including broad-spec-
trum, low- and high-molecular-weight cytokeratins
is required, but equivocal results are not uncommon
for several reasons. First, not all sarcomatoid
carcinomas show the immunohistochemical expres-
sion of epithelial markers. Second, virtually any
type of sarcoma, including UPS, can on occasion
express cytokeratins. Strong and diffuse cytokeratin
expression, especially with multiple antibodies,
strongly supports a diagnosis of sarcomatoid carci-
noma, as does the recognition of an intraepithelial/
intramucosal dysplastic component. In the end,
some cases are not resolvable and can only be
diagnosed as a pleomorphic malignant neoplasm,
sarcoma versus carcinoma. p63 can also have a role
in this immunohistochemical work-up. Although
p63 is frequently expressed in a variety of sarcoma-
toid carcinomas, it is actually very rarely expressed
in soft tissue tumors. In the study by Jo and Fletcher
in 2011, p63 was expressed in only 9% of 650 soft

tissue tumors tested.15 For example, p63 was found
in only 1 of 20 cases of AFX, 0 of 20 cases of
dedifferentiated liposarcoma, and 0 of 20 cases of
leiomyosarcoma. It should also be kept in mind that
sarcomatoid mesothelioma, melanoma, and ana-
plastic lymphoma can on occasion mimic UPS; a
panel of markers including CAM5.2, S-100 protein,
melanocytic markers such as HMB45 and Melan A,
CD30, and ALK1 can help resolve these issues.
Following the exclusion of the aforementioned
scenarios, one is left with UPS as a diagnosis of
exclusion, the details of which are described below.

UPS: a diagnosis of exclusion

Depending on definitional criteria, UPS still ac-
counts for a significant proportion of sarcomas
occurring in late adult life. It manifests a broad
range of histologic appearances, although the most
common form consists of a mixture of storiform and
pleomorphic areas.

UPS is characteristically a tumor of late adult life,
with most cases occurring in persons between the
ages of 50 and 70 years.16 Tumors in children are
exceedingly rare, and this diagnosis should always
be made with caution in patients under 20 years of
age. Approximately two-thirds occur in men, and
whites are affected more often than blacks or Asians.
The tumor occurs most frequently in the lower
extremity, especially the thigh, followed by the
upper extremity, usually as a painless, slowly
enlarging mass. As mentioned previously, careful
sampling and microscopic observation are necessary
in retroperitoneal lesions to exclude dedifferen-
tiated liposarcoma, a lesion which in our
experience is far more common than de novo UPS
in this location.

Microscopically, the classic form of UPS has a
highly variable morphologic pattern and shows
frequent transitions from storiform to pleomorphic
areas, although the emphasis in most tumors is on
haphazardly arranged pleomorphic zones. Storiform
areas consist of plump spindle cells arranged in
short fascicles in a cartwheel, or storiform, pattern
around slit-like vessels. Although such tumors
resemble dermatofibrosarcoma protuberans, they
differ by a less distinctive storiform pattern and by
the presence of occasional plump histiocytic cells,
numerous typical and atypical mitotic figures, and
secondary elements including xanthoma cells and
chronic inflammatory cells. Although this pattern is
easily recognized, it is seldom seen throughout the
entire tumor. Instead, most tumors have a combina-
tion of storiform and pleomorphic areas, with a
preponderance on the latter. Least often, tumors
have a fascicular growth pattern and resemble
fibrosarcomas, except for scattered giant cells, and
it may be an arbitrary distinction in some cases as to
whether a given tumor should be designated as a
UPS or fibrosarcoma. In contrast to the storiform

Figure 8 Sarcomatoid carcinoma of the pancreas. (a) This
pancreatic mass was composed of a highly cellular proliferation
of malignant spindled cells arranged into short intersecting
fascicles. (b) Virtually all of the neoplastic cells stain strongly
for CAM 5.2, consistent with a sarcomatoid carcinoma.
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areas, pleomorphic areas contain plumper fibroblas-
tic cells and more rounded histiocyte-like cells
arranged haphazardly with no particular orientation
to vessels. Pleomorphism and mitotic activity are
usually more prominent.

The stroma and secondary elements vary con-
siderably in the storiform and pleomorphic areas.
Usually, the stroma consists of delicate collagen
fibrils encircling individual cells but occasionally
collagen deposition is extensive and widely sepa-
rates cells. Rarely, the stroma contains metaplastic
osteoid or chondroid material. If, however, bone or
cartilage is extensive and/or appears immature, the
tumor should be classified as an osteo- or chondro-
sarcoma. The vasculature, although elaborate, is
seldom appreciated unless it becomes dilated and
resembles that of a hemangiopericytoma.

Some examples of this tumor have numerous giant
cells, a lesion formerly referred to as the giant cell
type of MFH or malignant giant cell tumor of soft
parts.17,18 These tumors tend to be distinctly
multinodular and composed of a mixture of
spindled, rounded, and osteoclast-type giant cells.
Dense fibrous bands containing vessels often encircle
the nodules, which frequently show secondary
hemorrhage and necrosis. The cells display pleo-
morphism and prominent mitotic activity, and may
contain ingested material such as lipid or hemo-
siderin. The nuclei of the osteoclast-type giant cells
tend also to be of high nuclear grade. Focal osteoid or
mature bone is present in up to 50% of these cases
and is usually located at the periphery of the tumor
nodules.

Immunohistochemical findings

The role of immunohistochemistry in the diagnosis
of UPS has traditionally been an ancillary one,
primarily serving as a means to exclude other
pleomorphic tumors. Thus, the diagnosis continues
to presuppose thorough sampling and evaluation of
hematoxylin–eosin-stained sections. Despite the
limited diagnostic applications of immunohisto-
chemistry aside from excluding other lesions, there
is ample evidence that these tumors do not display
features of monocytes or macrophages but, rather,
fibroblasts/myofibroblasts.8,19,20 Many of these
tumors show focal immunoreactivity for smooth
muscle actin, but stains for desmin and h-caldesmon
are typically negative.21 Some examples also show
rare cytokeratin-positive cells, which can cause
confusion with those tumors in which a sarco-
matoid carcinoma is a real consideration.22–24 Thus,
focal immunoreactivity for any number of inter-
mediate filaments is, in my opinion, insufficient
evidence of a specific line of differentiation and
should not dissuade one from rendering a diagnosis
of UPS. On the other hand, diffuse immuno-
reactivity is far more likely to reflect a specific line
of differentiation.

Cytogenetic and molecular genetic
findings

Over the past several decades, studies have reported
a variety of cytogenetic abnormalities in ‘MFH’ but
of course the utility of this information is limited by
the varying criteria for making this diagnosis.25,26 In
general, pleomorphic sarcomas of all types are
characterized by complex but nonspecific cyto-
genetic aberrations and, as such, this technique is
not useful in distinguishing among these pleo-
morphic sarcomas.27

More recently, a number of studies using com-
parative genomic hybridization have evaluated UPS
and compared the findings to those of other pleo-
morphic sarcomas.28–31 Interestingly, several studies
have found striking similarities between UPS and
pleomorphic leiomyosarcoma suggesting a shared
lineage.29,31

Clinical behavior

The vast majority of UPS are high-grade lesions
having a local recurrence rate ranging from 19–31%,
a metastatic rate of 31–35%, and a 5-year survival of
65–70%.32–37 Both local recurrence and distant
metastases often develop within 12–24 months of
diagnosis. Only a minority of patients develop
metastases after 5 years, with the common meta-
static sites being lung (90%), bone (8%), and liver
(1%). Regional lymph node metastases are decid-
edly uncommon.

The factors that correlate consistently with me-
tastasis, survival, or both are depth, tumor size,
grade, necrosis, and local recurrence, although they
are not necessarily independent variables. For
example, size and depth appear to co-vary because
large tumors tend to be deep tumors. In the study by
Engellau et al, necrosis and local recurrence were
significant predictors of metastasis within the first 2
years of diagnosis and throughout a longitudinal
follow-up period, whereas only tumor depth and
local recurrence were significant predictors beyond
2 years.32

Summary

In summary, pleomorphic malignant neoplasms are
commonly encountered by surgical pathologists.
Although many of these will ultimately be diag-
nosed as a pleomorphic sarcoma, close morphologic
observation and judicious use of ancillary techni-
ques may help precisely classify the tumor as some
type of pleomorphic sarcoma with a specific line of
differentiation. Still others, particularly those
located in the retroperitoneum, represent dediffer-
entiated sarcomas (mostly commonly dedifferen-
tiated liposarcoma). Most important, one must
always be cognizant of the possibility that one is
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dealing with a pseudosarcoma, most commonly a
sarcomatoid carcinoma, particularly when encoun-
tering a pleomorphic malignant neoplasm of the
skin, mucosal surface, or parenchymal organ.
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