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Who, how and what of pathology of soft tissue sarcoma
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Introduction to soft tissue sarcoma (STS)
pathology

STS is a generic term that refers to a heterogeneous group
of rare neoplastic diseases. The aim of this review is to
discuss the role of pathology in the multidisciplinary
management of STS patients. This will be done: (I)
illustrating the framework for the current classification; (II)
examining the characteristics that allows an expert diagnosis;
(III) describing the role of the sarcoma pathologist in
patient management; and (IV) discussing some of the most
frequent diagnosis and their criticalities.

Classifying STSs

Soft tissue is generally regarded as the extra-skeletal non-
parenchymatous tissue of the body (1), in this location
most of sarcomas occurs; they are a heterogeneous group
of neoplasms, demonstrating mainly a mesenchymal
differentiation, although some of them have neuroectodermal
or frank epithelial differentiation (2). The current WHO
classification of soft tissue tumors divides benign, malignant
and so called “intermediate” neoplasms, defined as
locally aggressive or rarely metastasizing neoplasm; but
the heart of the classification is the chapter division: the
>80 histological entities are grouped in twelve chapters
that can be reduced to three sections: (I) the differentiated
tumors; (IT) the tumors of uncertain differentiation;
and (IIT) the unclassified/undifferentiated tumors. Ten
chapters of the WHO book are titled with terms indicating
“differentiation lines” and are constituted by those tumors
that “resemble” a normal mesenchymal cell, therefore
demonstrating a morpho-phenotypic differentiation: for
example, the chapter of “adipocytic tumor” is dedicated
to those tumors that resemble, to a different extent,
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adipocytes (lipoma, spindle cells lipoma, hibernoma, well-
differentiated liposarcoma (LPS), myxoid LPS, etc.).
One chapter is dedicated to specific entities “of uncertain
differentiation” that are well-characterized entities that do
not readily resemble any normal mesenchymal cells (as the
Ewing sarcoma or the synovial sarcoma—a clear misnomer).
The last chapter is dedicated to those sarcomas that do
not follow in any of the previously listed diagnosis and are
therefore called “undifferentiated/unclassified sarcomas”
and represent about 25% all the diagnosis (3). This
chapter titles overview shows that the backbone of WHO
classification still relies on an “histogenetic” theory, but the
concept of histogenesis is probably not applicable in most
of the soft tissue tumor, as pointed out by some renowned
author (4), in fact tumor with a specific differentiation
can occur in places where that tissue is not present (i.e.,
a LPS in the skeletal muscle). Another relatively simple
classification, that can be very useful to keep in mind when
talking of sarcomas, is the molecular classification. It is not
very new (5), and it has never been formally incorporated
in the WHO classification opposed to others WHO blue
books (6,7), even if some of the WHO definitions do
include molecular alterations (as for synovial sarcoma or
myxoid LPS) (3). The molecular classification of STS
basically recognizes: (I) tumors with specific translocation
(as DDIT3 rearrangement in myxoid LPS); (II) sarcomas
with simple genomic profile showing amplification of a few
genes (as MDM?2 amplification in well/de-differentiated
LPS); (III) tumors with activating mutations (as KIT
mutation in GIST); (IV) sarcomas with inactivating
mutations in a specific pathway (as INI1 deregulation in
epithelioid sarcoma); (V) sarcomas with complex genomic
profile [as undifferentiated pleomorphic sarcoma (UPS)]
(8-10). Most of the STS follows in just three of these
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categories: the translocation, the amplification and the
complex genomic profile ones. Of note, this classification
has a deep diagnostic implication since translocations and
amplifications are readily detectable with relatively simple
molecular techniques (9).

The latest WHO classification is mainly based on
the concept of differentiation, but it is accepted that
certain molecular features are basically diagnostic in the
appropriate clinical and pathological context. Given this
level of complexity, since the diagnosis is the first step in the
patient management, it should be carried out by a sarcoma
pathologist.

Experience and expertise in sarcoma pathology

Several guidelines highlight the need for a second opinion
in sarcoma diagnosis, when original diagnosis has been
done outside reference centers or networks (11). In a study
on three European regions, second opinion led to a change
in diagnosis in more than 40% of cases, with a considerable
impact in patient management (12). Another retrospective
study in a tertiary center found that diagnosis was changed
in 37% of cases after review, grading in 25%, and margin
status, from “negative” to “positive”, in 49% of cases (13).
This means that more than a third of the diagnosis made by
a general pathologist will change when the case is reviewed
by a STS pathologist; it could probably depend both on:
(I) pathologist experience—i.e., frequent exposure to soft
tissue neoplasm, relationship with sarcoma expert clinicians
and feedback from other expert pathologists; and (II) the
laboratory expertise, broadly intended as the laboratory
skills in sarcoma specimen management—f{rom gross
sampling to availability of specific immunohistochemical or
molecular assays.

These notions are also supported by the fact that sarcoma
patients treated in high volume centers have a better
prognosis: a meticulous study of 4,205 patients revealed
that sarcoma patient treated in high volume centers had
significantly better survival and functional outcomes (14).
Several other studies, mainly focused on the role of surgery,
confirmed this finding (15-17). Recently also the role of the
pathologist have been investigated and, not surprisingly,
patient followed in sarcoma centers had pathologic reports
of a better quality (18).

A French study also demonstrated that patients who
had the initial treatment guided by a multidisciplinary
tumor boards (MDTB) [composed at minimum by sarcoma
specialized: pathologist(s), radiologist(s), surgeon(s),
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radiation oncologist(s), medical oncologist(s)] had a
significantly better relapse-free survival than those who
were treated by the same MDTB after an initial treatment
was began outside (19). Moreover, French pathologists
have developed an effective network that allows all
the participants to monthly review STS cases (about
1,000 cases/year), the same network work as a valid support
for second opinion and ancillary testing (20).

An STS pathologist therefore is needed to a good
patient management, and as many other medical branches,
the job itself relies on a great deal of human factor (21).
Patient management and experience in sarcoma pathology
could be improved by adherence to guidelines, continuous
comparison between peers and discussion with other
clinicians involved in the patients care. Similarly, the
laboratory expertise can benefit from adherence to external
quality assurance programs as well as collaborative efforts in
sharing highly specialized technologies.

Histopathological diagnosis in STSs

According to international guidelines, following an
appropriate imaging assessment, diagnostic approach
consists preferentially in Tru-cut biopsy gathering multiple
cores (with a 14-16 G needle) (11,22). On a retrospective
series of 570 patients from a English reference center,
Tru-cut biopsy demonstrated a sensitivity of 99.4%, a
specificity 98.7%, a positive predictive value 99.4%, and a
negative predictive value 98.7% in differentiating benign
from malignant tumors, moreover subtyping was correct
in 79.9% of cases and grading in 84.9% of cases, compared
to final histology (23). These results were comparable to
the incisional biopsy, that however was characterized by
a higher morbidity than Tru-cut biopsy (23). Of note in
all the cases were grading was incorrect [N=12 (6.7%) in
Tru-cut biopsy and N=6 (16.2%) in incisional biopsy] the
surgical specimen had an higher grade (23), supporting the
common sense notion that needle core biopsy may miss
high grade areas and can only give a “minimum grade” (2).
When multiple cores are available, it is advisable to
divide the cores in multiple paraffin blocks to allow tissue
optimization (24).

Together with patient sex and age, several clinical
informations can help in the diagnosis of a soft tissue mass:
as history of radiation, neurofibromatosis, hypoglycemia
in solitary fibrous tumor, or osteomalacia in phosphaturic
mesenchymal tumor, speed of growth, pain pattern (1,2);
also, a detailed radiological examination is very useful: the
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tumor site, size, depth (in relation to the superficial fascia,
i.e., superficial above the fascia, deep in contact with the
fascia or intramuscular), relationship with other structures
(nerves, vessels, joints) or the presence and pattern of
calcifications (2); if feasible, capable pathologist can review
radiological imaging as a useful substitute of macroscopic
examination. Pathologic diagnosis should be made
according to the 2013 World Health Organization (WHO)
classification (3,24,25), and should also include, mitotic
rate (number of mitosis in the most proliferative area/10
high-power fields (HPF); an HPF defined as 0.1734 mm’),
percentage of necrosis, and—for primary untreated tumor—
grading, the Fédération Nationale des Centres de Lutte
Contre le Cancer (FNCLCC) grading system is generally
used (24-26).

Once the diagnosis of sarcoma have been made, resectable
locoregional disease may or may not undergo neoadjuvant
therapy (11,22); in both cases resection specimen will
arrive to the grossing room. For the pathologist or the
pathologist’s assistant, it is useful to examine the specimen
together with the surgeon, that can highlight critical
margins and re-build the iz vivo configuration of the
specimen (27). Standard gross description parameters are
applied: specimen should be measured in three dimensions,
as well as the closest distance of each margin from the
edge of the tumor. Tumor relationship with anatomical
structures should be recorded, as well as the depth (subcutis,
fascial, intramuscular). Size of the tumor, presence of cystic
changes, necrosis, as percentage of the total tumor, should
be recorded. Blocks are taken to include the margins and
generally one per cm of the maximum diameter of the
neoplasm (24,25), alternatively a central slab can be entirely
submitted, especially to evaluate pathological response to
neoadjuvant therapy (28).

The pathologic report will basically differ for primary
tumor, recurrence or relapse, and metastasis [grading in
the last two should not be performed since it have not
been proven useful, and can be confusing (11)], however
the main difference in reporting is case of neoadjuvant
therapies: histopathologic report for untreated primary
tumor should include the histotype, the size, the mitotic
rate, percentage of necrosis, FNCLCC grading, involved
viscera or structures, distance from the nearest margins and
the margin status. Margin positivity in trunk and extremities
is often defined as presence of neoplastic cells <I mm from
the inked surface (29); margin status in retroperitoneal
sarcoma is also relevant (30-33), however a major limitation
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when reviewing the literature is that specialist sarcoma
centers have different surgical approach and a lack of a
common specimen processing, margin sampling, and
characterization and definition of organ invasion (27). In
contrast, reporting of post-treatment primary tumor should
not include the grading, whereas should include assessment
of tumor response (11,28). However the value and the
modality of tumor response reporting are still controversial:
a recent paper from Brigham and Women’s Hospital
assessing prognostic value of the EORTC-STBSG response
score after radiation therapy found no association with
tumor viability and outcomes [overall survival (OS) and
relapse free survival (RFS)], whereas hyalinization/fibrosis
was found a significant independent favorable predictor of
RFS and OS (34). The French Sarcoma Group, instead,
in a retrospective study of 150 patients that underwent
anthracycline-based neo-adjuvant chemotherapy—90% of
whom underwent also radiation therapy—found that a good
pathological response, defined as <10% of viable tumor
cells on the resection specimen, was associated on uni- and
multivariate with a better OS and metastatic progression
free survival(mPFS) [multivariate: OS: HR =0.36 (95%
CI: 0.184-0.703), P=0.0028; mPFS: HR =0.358 (95% CI:
0.192-0.668), P=0.0012] (35).

Diagnosis of STS is still mostly “histopathological”:
histotype, size, grading and margin status are the most
important pathological information that give the patient
prognosis and drive the clinical management (11,22,36).
They rely mostly on morphology and immunohistochemistry;
molecular pathology can complement histopathology,
especially when diagnosis is doubtful, presentation is
unusual, and it may have prognostic and/or predictive
relevance (9,11,37).

Sarcoma histotyping

In the searching for papers describing which are the
most frequent sarcomas, several epidemiological papers
can be encountered, most of them use retrospective
database analysis, that cover wide time period (38,39),
some are limited to trunk and extremity (40), some to
retroperitoneum (41), others span across ages group (42),
but all these studies are limited by several major changes
recently done in the WHO classification. On the other
hand, an epidemiological study lacks an “expert pathologist
diagnosis” since often uses the original codification of the
general pathologist, therefore data coming from reference
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network could be more accurate (20,43), but may fail to
represent the whole picture.

Surprisingly, all these papers agree in the most common
STS diagnoses: UPS is the most frequent, followed by LPS,
leiomyosarcoma (LMS), myxofibrosarcoma, angiosarcoma,
malignant peripheral nerve sheath tumors, synovial sarcomas,
and rhabdomyosarcoma.

UPS, a not defined entity

As already stated, one of the WHO classification chapters
is entitled the “undifferentiated/unclassified sarcoma”
and is characterized by a surprisingly fluid definition:
“a soft tissue sarcoma showing no identifiable line of
differentiation when analyzed by presently available
technology”. Other relevant statements in the definition
are: (I) the heterogeneity of this group; (II) the fact that
this represents an exclusion diagnosis; (III) other sarcomas
may dedifferentiate (i.e., loose that morphophenotypic
characteristics that allow a histotype diagnosis) and they
do not enter in this category. The only way to subdivide
these “undifferentiated/unclassified sarcoma” is on
morphologic ground: i.e., by the shape of the cells, when
these are pleomorphic (change in shape and size) then the
diagnosis of UPS can be made. One might ask if there is a
clinical reason for lumping UPS together and to separate
them from other sarcomas that shows pleomorphism
(morphologic similarities) as well as similar genetic
complexity; the answer is probably yes: those studies that
tried to assess the effect of histotyping on therapy effect
showed that UPS behaved pretty homogeneously at least
compared to a better defined entity such LMS: in a recently
published multicentric phase III trial in high risk sarcoma,
the authors showed that the hazard ratios of disease-free
survival estimated with binary logistic models of standard
versus histotype-tailored chemotherapy, UPS had an
HR =2.17 (95% CI: 0.98-4.80) whereas LMS had a similar
HR =2.28 but a pretty larger 95% CI: 0.27-12.66 (44).
Another study that, probably to a minor extent, showed a
sort of homogeneity of the UPS group is a phase II trial
on pembrolizumab in advanced STS: of the seven patients
with clinically meaningful and sustained objective responses
four were UPS, and had a much better response than
the other group that benefit from pembrolizumab (i.e.,
dedifferentiated LPS) (45). Sarcoma pathologist is forced
to make this “exclusion diagnosis” one time out of four, but
this could probably identify a real entity. UPS occurs mostly
in older adults and in the soft tissue of the extremity (3).
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Synovial sarcoma, not a synovial differentiation

Between the tumors belonging to the chapter of the
“uncertain differentiation”, the most common is the
synovial sarcoma. It is one of the most durable diagnosis
in STS and, although some historical case reports shows
questionable examples (46), Stout’s epidemiological and
clinical observations made on series dating more than
50 years ago fit the one of the current classifications (47),
probably because of the characteristic morphologic appearance
of the biphasic form; also the synovial derivation have been
questioned by a long time (48). This sarcoma occurs mostly
in teenagers and young adults (42) and most of the tumors
arise in deep soft tissue in joint proximity. Clinically it is often
painful and the initial imaging can be misleading and can
appear as a benign tumor (49). It is characterized by a variable
degree of epithelial differentiation and it is characterized
by a specific t(X;18) chromosome translocation (50),
corresponding to the formation of SY7-SSX fusion gene (51).
Several morphological subtypes exist: the biphasic, composed
by epithelial and spindle cell elements in variable proportions,
the monophasic subtype is predominated by spindle cells
elements, and the poorly differentiated subtype defined by
the presence of hypercellular areas with high grade nuclear
features (Figure 1) (52).

LPS, a multitude of neoplasms sharing the lipoblast

The remaining WHO chapters cover tumors that
demonstrate a specific differentiation. Differentiation can
be proven by morphology alone or can be supported by
immunohistochemical studies. The presence of embryonal
type adipocyte, the lipoblast, have been for a long time
the key for the diagnosis of LPS (53), which is the second
most common reported diagnosis in STS (20,38,39,41,42).
The term LPS refers to basically to three different entities:
the myxoid LPS characterized by the translocation of
DDIT3 gene, the well/de-differentiated LPS characterized
by the MDM?2 gene amplification and the pleomorphic
LPS. The latter is the rarest with a considerable number
of cases occurring in the superficial soft tissue and the
skin (54). It has neither the translocation of DDIT3 gene
nor the MDM?2 gene amplification, but is characterized
by a complex genomic profile (55). Myxoid LPS is mainly
a disease of young adults with a peak of incidence in the
fourth decade of life developing preferentially in the lower
extremity: particularly the medial thigh and popliteal
area (56,57). Histological appearance is a well reported
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Figure 1 Synovial sarcoma (SS). The upper left image shows a

typical biphasic appearance (i.e., spindle cells and epithelial cells),
whereas the upper right image shows a monophasic SS (only
spindle cells). Lower images show typical immunohistochemical
profile demonstrating BCL2 and EMA positivity; TLEI is a
sensitive marker for synovial sarcoma; FISH analysis of SYT with
break-apart probes demonstrates the separation of the two signals.
HE: images are at x200 magnification. BCL2, EMA, and TLEI
immunostains are at x400 magnification. HE, hematoxylin and

eosin.

prognosticator for MLS being the round cell variant more
aggressive (Figure 2) (56-59).

The majority (85%) of the LPS are those characterized
by the MDM2 gene amplification, namely: (I) the well
differentiated LPS, most often occurring in the deep
soft tissue of the extremities, where it is called “atypical
lipomatous tumor” (ALT); and (II) the dedifferentiated
LPS, which occurs almost exclusively in the retroperitoneal
space, where is the most common sarcoma (60). This
simplistic division is quite artificial and probably these
entity represent a spectrum, in fact several form of the
well differentiated LPS exists: they are the lipoma-like, the
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Figure 2 Myxoid liposarcoma (M-LPS). The upper left image
shows a solid nodular growth (asterisk) within a proliferation
characterized by a myxoid stroma and an adipocytic differentiation;
the morphology of the myxoid area is shown in the upper right
image: numerous lipoblasts are seen. The morphology of the solid-
nodular area is shown in the lower left image, where a high grade
proliferation of ovoid-round cell is evident, no intervening myxoid
stroma is seen. FISH analysis of DDIT?3 with break-apart probes
demonstrates the separation of the two signals, supporting the
diagnosis. Upper left image x40, other HE: images are at x400.
HE, hematoxylin and eosin.

inflammatory, the sclerosing and the cellular, of note they
can all be present within a single neoplasm (3); moreover
well differentiated LPS cellular subtype and the low grade
dedifferentiated LPS differ basically for the mitotic activity
and can be indistinguishable (3,61).

ALT of the extremity is a “locally aggressive”
neoplasm that morphologically resembles a lipoma (62)
although it can de-differentiate in up to 6% of cases (63).
Retroperitoneal LPS is the commonest sarcoma of the
retroperitoneum, often bigger than 25 cm (60), and should
be always ruled out when approaching a undifferentiated
sarcoma or a sarcoma showing some extent of myogenic
differentiation (i.e., a LMS) (60,64). A major prognosticator
of dedifferentiated LPS is the grading of the non-
lipogenic component (60,65,66); interestingly once
the neoplasm loses the adipose differentiation, it can
“gain” other differentiation as muscular differentiation
(myogenic), either toward smooth muscle or skeletal
muscle differentiation (rhabdomyoblastic), osteogenic or
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Figure 3 Well differentiated dedifferentiated liposarcoma (WD/DD LPS). Three cases are shown: the first line of images shows a WD-

LPS inflammatory type, scattered lipoblasts are seen, mdm2 immunostains show nuclear reactivity and chromogenic iz situ hybridization

for MDM2 confirms the cluster amplification. The second line shows a DD-LPS with myogenic differentiation: no lipogenic differentiation

is seen, SMA is diffusely positive and desmin is focally positive, but myogenin staining is absent; line three: shows a DD-LPS with

rhabdomyoblastic differentiation: abrupt transition from lipogenic area is seen, SMA is negative, desmin is diffusely positive, and myogenin

positivity confirm the skeletal muscle differentation. Images from the first case are at x400 magnification. Images from the other cases are at
x100 magnification. HE, hematoxylin and eosin; MDM2, CISH black signal MDM2, red signal cep12; SMA, a-smooth muscle actin; DES,

desmin; MYO, myogenin.

chondrogenic differentiation, and also this can impact the
prognosis (Figure 3) (60,67).

LMS, a motile definition

LMS is defined as a malignant neoplasm showing a smooth
muscle differentiation, this can be basically demonstrated by
morphology and immunohistochemistry (1-3). In contrast
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to the STSs so far covered, most smooth muscle neoplasms
seem to originate from their normal counterpart (4):
in fact often LMS have a close anatomic relationship with
great vessels (Figure 4) (68-72). Classically LMS have
been divided in four clinical forms (4): intra-abdominal/
retroperitoneal (73-75), soft tissue of extremities (73,76,77),
vascular (68-73,78) and dermal (77,79,80). Of note, most of
the literature favoring a higher prevalence of intrabdomial/
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Posterior view Right kidney

s

Right colon

Figure 4 Caval leiomyosarcoma: gross specimen demonstrates the
close relationship between the cava and the neoplasm (the cranial
margin of the cava is indicated by an asterisk, the caudal margin by
two asterisks).

retroperitoneal and extremities LMS over the vascular-LMS
precede the widespread use of iz situ hybridization technique
to assess the MDM?2 amplification status, therefore,
knowing that dedifferentiated LPS can have a smooth
muscle differentiation (60), these data should be interpreted
with some criticism. Concerning the dermal-LMS, some
authors consider them to be a non-metastasizing tumor
and therefore suggest to use the term “atypical intradermal
smooth muscle neoplasm” over sarcoma (80), however this
concept is not universally shared (81). In any case when
dealing with dermal-LMS the important key feature is that
it should be limited to the dermis: in fact a subcutaneous
involvement by a dermal centered neoplasm is related to
recurrences and metastasis (80-82).

Another important issue regarding LMS is the definition:
it has already been underlined how some of the neoplasm
called LMS in the past could represent DD-LPS, moreover
since no molecular marker to help in the LMS diagnosis
is available, to diagnose a LMS pathologist relies clinical
information, as the anatomical relationship with vessels
or other muscular organs, and pathological ones: the
morphology and the immunohistochemistry—the third way
would be electron microscopy but nowadays is available only
in few centers. Morphology can be very suggestive, LMS
are composed, especially lower grade diseases, by fascicles
of spindle cells with a brightly eosinophilic cytoplasm
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and a vesicular, ovoid to cigar-shaped nucleus (1,3,4).
To demonstrate the smooth muscle differentiation by
immunohistochemistry several markers can be used:
(I) desmin, it is expressed both in smooth and skeletal
muscle cells, it can also be expressed in several “non-
muscular” neoplasm (83-85); (II) a-smooth muscle actin
(SMA): it is found in smooth muscle and myofibroblast
and in many spindle cell neoplasms both mesenchymal
(demonstrating a “myofibroblastic” differentiation) and
non-mesenchymal such as sarcomatoid carcinomas and
spindle cell melanomas (86,87); (III) high-molecular-
weight caldesmon (h-caldesmon): it is a marker specific of
smooth muscle differentiation although can be positive in
gastrointestinal stromal tumors (88); and (IV) calponin: it is
expressed by myofibroblasts and smooth muscle cells (88).
To diagnose a LMS the tumor should at least focally show
the classic morphology and extensive positivity for SMA
or calponin, or focal and strong positivity for desmin or
h-caldesmon (89-91). LMS can be therefore a challenging
diagnosis especially on small specimen, since the muscular
differentiation can be only focal.

Many other entities are present in the WHO Classifications,
some of them are more frequent in some age group
(rhabdomyosarcoma in young patients or congenital-
infantile fibrosarcoma in newborns or toddlers), other are
more frequent or almost exclusive of some site (aggressive
angiomyxoma in perineal region or myxo-inflammatory
fibroblastic sarcoma in distal lower extremity), all of them
are diagnosed—with support of clinical information—using
the histologic appearance, often together with ancillary tests
(immunohistochemical or molecular).

Conclusions

STSs are rare neoplasms that have been classically divided
on the histogenesis, this classification that could have been
adequate when diagnoses were performed on morphology
alone, seems to have some criticalities given the diagnostic
complexity of today.

The diagnosis dictates most of the prognosis (37), and
the patient management (11,22), and to be of an high
quality a strong cooperation at least between surgeon,
radiologist, oncologist and pathologist is needed.
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