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WHO Classification 
of Soft Tissue Tumours

This new WHO classification of soft tissue tumours, in line with
other volumes in this new series, incorporates detailed clinical,
histological and genetic data. The explosion of cytogenetic and
molecular genetic information in this field over the past 10-15
years has had significant impact on soft tissue tumour classifi-
cation and also on our understanding of their biology.

The major changes which are reflected in the new classification
include a revised categorization of biological behaviour which
allows for two distinct types of intermediate malignancy, identi-
fied respectively as ‘locally aggressive’ and ‘rarely metastasiz-
ing’. The new classification, most importantly, acknowledges the
poorly defined nature of the categories known as malignant
fibrous histiocytoma (MFH) (which in reality represents undiffer-
entiated pleomorphic sarcoma) and haemangiopericytoma
(most examples of which are closely related to solitary fibrous
tumour). The uncertain line of differentiation in so-called
angiomatoid MFH and extraskeletal myxoid chondrosarcoma
has resulted in their reclassification into the chapter of Tumours
of uncertain differentiation. However, the Working Group has
avoided changes in nomenclature until these tumour types are
better understood, for fear of causing confusion in routine clini-
cal practice. Multiple newly recognized entities, which have
become established since the 1994 classification, are now
included and it seems likely that this trend of clinically relevant
and carefully defined subclassification of soft tissue tumours will
continue in the future.
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WHO classification of soft tissue tumours

ADIPOCYTIC TUMOURS

Benign
Lipoma 8850/0*
Lipomatosis 8850/0
Lipomatosis of nerve 8850/0
Lipoblastoma / Lipoblastomatosis 8881/0
Angiolipoma 8861/0
Myolipoma 8890/0
Chondroid lipoma 8862/0
Extrarenal angiomyolipoma 8860/0
Extra-adrenal myelolipoma 8870/0
Spindle cell/  8857/0

Pleomorphic lipoma 8854/0
Hibernoma 8880/0

Intermediate (locally aggressive)
Atypical lipomatous tumour/

Well differentiated liposarcoma 8851/3

Malignant
Dedifferentiated liposarcoma 8858/3
Myxoid liposarcoma 8852/3
Round cell liposarcoma 8853/3
Pleomorphic liposarcoma 8854/3
Mixed-type liposarcoma 8855/3
Liposarcoma, not otherwise specified 8850/3

FIBROBLASTIC / MYOFIBROBLASTIC
TUMOURS

Benign
Nodular fasciitis
Proliferative fasciitis
Proliferative myositis
Myositis ossificans 

fibro-osseous pseudotumour of digits
Ischaemic fasciitis
Elastofibroma 8820/0
Fibrous hamartoma of infancy
Myofibroma / Myofibromatosis 8824/0
Fibromatosis colli
Juvenile hyaline fibromatosis
Inclusion body fibromatosis
Fibroma of tendon sheath 8810/0
Desmoplastic fibroblastoma 8810/0
Mammary-type myofibroblastoma 8825/0

Calcifying aponeurotic fibroma 8810/0
Angiomyofibroblastoma 8826/0
Cellular angiofibroma 9160/0
Nuchal-type fibroma 8810/0
Gardner fibroma 8810/0
Calcifying fibrous tumour
Giant cell angiofibroma 9160/0

Intermediate (locally aggressive)
Superficial fibromatoses (palmar / plantar)
Desmoid-type fibromatoses 8821/1
Lipofibromatosis

Intermediate (rarely metastasizing)
Solitary fibrous tumour 8815/1 

and haemangiopericytoma 9150/1
(incl. lipomatous haemangiopericytoma)

Inflammatory myofibroblastic tumour 8825/1
Low grade myofibroblastic sarcoma 8825/3
Myxoinflammatory 

fibroblastic sarcoma 8811/3
Infantile fibrosarcoma 8814/3

Malignant
Adult fibrosarcoma 8810/3
Myxofibrosarcoma 8811/3
Low grade fibromyxoid sarcoma 8811/3

hyalinizing spindle cell tumour
Sclerosing epithelioid fibrosarcoma 8810/3

SO-CALLED FIBROHISTIOCYTIC TUMOURS

Benign
Giant cell tumour of tendon sheath 9252/0
Diffuse-type giant cell tumour 9251/0
Deep benign fibrous histiocytoma 8830/0

Intermediate (rarely metastasizing)
Plexiform fibrohistiocytic tumour 8835/1
Giant cell tumour of soft tissues 9251/1

Malignant
Pleomorphic ‘MFH’ / Undifferentiated 

pleomorphic sarcoma 8830/3
Giant cell ‘MFH’ / Undifferentiated 

pleomorphic sarcoma 
with giant cells 8830/3

Inflammatory ‘MFH’ / Undifferentiated 
pleomorphic sarcoma with  
prominent inflammation 8830/3

____________________________________________________________

* Morphology code of the International Classification of Diseases for
Oncology (ICD-O) {726} and the Systematize Nomenclature of Medicine
(http://snomed.org).

bb5_2.qxd  13.9.2006  9:35  Page 10



11

SMOOTH MUSCLE TUMOURS
Angioleiomyoma 8894/0
Deep leiomyoma 8890/0
Genital leiomyoma 8890/0
Leiomyosarcoma (excluding skin) 8890/3

PERICYTIC (PERIVASCULAR) TUMOURS
Glomus tumour (and variants) 8711/0

malignant glomus tumour 8711/3
Myopericytoma 8713/1 

SKELETAL MUSCLE TUMOURS

Benign
Rhabdomyoma 8900/0

adult type 8904/0
fetal type 8903/0
genital type 8905/0

Malignant
Embryonal rhabdomyosarcoma 8910/3

(incl. spindle cell, 8912/3
botryoid, anaplastic) 8910/3

Alveolar rhabdomyosarcoma 
(incl. solid, anaplastic) 8920/3

Pleomorphic rhabdomyosarcoma 8901/3

VASCULAR TUMOURS

Benign
Haemangiomas of 

subcut/deep soft tissue: 9120/0
capillary 9131/0
cavernous 9121/0
arteriovenous 9123/0
venous  9122/0
intramuscular 9132/0
synovial 9120/0

Epithelioid haemangioma 9125/0
Angiomatosis
Lymphangioma 9170/0

Intermediate (locally aggressive)
Kaposiform haemangioendothelioma 9130/1

Intermediate (rarely metastasizing)
Retiform haemangioendothelioma 9135/1
Papillary intralymphatic angioendothelioma 9135/1

Composite haemangioendothelioma 9130/1
Kaposi sarcoma 9140/3

Malignant
Epithelioid haemangioendothelioma 9133/3
Angiosarcoma of soft tissue 9120/3

CHONDRO-OSSEOUS TUMOURS
Soft tissue chondroma 9220/0
Mesenchymal chondrosarcoma 9240/3
Extraskeletal osteosarcoma 9180/3

TUMOURS OF UNCERTAIN 
DIFFERENTIATION

Benign
Intramuscular myxoma 8840/0

(incl. cellular variant)
Juxta-articular myxoma 8840/0
Deep (‘aggressive’) angiomyxoma 8841/0
Pleomorphic hyalinizing 

angiectatic tumour
Ectopic hamartomatous thymoma 8587/0

Intermediate (rarely metastasizing)
Angiomatoid fibrous histiocytoma 8836/1
Ossifying fibromyxoid tumour 8842/0

(incl. atypical / malignant)
Mixed tumour/ 8940/1

Myoepithelioma/ 8982/1
Parachordoma 9373/1

Malignant
Synovial sarcoma 9040/3
Epithelioid sarcoma 8804/3
Alveolar soft part sarcoma 9581/3
Clear cell sarcoma of soft tissue 9044/3
Extraskeletal myxoid chondrosarcoma 9231/3

("chordoid" type)
PNET / Extraskeletal Ewing tumour

pPNET 9364/3
extraskeletal Ewing tumour    9260/3

Desmoplastic small round cell tumour 8806/3
Extra-renal rhabdoid tumour 8963/3
Malignant mesenchymoma 8990/3
Neoplasms with perivascular epithelioid 

cell differentiation (PEComa) 
clear cell myomelanocytic tumour

Intimal sarcoma 8800/3
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Soft tissue tumours: Epidemiology,
clinical features, histopathological 
typing and grading

C.D.M. Fletcher M. Sundaram
A. Rydholm J.M. Coindre
S. Singer

The large majority of soft tissue tumours
are benign, with a very high cure rate
after surgical excision. Malignant mes-
enchymal neoplasms amount to less
than 1% of the overall human burden of
malignant tumours but they are life-
threatening and may pose a significant
diagnostic and therapeutic challenge
since there are more than 50 histological
subtypes of STS, which are often associ-
ated with unique clinical, prognostic and
therapeutic features. Over the past
decade, our understanding of these neo-
plasms has increased significantly, both
from a histopathological and genetic
point of view. The close interaction of
surgical pathologists, surgeons and
oncologists has brought about a signifi-
cant increase in disease-free survival for
tumours which were previously almost
invariably fatal {1960}, the overall 5-year
survival rate for STS in the limbs now
being in the order of 65-75% {1960}.
Careful physical examination and radi-
ographic evaluation to evaluate the size,
depth and location of the mass, along
with signs of neurovascular involvement
are essential for designing the best ther-
apeutic approach.approach.

Epidemiology
Benign mesenchymal tumours outnum-
ber sarcomas by a factor of at least 100.
The annual clinical incidence (number of
new patients consulting a doctor) of
benign soft tissue tumours has been esti-
mated as up to 3000/million population
{1830} whereas the annual incidence of
soft tissue sarcoma is around 30/million
{861,1663}, i.e. less than 1 percent of all
malignant tumours. There are no data to
indicate a change in the incidence of
sarcoma nor are there significant geo-
graphic differences.  

Age and site distribution
At least one-third of the benign tumours
are lipomas, one-third fibrohistiocytic
and fibrous tumours, 10 percent vascular
tumours and 5 percent nerve sheath

tumours. There is a relation between the
type of tumour, symptoms, location and
patient’s age and gender. Lipomas are
painless, rare in hand, lower leg and foot
and very uncommon in children {1830},
multiple (angio)lipomas are sometimes
painful and most common in young men,
angioleiomyomas are often painful and
common in lower leg of middle-aged
women, whereas half of the vascular
tumours occur in patients younger than
20 years {1524}. Of the benign soft tissue
tumours 99% are superficial and 95%
are less than 5 cm in diameter {1524}.

Soft tissue sarcomas may occur any-
where but three fourths are located in the
extremities (most common in thigh) and
10 percent each in the trunk wall and
retroperitoneum. There is a slight male
predominance. Like almost all other
malignancies, soft tissue sarcomas
become more common with increasing
age; the median age is 65 years. Of the
extremity and trunk wall tumours one-
third are superficial with a median diam-
eter of 5 cm and two-thirds are deep-
seated with a median diameter of 9 cm
{861}. Retroperitoneal tumours are often
much larger before they become symp-
tomatic. One tenth of the patients have
detectable metastases (most common in
the lungs) at diagnosis of the primary
tumour. Overall, at least one-third of the
patients with soft tissue sarcoma die
because of tumour, most of them
because of lung metastases.
Three fourths of soft tissue sarcomas are
histologically classified as high grade
pleomorphic (malignant fibrous histiocy-
toma [MFH]-like) sarcoma, liposarcoma,
leiomyosarcoma, synovial sarcoma, and
malignant peripheral nerve sheath
tumours and three fourths are highly
malignant (histological malignancy-
grades 2 and 3 in three-tiered grading
systems, grades 3 and 4 in four-tiered
systems) {861}. The distribution of histo-
types varies over time and between
researchers, probably because of

changing definitions of histotypes (com-
pare the evolution of the concept of
MFH, page 120). The age-related inci-
dences vary; embryonal rhabdomyosar-
coma occurs almost exclusively in chil-
dren, synovial sarcoma mostly in young
adults, whereas pleomorphic high grade
sarcoma, liposarcoma and leiomyosar-
coma dominate in the elderly.

Aetiology
The aetiology of most benign and malig-
nant soft tissue tumours is unknown. In
rare cases, genetic and environmental
factors, irradiation, viral infections and
immune deficiency have been found
associated with the development of usu-
ally malignant soft tissue tumours. There
are also isolated reports of soft tissue
sarcomas arising in scar tissue, at frac-
ture sites and close to surgical implants
{1125}. However, the large majority of
soft tissue sarcomas seem to arise de
novo, without an apparent causative fac-
tor. Some malignant mesenchymal neo-
plasms occur in the setting of familial
cancer syndromes (see below and
Chapter 21). Multistage tumourigenesis
sequences with gradual accumulation of
genetic alterations and increasing histo-
logical malignancy have not yet been
clearly identified in soft tissue tumours.

Chemical carcinogens
Several studies, many of them from
Sweden, have reported an increased
incidence of soft tissue sarcoma after
exposure to phenoxyacetic herbicides,
chlorophenols, and their contaminants
(dioxin) in agricultural or forestry work
{607,608}. Other studies have not found
this association. One explanation for dif-
ferent findings may be the use of herbi-
cides with different dioxin contamina-
tions {4,2333}.

Radiation 
The reported incidence of post-irradia-
tion sarcoma ranges from some few per
thousand to nearly one percent. Most

12
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incidence estimates are based on breast
cancer patients treated with radiation as
adjuvant therapy {1070}. The risk
increases with dose; most patients have
received 50 Gy or more and the median
time between exposure and tumour diag-
nosis is about 10 years, although there is
some evidence that this latent interval is
decreasing. More than half of the
tumours have been classified as so-
called malignant fibrous histiocytoma,
most often highly malignant. Patients with
a germline mutation in the retinoblas-
tomas gene (RB1) have a significantly
elevated risk of developing post-irradia-
tion sarcomas, usually osteosarcomas.

Viral infection and immunodeficiency
Human herpes virus 8 plays a key role in
the development of Kaposi sarcoma and
the clinical course is dependent on the
immune status of the patient {2232}.
Epstein-Barr virus is associated with
smooth muscle tumours in patients with
immunodeficiency {1368}. Stewart-
Treves syndrome, development of
angiosarcoma in chronic lymphoedema,
particularly after radical mastectomy, has
by some authors been attributed to
regional acquired immunodeficiency
{1895}.

Genetic susceptibility 
Several types of benign soft tissue
tumour have been reported to occur on a
familial or inherited basis (for review see
Chapter 21 and reference {2242}).
However these reports are rare and com-
prise an insignificant number of tumours.
The most common example is probably
hereditary multiple lipomas (often angi-
olipomas) {1062}. Desmoid tumours
occur in patients with the familial
Gardner syndrome (including adenoma-
tous polyposis, osteomas and epidermal
cysts) {859}. Neurofibromatosis (types 1
and 2) is associated with multiple benign
nerve tumours (and sometimes also non-
neural tumours). In around 2% of the
patients with neurofibromatosis type1
malignant peripheral nerve sheath
tumours develop in a benign nerve
sheath tumour {1997}. The Li-Fraumeni
syndrome {954} is a rare autosomal dom-
inant disease caused by germline muta-
tions in the TP53 tumour suppressor
gene, which seems to be of importance
for sarcomagenesis. Half of the patients
have already developed malignant
tumours at age 30, among them, in more

than 30% of cases, soft tissue and bone
sarcomas. The inherited, or bilateral form
of retinoblastoma, with a germline muta-
tion of the RB1 locus, may also be asso-
ciated with sarcoma development.

Clinical features
Benign soft tissue tumours outnumber
sarcomas by at least 100 to 1, although it
is almost impossible to derive accurate
numbers in this regard. Most benign
lesions are located in superficial (dermal
or subcutaneous) soft tissue. By far the
most frequent benign lesion is lipoma,
which often goes untreated. Some
benign lesions have distinct clinical fea-
tures but most do not. Some non-metas-
tasizing lesions, such as desmoid-type
fibromatosis or intramuscular haeman-
gioma, require wide excision compara-
ble to a sarcoma, otherwise local recur-
rence is very frequent. Since excisional
biopsy or ‘shelling out’ of a sarcoma is
inappropriate and often may cause diffi-
culties in further patient management,
then it is generally advisable to obtain a
diagnostic biopsy (prior to definitive
treatment) for all soft tissue masses 
>5 cm (unless a very obvious subcuta-
neous lipoma) and for all subfascial or
deep-seated masses, almost irrespec-
tive of size. 
Most soft tissue sarcomas of the extrem-
ities and trunk wall present as painless,
accidentally observed tumours, which do
not influence function or general health
despite the often large tumour volume.
The seemingly innocent presentation and
the rarity of soft tissue sarcomas often
lead to misinterpretation as benign con-
ditions. Epidemiological data regarding
size and depth distribution for benign
and malignant soft tissue tumours in
Sweden have been used to formulate
simple guidelines for the suspicion of a
sarcoma: superficial soft tissue lesions
that are larger than 5 cm and all deep-
seated (irrespective of size) have such a
high risk (around 10 percent) of being a
sarcoma {1524,1830} that such patients
should ideally be referred to a special-
ized tumour centre before surgery for
optimal treatment {143,862,1831}.

Imaging of soft tissue tumours
Magnetic resonance imaging (MRI) is the
modality of choice for detecting, charac-
terizing, and staging soft tissue tumours
due to its ability to distinguish tumour tis-
sue from adjacent muscle and fat, as well

as to define relationships to key neu-
rovascular bundles. Additionally, it aids
in guiding biopsy, planning surgery, eval-
uating response to chemotherapy,
restaging, and in the long-term follow-up
for local recurrence. Although MR imag-
ing may not always reliably predict the
histological diagnosis of a mass or its
potential biologic activity, several condi-
tions can be reliably diagnosed based
on their characteristic pathological and
signal pattern, location of mass, relation-
ship to adjacent structures, multiplicity,
and clinical history. MR imaging accu-
rately defines tumour size, relationship to
muscle compartments, fascial planes,
and bone and neurovascular structures
in multiple planes; it provides information
on haemorrhage, necrosis, oedema, cys-
tic and myxoid degeneration, and fibro-
sis.
MR imaging provides better tissue dis-
crimination between normal and abnor-
mal tissues than any other imaging
modality. Most masses show a long T1
and long T2. However, there are a group
of lesions that show a short T1 and short
T2. Masses with relatively high signal
intensity on T1 are lipoma, well-differenti-
ated liposarcoma, haemangioma, suba-
cute haemorrhage, and some examples
of Ewing sarcoma/peripheral PNET.
Clumps or streaks of high signal within
the low signal intensity mass on T1-
weighted sequences might be encoun-
tered in haemangioma, myxoid liposar-
coma, infiltrative intramuscular lipoma,
and lipomatosis of nerve. Tumours that
may have a low signal on T2 include dif-
fuse-type giant cell tumour, clear-cell sar-
coma and fibromatosis. Soft tissue mass-
es that do not demonstrate tumour-spe-
cific features on MR imaging should be
considered indeterminate and biopsy
should always be obtained to exclude
malignancy. 

MRI-guided biopsy. Radiologists should
be cautious when asked to perform biop-
sies of indeterminate soft tissue tumours.
Caution has to be exercised in three
respects: Selection of an appropriate
pathway, coordination with the treating
surgeon, and participation of a patholo-
gist comfortable with interpreting percu-
taneous biopsies. The radiologist should
undertake biopsies only at the request of
the treating surgeon and not necessarily
at the request of the patient's initial physi-
cian. In collaboration with the treating
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surgeon, the needle tract (which needs
to be excised with the tumour) can be
established and the patient well served.

Spiral CT is preferable for examining sar-
comas of the chest and abdomen, since
air / tissue interface and motion artefacts
often degrade MRI quality. A baseline
chest CT scan at the time of diagnosis for
evidence of lung metastasis is important,
particularly for sarcomas >5 cm, for
accurate staging of patients. Early stud-
ies suggest that positron emission
tomography (PET) has clinical potential
by determining biological activity of soft
tissue masses {522,565,700,1293}. The
technique is selectively used for distin-
guishing benign tumours from high
grade sarcomas, pretreatment grading
of sarcomas, and evaluation of local
recurrence. Its role, vis-à-vis, MR imag-
ing which remains the mainstay, is yet to
be defined.

Biopsy
Given the prognostic and therapeutic
importance of accurate diagnosis, a
biopsy is necessary (and appropriate) to
establish malignancy, to assess histolog-
ical grade, and to determine the specific
histological type of sarcoma, if possible.
A treatment plan can then be designed
that is tailored to a lesion’s predicted pat-
tern of local growth, risk of metastasis,
and likely sites of distant spread. A large
enough sample from a viable area of sar-
coma is usually required for definitive
diagnosis and accurate grading. Most
limb masses are generally best sampled
through a longitudinally oriented incision,
so that the entire biopsy tract can be
completely excised at the time of defini-
tive resection. An incisional biopsy with
minimal extension into adjacent tissue
planes is the ideal approach for most
extremity masses. Excisional biopsy
should be avoided, particularly for
lesions greater than 2 cm in size, since
such an approach will make definitive re-
excision more extensive due to the con-
tamination of surrounding tissue planes.
For deep-seated lesions, a core biopsy
approach may be used to establish a
diagnosis, however, the limited tissue
obtained with this technique may make
definitive grading and prognostication
difficult. Fine needle aspiration (FNA)
cytology is generally best limited to those
centres with a high case volume and with
a well-integrated multidisciplinary team,

since careful clinicoradiologic correlation
and considerable experience are
required in order to make accurate diag-
noses. A particular problem with needle
biopsies and FNA is the inevitability of
limited sampling, which impacts not only
diagnostic accuracy but also the possi-
bility of triaging tissue for ancillary diag-
nostic techniques such as cytogenetics
and electron microscopy.

Terminology regarding biological
potential
As part of this new WHO classification of
Soft Tissue Tumours, the Working Group
wished to address the problems which
have existed regarding definition of a
lesion’s biological potential, particularly
with regard to the current ambiguity of
such terms as ‘intermediate malignancy’
or ‘borderline malignant potential.’ With
this goal in mind, it is recommended to
divide soft tissue tumours into the follow-
ing four categories: benign, intermediate
(locally aggressive), intermediate (rarely
metastasizing) and malignant. Definitions
of these categories are as follows:

Benign 
Most benign soft tissue tumours do not
recur locally. Those that do recur do so in
a non-destructive fashion and are almost
always readily cured by complete local
excision. Exceedingly rarely (almost cer-
tainly <1/50,000 cases, and probably
much less than that), a morphologically
benign lesion may give rise to distant
metastases. This is entirely unpre-
dictable on the basis of conventional his-
tological examination and, to date has
been best documented in cutaneous
benign fibrous histiocytoma.

Intermediate (locally aggressive)
Soft tissue tumours in this category often
recur locally and are associated with an
infiltrative and locally destructive growth
pattern. Lesions in this category do not
have any evident potential to metastasize
but typically require wide excision with a
margin of normal tissue in order to
ensure local control. The prototypical
lesion in this category is desmoid fibro-
matosis.

Intermediate (rarely metastasizing)
Soft tissue tumours in this category are
often locally aggressive (see above) but,
in addition, show the well-documented
ability to give rise to distant metastases

in occasional cases. The risk of such
metastases appears to be <2% and is
not reliably predictable on the basis of
histomorphology. Metastasis in such
lesions is usually to lymph node or lung.
Prototypical examples in this category
include plexiform fibrohistiocytic tumour
and so-called angiomatoid fibrous histio-
cytoma.

Malignant 
In addition to the potential for locally
destructive growth and recurrence,
malignant soft tissue tumours (known as
soft tissue sarcomas) have significant
risk of distant metastasis, ranging in most
instances from 20% to almost 100%,
depending upon histological type and
grade. Some (but not all) histologically
low grade sarcomas have a metastatic
risk of only 2-10%, but such lesions may
advance in grade in a local recurrence,
and thereby acquire a higher risk of dis-
tant spread (e.g., myxofibrosarcoma and
leiomyosarcoma).

FNCLCC grading system: definition of parameters

Tumour differentiation

Score 1:
sarcomas closely resembling normal adult
mesenchymal tissue (e.g., low grade
leiomyosarcoma).

Score 2:
sarcomas for which histological typing is
certain (e.g., myxoid liposarcoma).

Score 3:
embryonal and undifferentiated sarcomas,
sarcomas of doubtful type, synovial sarcomas,
osteosarcomas, PNET.

Mitotic count

Score 1: 0-9 mitoses per 10 HPF*

Score 2: 10-19 mitoses per 10 HPF

Score 3: 20 mitoses per 10 HPF

Tumour necrosis

Score 0: no necrosis

Score 1: <50% tumour necrosis

Score 2: 50% tumour necrosis

Histological grade

Grade 1: total score 2,3

Grade 2: total score 4,5

Grade 3: total score 6, 7, 8
_______________
Modified from Trojani et al. {2131}.
PNET: primitive neuroectodermal tumour
*A high power field (HPF) measures 0.1734 mm2
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It is important to note, that in this new
classification scheme, the intermediate
categories do not correspond to histo-
logically determined intermediate grade
in a soft tissue sarcoma (see below), nor
do they correspond to the ICD-O/1 cate-
gory described as uncertain whether
benign or malignant. The locally aggres-
sive subset with no metastatic potential,
as defined above, are generally given
ICD-O/1 codes , while the rarely metasta-
sizing lesions are given ICD-O/3 codes.

Histological grading of 
soft tissue sarcomas
The histological type of sarcomas does
not always provide sufficient information
for predicting the clinical course and
therefore for planning therapy. Grading,
based on histological parameters only,
evaluates the degree of malignancy and
mainly the probability of distant metasta-
sis. Staging, based on both clinical and
histological parameters, provides infor-
mation on the extent of the tumour.
The concept of grading in STS was first
properly introduced by Russell et al in
1977 {1826}, and was the most important
factor of their clinico-pathological classi-
fication. Several grading systems, based
on various histological parameters, have
been published and proved to correlate
with prognosis {401,1335,1525,2131,
2183}. The two most important parame-
ters seem to be the mitotic index and the
extent of tumour necrosis {401,2131,
2183}. A three-grade system is recom-
mended, retaining an intermediate histo-
logical grade (grade 2) of malignancy.
Grade particularly indicates the probabil-
ity of distant metastasis and overall sur-
vival {50,155,385,773,930,1335,1711,
1833}, but is of poor value for predicting
local recurrence which is mainly related
to the quality of surgical margins.
Moreover, the initial response to
chemotherapy has been reported to be
better in patients with a high grade
tumour than in patients with a low grade
one {385,672}.
The two most widely used systems are
the NCI (United States National Cancer
Institute) system {401,402} and the
FNCLCC (French Fédération Nationale
des Centres de Lutte Contre le Cancer)
system {385,386,387,851,2131}.
According to the methodology defined in
1984 {401} and refined in 1999 {402}, the
NCI system uses a combination of histo-
logical type, cellularity, pleomorphism

and mitotic rate for attributing grade 1 or
3. All the other types of sarcomas were
classified as either grade 2 or grade 3
depending on the amount of tumour
necrosis, with 15% necrosis as the
threshold for separation of grade 2 and
grade 3 lesions.
The FNCLCC system is based on a score
obtained by evaluating three parameters
selected after multivariate analysis of
several histological features: tumour dif-
ferentiation, mitotic rate and amount of

tumour necrosis {2131}. A score is attrib-
uted independently to each parameter
and the grade is obtained by adding the
three attributed scores. Tumour differenti-
ation is highly dependent on histological
type and subtype {851}. The repro-
ducibility of this system was tested by 15
pathologists: the crude proportion in
agreement was 75% for tumour grade
but only 61% for histological type {387}.
Guillou et al. {851} performed a compar-
ative study of the NCI and FNCLCC sys-

Comparison of  the NCI and FNCLCC systems for the histological grading of soft tissue tumours

15

Histological type NCI grading system FNCLCC grading system

Well differentiated liposarcoma 1+(*) 1
Myxoid liposarcoma 1+ 2
High grade myxoid liposarcoma 2-(**) 3

(round cell liposarcoma) 3
Pleomorphic liposarcoma 2 3

3
Dedifferentiated liposarcoma 3
Fibrosarcoma

Well differentiated 1+ 1
Conventional 2 2
Poorly differentiated 3 3

Pleomorphic sarcoma (MFH, pleomorphic type)
With storiform pattern 2 2
Patternless pleomorphic sarcoma 3 3
With giant cells 3
With prominent inflammation 3

Myxofibrosarcoma (MFH, myxoid-type) 1+
2 2
3

Leiomyosarcoma
Well differentiated 1+ 1
Conventional 2 2
Poorly differentiated / pleomorphic / epithelioid 3 3

Pleomorphic rhabdomyosarcoma 2
3 3

Embryonal / alveolar rhabdomyosarcomas 3 3
Myxoid chondrosarcoma 1

2
3

Mesenchymal chondrosarcoma 3 3
Osteosarcoma 3 3
Ewing sarcoma / PNET 3 3
Synovial sarcoma 2 3

3
Epithelioid sarcoma 2

3
Clear cell sarcoma 2

3
Angiosarcoma 2

3

Modified from Costa et al {401}, Costa {402} and Guillou {851}. The original diagnostic terms are shown in parentheses.
MFH: malignant fibrous histiocytoma; PNET: primitive neuroectodermal tumour.
(*) + grade is attributed by a combination of histological type, cellularity, pleomorphism and mitotic rate.
(**)- grade is attributed according to the extent of tumour necrosis (< or > 15%).
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tems on a subgroup of 410 patients. In
univariate analysis both systems were of
good prognostic value, although grade
discrepancies were observed in 34% of
the cases. In the NCI system, there were
more grade 2 tumours, and use of the
FNCLCC resulted in a better correlation
with overall and metastasis-free survival.
Because of some limitations and pitfalls
of grading, some rules must be respect-
ed in order to get the highest perform-
ance and reproducibility of the system:
>Grading should be used only for
untreated primary soft tissue sarcomas.
>Grading should be performed on rep-
resentative and well processed material. 
>Grading is not a substitute for a 
histological diagnosis and does not dif-
ferentiate benign and malignant lesions,
and, before grading a soft tissue lesion,
one must be sure that one is dealing
with a true sarcoma and not a pseu-
dosarcoma.
>Grading is not applicable to all types
of soft tissue sarcoma. Because of the
over- all rarity of STS, grade is used on
the whole group of sarcomas consid-
ered as a single entity, but the signifi-
cance of the histological parameters
used in grading systems differs for vari-
ous sarcomas. Therefore, grade is of no
prognostic value for some histological
types, such as MPNST {386,902} and its
use is not recommended for angiosar-
coma, extraskeletal myxoid chondrosar-
coma, alveolar soft part sarcoma, clear

cell sarcoma and epithelioid sarcoma
{5,851,1102} . In a recent study {386}, it
was shown that the FNCLCC grading
was the most important predictive factor
for metastasis for pleomorphic sarco-
mas, unclassified sarcomas and syn-
ovial sarcomas and the second and
third independent factor for leiomyosar-
comas and liposarcomas.
Parameters of grading must be carefully
evaluated and, particularly, mitosis
counting should be done rigorously.

Staging
Staging of soft tissue sarcomas is based
on both histological and clinical informa-
tion. The major staging system used for
STS was developed by the International
Union against Cancer (UICC) and the
American Joint Committee on Cancer
(AJCC) and appears to be clinically use-
ful and of prognostic value. This TNM
system incorporates histological grade
as well as tumour size and depth, region-
al lymph node involvement and distant
metastasis. It accommodates 2, 3, 4-
tiered grading systems. 

Therapy
Once the histological diagnosis and
grade is established and the work-up for
distant metastasis performed, a multidis-
ciplinary team of surgeons, radiation
oncologists and medical oncologists can
design the most effective treatment plan
for the patient. 

Surgery
Although surgery remains the principal
therapeutic modality in soft tissue sarco-
ma, the extent of surgery required, along
with the optimum combination of radio-
therapy and chemotherapy, remains con-
troversial. In designing a treatment plan,
the multidisciplinary team must balance
the goal of minimizing local and distant
recurrence with the aim of preserving
function and quality of life. A properly
executed surgical resection remains the
most important part of the overall treat-
ment. In general, the scope of the exci-
sion is dictated by the size of the tumour,
its anatomical relation to normal struc-
tures (e.g. major neurovascular bundles)
and the degree of function that would be
lost after operation. If severe loss of func-
tion is likely, the key question is whether
this can be minimized by use of adjuvant
/neoadjuvant radiotherapy or chemother-
apy. For subcutaneous or intramuscular
high grade soft tissue sarcoma smaller
than 5 cm, or any size low grade sarco-
ma, surgery alone should be considered
if a wide excision with a good 1-2 cm cuff
of surrounding fat and muscle can be
achieved. If the excision margin is close,
or if there is extramuscular involvement,
adjuvant radiotherapy should be added
to the surgical resection to reduce the
probability of local failure. However, irre-
spective of grade, post-operative radio-
therapy is probably used more often than
strictly necessary. In fact, Rydholm et al.
{1832} and Baldini et al. {115} have
shown that a significant subset of subcu-
taneous and intramuscular sarcomas
can be treated by wide margin excision
alone, with a local recurrence rate of only
5-10%.

Adjuvant and neoadjuvant chemotherapy
For high grade sarcomas, greater than 5
cm, there are several possible approach-
es to treatment that are based on not only
achieving good local control but also
reducing the risk of developing subse-
quent systemic metastasis. The value of
systemic chemotherapy depends on the
specific histological subset of the sarco-
ma. Chemotherapy is usually indicated
as primary "neoadjuvant" therapy in the
treatment of Ewing sarcoma and rhab-
domyosarcoma. Adjuvant chemotherapy
is indicated for these specific tumour
types, even if the primary site has been
resected, because of the very high risk of
metastasis. For other histological types

Fig. A.1 Comparison of overall survival curves for a cohort of 410 patients with soft tissue 
sarcomas graded according to the NCI and FNCLCC systems. Reproduced from Guillou et al
{851}.
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of soft tissue sarcoma the value of sys-
temic chemotherapy remains controver-
sial. The histological type and location of
disease are important predictors of sen-
sitivity to chemotherapy and thus may
help in decisions on the potential benefit
of chemotherapy. The majority of the ran-
domized chemotherapy trials have
shown no significant impact on overall
survival; however they have found that
chemotherapy does improve disease-
free survival, with improved local and
loco-regional control {3,51,64,245,612}.
The majority of these trial data came from
the era before the standard use of ifos-
famide. A single randomized trial of adju-
vant chemotherapy involving an anthra-
cycline (epirubicin) plus ifosfamide has
been performed in Italy. Although
designed to detect only differences in
disease-free survival (and with only rela-
tively short follow-up), this trial is report-
ed to show relapse-free and overall sur-
vival differences associated with sys-
temic chemotherapy administration {3}.
These results require confirmation before
adjuvant chemotherapy for all sarcomas
is accepted as standard practice. Given
the limitations of the randomized trial
data cited above and that the benefit in
systemic disease control may be rela-
tively small, the preoperative use of neo-
adjuvant chemotherapy with an anthra-
cycline and ifosfamide can be justified in
carefully selected patients with large,
high grade tumours and in certain histo-
logical types most likely to respond to
such chemotherapy (e.g. synovial sarco-
ma and myxoid/round cell liposarcoma). 

Multimodal protocols
For the treatment of large, high grade
extremity sarcomas several sequencing
schedules of chemotherapy, radiation
and surgery have been developed.
There are three general approaches
{1960}:

1. Neoadjuvant chemotherapy 
> surgery > adjuvant chemotherapy
+ post-operative radiotherapy.

2. Neoadjuvant chemotherapy 
interdigitated with preoperative
radiotherapy > surgery > adjuvant
chemotherapy

3. Neoadjuvant chemotherapy > 
preoperative radiotherapy > surgery
> adjuvant chemotherapy 

One major advantage to giving the
chemotherapy alone and directly prior to

surgery (approach 1) is the ability to
determine if the sarcoma is progressing
on therapy and thus avoid potential toxi-
city of additional adjuvant chemotherapy
in those patients who have measurable
disease that appears to be resistant to
such therapy. 

The retroperitoneal and visceral sarco-
mas represent a particularly complex
challenge for the treating physician.
Because of their large size, their tenden-
cy to invade adjacent organs, and the
difficulty in achieving a clean margin sur-
gical resection, the survival rate for

Primary tumour (T) TX: primary tumour cannot be assessed
T0: no evidence of primary tumour
T1: tumour 5cm in greatest dimension

T1a: superficial tumour*
T1b: deep tumour

T2: tumour > 5cm in greatest dimension
T2a: superficial tumour
T2b: deep tumour

Regional lymph nodes (N) NX: regional lymph nodes cannot be assessed
N0: no regional lymph node metastasis
N1: regional lymph node metastasis

Note: Regional node involvement is rare and cases in which nodal status is not assessed either
clinically or pathologically could be considered N0 instead of NX or pNX.

Distant metastasis (M) M0: no distant metastasis
M1: distant metastasis

G Histopathological Grading
Translation table for three and four grade to two grade (low vs. high grade) system

TNM two grade system       Three grade systems           Four grade systems

Low grade Grade 1 Grade 1
Grade 2

High grade Grade 2 Grade 3
Grade 3 Grade 4

Stage IA T1a N0,NX M0 Low grade
T1b N0,NX M0 Low grade

Stage IB T2a N0,NX M0 Low grade
T2b N0,NX M0 Low grade 

Stage IIA T1a N0,NX M0 High grade 
T1b N0,NX M0 High grade

Stage IIB T2a N0,NX M0 High grade
Stage III T2b N0,NX M0 High grade
Stage IV Any T N1 M0 Any grade

Any T Any N M1 Any grade
_______________________
From references {831,1979}.
Superficial tumour is located exclusively above the superficial fascia without inva-
sion of the fascia; deep tumour is located either exclusively beneath the superfi-
cial fascia, or superficial to the fascia with invasion of or through the fascia.
Retroperitoneal, mediastinal and pelvic sarcomas are classified as deep tumours.

TNM Classification of soft tissue sarcomas
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retroperitoneal sarcomas is 20-40% of
that for extremity soft tissue sarcoma.
The most important prognostic factors for
survival in retroperitoneal sarcoma are
the completeness of the surgical resec-
tion and the histological grade {1247,
1959}. Despite an aggressive surgical
approach to eradicate tumour, local con-

trol is still a significant problem that ulti-
mately leads to unresectable local dis-
ease and death in many cases. Well dif-
ferentiated and dedifferentiated liposar-
coma account for the majority of
retroperitoneal sarcomas and they fre-
quently recur locally and multi-focally
within the retroperitoneum, with distant

metastasis to lung only occurring in 20%
of those patients who have dedifferentiat-
ed high grade liposarcoma {578,937}. In
contrast, patients with retroperitoneal
high grade leiomyosarcoma often (in
greater than 50% of patients) develop
distant metastasis to liver or lung, which
is usually the limiting factor for outcome.
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CHAPTER 1

Adipocytic Tumours

Adipocytic tumours represent the largest single group of 
mesenchymal tumours, due to the high prevalence of lipomas
and angiolipomas. Liposarcomas represent the single most
common type of soft tissue sarcoma. Its principal histological
subtypes (well differentiated, myxoid, and pleomorphic) are
entirely separate diseases with different morphology, genetics,
and natural history. Most types of adipocytic neoplasm have 
distinctive karyotypic aberrations which can be of considerable
help in diagnosis. 

Principal changes and advances since the 1994 WHO classifi-
cation have been 
> the recognition that atypical lipomatous tumour and well 
differentiated liposarcoma are essentially synonymous and that
site-specific variations in behaviour relate only to surgical
resectability,  
> the inclusion of two newly characterized entities, myolipoma
and chondroid lipoma, and  
> the renaming of fibrolipomatous hamartoma of nerve as lipo-
matosis of nerve. 

Descriptions of angiomyolipoma and myelolipoma are provided
in the Urogenital and Endocrine volumes, respectively.
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Lipoma G.P. Nielsen
N. Mandahl

Definition
Lipoma is a benign tumour composed of
mature white adipocytes and is the most
common soft tissue mesenchymal neo-
plasm in adults.

ICD-O code 8850/0

Epidemiology
Conventional lipoma occurs over a wide
age range but is most common between
the ages of 40 and 60 years and is more
frequent in obese individuals {601}.
Lipomas are rare in children.
Approximately 5% of patients have multi-
ple lipomas.

Sites of involvement
Conventional lipoma can arise within
subcutaneous tissue (superficial lipoma)
or within deep soft tissues (deep lipoma)
or even on the surfaces of bone
(parosteal lipoma) {1079,1800}. Deep
seated lipomas that arise within or
between skeletal muscle fibres are
called intramuscular or intermuscular
lipomas, respectively {685,1113}.
Intramuscular lipoma arises during mid
to late adulthood and involves skeletal
muscle in a variety of locations including
the trunk, head and neck region, upper
and lower extremities {685,1113}.
Intermuscular lipoma arises between
muscles most frequently in the anterior
abdominal wall, and involves a similar
age group as the intramuscular lipoma.
So-called lipoma arborescens (villous
lipomatous proliferation of synovial mem-
brane) is characterized by fatty infiltra-
tion of the subsynovial connective tissue
and may represent a reactive process. 

Clinical features
Lipomas usually present as a painless
soft tissue mass, except for larger ones
that can be painful when they compress
peripheral nerves. Superficial lipomas
are generally smaller (<5cm) than the
deep seated ones (>5cm). Patients with
lipoma arborescens are usually adult
men that complain of gradual swelling of
the affected joint {324,837,875,1343,

1982}. Imaging studies show a homoge-
neous soft tissue mass that is isodense
to the subcutaneous tissue and demon-
strates fat saturation. Attenuated fibrous
strands can be seen but they are not as
prominent as seen in the atypical lipo-
mas. Intramuscular lipomas are more
variably circumscribed, and lipoma
arborescens shows diffuse fatty infiltra-
tion of the synovium.

Aetiology
Unknown. Lipomas are more common in
obese individuals.

Macroscopy
Grossly, lipomas are well circumscribed
and have a yellow, greasy cut surface.
Different types are basically similar in
appearance, however bone formation
can be seen in osteolipoma and grey
glistening nodules may be seen in chon-
drolipoma. Intramuscular and intermus-
cular lipoma do not show any specific
gross features except that a portion of
skeletal muscle is often attached to the
periphery of the tumour. In lipoma arbor-
escens the entire synovium assumes a
nodular and papillary appearance and
has a bright yellow cut surface.

Histopathology
Conventional lipoma is composed of lob-
ules of mature adipocytes. The cells are
identical to the surrounding adipose tis-
sue except for slight variation in the size
and shape of the cells in lipomas.
Lipomas can occasionally have areas of
bone formation (osteolipoma), cartilage
(chondrolipoma), abundant fibrous tis-
sue (fibrolipoma), or extensive myxoid
change (myxolipoma). Intramuscular
lipoma may be either well demarcated
from the surrounding skeletal muscle or,
more often, shows an infiltrative growth
pattern with mature adipocytes infiltrat-
ing and encasing skeletal muscle fibres
that often show evidence of atrophy. In
lipoma arbor-escens the subsynovial
connective tissue is infiltrated by mature
adipocytes; scattered inflammatory cells
are also usually present.

Immunophenotype
Mature adipocytes stain for vimentin, 
S100 protein and leptin {1610}.

Ultrastructure
Lipoma is composed of cells that have a
large, single lipid droplet compressing a
peripherally situated nucleus. 

20 Adipocytic tumours

Fig. 1.01 Image of a deep seated conventional lipo-
ma showing a well circumscribed, homogenous
tumour with the same characteristics as the adja-
cent subcutaneous fat.

Fig. 1.02 Synovial lipoma (lipoma arborescens)
demonstrating a fatty infiltration of the synovium
that assumes papillary appearance.
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Pinocytotic vesicles are present and
external lamina is seen surrounding the
cells {1110}.

Genetics
Cytogenetics
Lipomas have been analysed extensive-
ly by chromosome banding. In larger
cytogenetically investigated series, chro-
mosome aberrations have been found in
55-75% of the cases {1320,2020,2271}.
Among the abnormal tumours, about
75% show seemingly balanced kary-
otypes and in more than 50% there is a
single abnormality in at least one clone
{1477}. On average, signs of clonal evo-
lution is found in every sixth tumour.
Numerical chromosome changes are
rare and randomly distributed, and chro-
mosome numbers deviating from 46 are
exceedingly rare. The pattern of cytoge-
netic aberrations is quite heterogeneous,
but three cytogenetically defined sub-
groups have been distinguished: 1) the
major subgroup consisting of tumours
with aberrations involving 12q13-15, 2)
tumours with aberrations involving 6p21-
23, and 3) tumours with loss of material
from 13q. Patients with and without aber-
rations of 12q13-15 show no differences

with respect to age distribution and gen-
der. The frequency of abnormal kary-
otypes seems to be higher among older
patients {2020,2271}. Otherwise, no
clear, consistent correlations between
clinical and cytogenetic data have been
identified.

Tumours with 12q13-15 aberrations
About two-thirds of tumours with abnor-
mal karyotypes show aberrations of
12q13-15, which has been found to
recombine with a large number of bands
in all chromosomes except 16 and Y. The
preferred rearrangement, seen in more
than 20% of tumours with 12q13-15 aber-
rations, is t(3;12)(q27-28;q13-15). Other
recurrent recombination partner regions,
present in 3-7% of these tumours, are
1p36, 1p32-34, 2p22-24, 2q35-37, 5q33,
11q13, 12p11-12, 12q24, 13q12-14,
17q23-25, and 21q21-22. The majority of
these aberrations originate through
translocations or insertions. One in six of
these tumours show more or less com-
plex intrachromosomal rearrangements -
including primarily inversions, but also
deletions and duplications - leading to
recombination between 12q13-15 and
other segments of chromosome 12, pri-
marily 12p11-12 and 12q24. 

Tumours without 12q13-15 aberrations
Among these tumours, constituting one-
third of lipomas with acquired chromo-
some aberrations, all chromosomes
except 20 have been involved, but the
only distinct clustering of breakpoints
seen is to 6p21-23, 13q11-22, and, less
often, 12q22-24, together constituting
about half of this group of tumours.
Involvement of 6p21-23, mostly in the
form of seemingly balanced transloca-
tions, has been found in more than 20%
of these tumours. The only recurrent
translocation partner has been 3q27-28
in two cases. Aberrations affecting the
long arm of chromosome 13 are domi-
nated by deletions, which have been
found in slightly less than 20% of the
cases. Most aberrations are interstitial
deletions with breakpoints in 13q12-14
and 13q22, respectively. There is an
overlap between 6p21-23 rearrange-
ments and 13q deletions, with some
tumours showing both aberrations, but
more often these aberrations occur as
sole anomalies. 
Simultaneous involvement of 6p21-23
and 12q13-15 is uncommon, in contrast
to the coexistence of 12q13-15 aberra-
tions and 13q losses. In tumours with
combinations of 6p, 12q, and 13q aber-
rations, 13q is mostly involved in bal-

Fig. 1.05 A Synovial lipoma (lipoma arborescens).
The entire synovium is bright yellow and has a
nodular or papillary appearance. B Synovial lipoma
(lipoma arborescens). The subsynovial connective
tissue has been replaced by mature adipocytes.
Note also scattered chronic inflammatory cells.

A

B

BA
Fig. 1.03 Conventional lipoma. A Grossly, the tumour is well circumscribed and has a homogenous yellow cut
surface. B The mature adipocytes vary only slightly in size and shape and have small eccentric nuclei.

BA
Fig. 1.04 Intramuscular lipoma. A This intramuscular lipoma appears well circumscribed from the adjacent
skeletal muscle (right). B Mature adipocytes infiltrate and encase skeletal muscle fibres.

21Lipoma
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anced translocations when recombining
with 6p21-23 or 12q13-15, whereas dele-
tions in 13q are predominating when
aberrations of 6p21-23 or 12q13-15 are
present but recombine with other chro-
mosome segments. 
Among tumours without rearrangements
of 12q13-15 or 6p21-23 or loss of 13q
sequences, one-fifth of the breakpoints
coincide with those recurrently recom-
bining with 12q13-15. 

Molecular genetics
The HMGIC (a.k.a. HMGA2) gene,
encoding a family member of the high
mobility group of proteins, located in
12q15 is affected in at least some lipo-
mas with rearrangements of 12q13-15
{90,1890}. In tumours with t(3;12)(q27-
28;q13-15), the consequence at the
molecular level is the formation of a
fusion gene involving HMGIC and LPP in
3q27-28, a member of the LIM protein
gene family {1696}. In addition, this
fusion gene has been observed in a few
cases with complex karyotypic changes
including 12q13-15 but not 3q27-28 and
in cases with normal karyotypes, indicat-
ing that cytogenetic analysis underesti-

mates the frequency of tumours with
recombination between these two chro-
mosome segments {1696}. In all cases,
the chimeric HMGIC/LPP transcript is
expressed, whereas the reciprocal
LPP/HMGIC transcript is expressed only
occasionally. Alternative fusion tran-
scripts, encoding the three DNA binding
AT-hook domains of HMGIC and two or
three LIM domains of LPP have been
reported, thus excluding the 3´ acidic,
protein-binding domain and the N-termi-
nal leucine-zipper motif, respectively.
The preferred breakpoints are in the
large intron 3 of HMGIC and LPP intron 8.
The chimeric transcript is not unique for
lipomas of the soft tissues but has also
been detected in parosteal lipoma and
pulmonary chondroid hamartoma
{1698,1803}.
Rearrangement of HMGIC has been
detected also in tumours with changes
involving 12q13-15 and other chromo-
some segments. In a single case of lipo-
ma with t(12;13)(q13-15;q12), an
HMGIC/LHFP fusion transcript has been
reported {1697}. Also in this case, the
breakpoint was in HMGIC intron 3. In
lipomas with recombination between

12q13-15 and 12p11, due to inversion,
fusion of putative but yet unidentified
gene sequences in 12p11 with HMGIC
was found {1081}, and ectopic
sequences mapping to chromosome 15
have been implicated {90}. Possibly, the
related HMGIY (HMGA1B) gene is the
target, directly or indirectly, in lipomas
with 6p21-23 aberrations; split FISH sig-
nals, using probes covering HMGIY,
have been reported in cases with translo-
cations involving 6p {1082,2083}.
Transcriptional activation of HMGIC or
HMGIY is indicated by immunohisto-
chemical studies, and correlates well
with cytogenetic findings of breakpoints
in the regions where these two gene loci
are located {2083}. 

Prognostic factors
The subclassification of conventional
lipoma does not have any prognostic sig-
nificance except for the infiltrating intra-
muscular lipoma that has a higher local
recurrence rate, therefore total removal of
the involved muscle or a compartmental
resection has been suggested for these
infiltrating tumours in order to minimize
local recurrence {206}.

BA
Fig. 1.06  A Karyotype from a lipoma showing the most common structural rearrangement, a translocation t(3;12)(q27;q15). B Lipoma with t(12;21)(q15;q22) as the sole chro-
mosomal aberration. Arrowheads indicate breakpoints.
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Lipomatosis G.P Nielsen
A.E. Rosenberg

Definition
Lipomatosis is a diffuse overgrowth of
mature adipose tissue. It occurs in a vari-
ety of clinical settings and can affect dif-
ferent anatomic regions of the body.

ICD-O code 8850/0

Synonyms
Madelung disease, Launois-Bensaude
syndrome.

Epidemiology
Diffuse lipomatosis usually occurs in
individuals under 2 years of age but it
may also arise in adults {1574}. Pelvic
lipomatosis most frequently affects black
males who range in age from 9 to 80
{839,944,1135}. Symmetric lipomatosis
develops in middle aged men of
Mediterranean origin. Many patients
have a history of liver disease or exces-
sive alcohol consumption. Steroid lipo-
matosis manifests in patients on hormon-
al therapy or have increased endoge-
nous production of adrenocortical
steroids. HIV lipodystrophy is frequently
seen in AIDS patients treated with pro-
tease inhibitors but is also seen in
patients receiving other forms of anti-
retroviral therapy {234,1175}.

Sites of involvement
Diffuse lipomatosis involves the trunk,
large portion of an extremity, head and
neck, abdomen, pelvis or intestinal tract.
It may be associated with macrodactyly
or gigantism of a digit {836,1365,1616}.
Symmetric lipomatosis manifests as
symmetric deposition of fat in the upper
part of the body particularly the neck. In
pelvic lipomatosis there is diffuse over-
growth of fat in the perivesical and
perirectal areas. Steroid lipomatosis is
characterized by the accumulation of fat
in the face, sternal region or the upper
middle back (buffalo hump). HIV-lipody-
strophy typically shows the accumulation
of visceral fat, breast adiposity, cervical
fat pads, hyperlipidemia, insulin resist-
ance as well as fat wasting in the face
and limbs {400,1461}.

Clinical features
In most forms of lipomatosis the patients
present with massive accumulation of fat
in the affected areas that may mimic a
neoplasm. Additionally patients with
symmetric lipomatosis can have neu-
ropathy and central nervous system
involvement {1541,1712}. Accumulation
of fat in the lower neck areas in these
patients can also cause laryngeal
obstruction, and compression of the

vena cava. Patients with pelvic lipomato-
sis frequently complain of urinary fre-
quency, perineal pain, constipation, and
abdominal and back pain. Bowel
obstruction and hydronephrosis may
eventually develop. Imaging studies in
all forms of lipomatosis show accumula-
tion of fat and are only helpful in deter-
mining the extent of its accumulation and
excluding other processes.

Aetiology
The basic mechanism underlying lipo-
matosis is not well understood. In sym-
metric lipomatosis point mutations in
mitochondrial genes have been implicat-
ed in its pathogenesis {1140}. The simi-
larity between HIV lipodystrophy and
benign symmetric lipomatosis suggests
a similar pathogenesis in that mitochon-
drial DNA damage may be induced by
the drugs being used to treat HIV
{153,400}.

Macroscopy
The gross appearance of lipomatosis is
the same for all of the different subtypes.
The lesions consist of poorly circum-
scribed aggregates of soft yellow fat that
is identical in appearance to normal fat.
The only differences are the site of
involvement and the distribution of the
fat.

Histopathology
All of the different types of lipomatosis
have identical morphologic features,
consisting of lobules and sheets of
mature adipocytes that may infiltrate

Fig. 1.07 Lipomatosis presenting as diffuse
enlargement of the lower leg in an infant

Fig. 1.08 Patient showing typically symmetrical,
massive expansion of the neck.

Fig. 1.09 Diffuse lipomatosis showing extensive
skeletal muscle infiltration of mature adipocytes.
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other structures such as skeletal muscle.
Immunophenotype
The adipose tissue stains for vimentin
and S-100, similar to normal fat.

Ultrastructure
The adipocytes have the features of
white fat.

Genetics
An association with several genetic dis-
orders has been reported, and an auto-
somal dominant inheritance is suggested
{1377}.

Prognostic factors
All idiopathic forms of lipomatoses have
a tendency to recur locally after surgery.

The treatment is palliative surgical
removal of excess fat. Massive accumu-
lation of fat in the neck region may cause
death due to laryngeal obstruction. The
fat in steroid lipomatosis regresses after
steroid levels have been lowered.
Experimental drugs such as recombinant
growth hormones have been used to
treat HIV-lipodystrophy. 

Lipomatosis of nerve G.P. Nielsen

Definition
Lipomatosis of nerve is characterized by
infiltration of the epineurium by adipose
and fibrous tissue. The tissue grows be-
tween and around nerve bundles thereby
causing enlargment of the affected nerve.

ICD-O code 8850/0

Synonyms and historical annotations
Fibrolipomatous hamartoma, lipofibro-
ma, fibrolipomatosis, intraneural lipoma
of the median nerve, perineural lipoma,
median nerve lipoma, macrodystrophia
lipomatosa, neural fibrolipoma.

Epidemiology
Lipomatosis of nerve is frequently first
noted at birth or in early childhood, but

patients may not present for treatment
until early or mid adulthood. In the
largest reported series the patients
ranged in age from 11 to 39 years.
Because the constituent tissues are
normal components of the epineurium,
some have considered this lesion to be
a hamartoma of the nerve sheath {445,
2103}. In some cases it is associated
with macrodactyly of the digits inervat-
ed by the affected nerve.
Associated macrodactyly was present
in approximately 1/3 of patients,
including 5 females and 2 males
{1952}. Females predominate when
lipofibroma is accompanied by macro-
dactyly, whereas males are more com-
monly affected when macrodactyly is
absent.

Sites of involvement
The median nerve and its digital branch-
es are most commonly affected followed
by the ulnar nerve {189,1952}. The
process has also been reported to
involve unusual sites such as the cranial
nerves and the brachial plexus
{176,1726}.

Clinical features
Patients present with a gradually enlarg-
ing mass in the affected area that may be
asymptomatic or associated with motor
or sensory deficits. Patients with macro-
dactyly have symmetrical or asymmetri-
cal enlargement of the affected finger(s)
with enlargement of the involved bones.
Imaging studies show fusiform enlarge-
ment of the nerve with fatty infiltration

B CA
Fig. 1.10 Lipomatosis of nerve. A A clinical picture showing macrodactyly of the second and third fingers. B An intraoperative view of lipomatosis of nerve showing
a transition between the normal nerve (left) and the affected area (right). C Cross section reveals nerve bundles entrapped within fibroadipose tissue.
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{474} and MRI findings are virtually
pathognomonic {1336}. 

Aetiology
The aetiology is unknown. Lipomatosis of
nerve is not associated with any syn-
drome nor is there any known hereditary
predisposition.

Macroscopy
Grossly there is fusiform enlargement of
the nerve by yellow fibrofatty tissue,
which is generally confined within the
epineurial sheath.

Histopathology
The epineurial and perineurial compart-
ments of the enlarged nerve are infiltrat-
ed by mature adipose tissue admixed
with fibrous tissue which dissects
between and separates individual nerve
bundles {1952}. Concentric perineurial
fibrous tissue is a prominent feature. The
affected nerve may also show other
changes such as perineural septation,
microfascicle formation and pseudo-
onion bulb formation mimicking an intra-
neural perineurioma {1882}. Metaplastic
bone formation is rarely present {551}.

Immunophenotype
Immunohistochemical studies are not
helpful in diagnosing this lesion as all of
its components are seen in normal
nerves.

Ultrastructure
There are no characteristic ultrastructur-
al findings. The nerve bundles demon-
strate onion bulblike formations with one
or two nerve fibres and peripheral per-
ineural cells {99}.

Prognostic factors
Lipomatosis of nerve is a benign lesion
with no effective therapy. Surgical exci-
sion usually causes severe damage of
the involved nerve. Division of the trans-
verse carpal ligament may relieve neuro-
logical symptoms.

Fig. 1.11  A Epineural infiltration of fibroadipose tissue separating nerve bundles. B The nerves show pseudoo-
nion bulb formation and perineural fibrosis.

A

B
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Lipoblastoma / Lipoblastomatosis R. Sciot
N. Mandahl

Definition
A lobulated, localized (lipoblastoma) or
diffuse (lipoblastomatosis) tumour,
resembling fetal adipose tissue.

ICD-O code 8881/0

Synonyms
Foetal lipoma, embryonic lipoma, infan-
tile lipoma.

Epidemiology
Both tumours are most commonly found
in the first three years of life. They may
occasionally be present at birth or in
older children. There is a male predilec-
tion {348,391,1410,2196}.

Sites of involvement
The extremities are most commonly
involved, but locations in the medi-
astinum, retroperitoneum, trunk, head &
neck, and various organs (lung, heart,
parotid gland) have been described
{273,500,525,1002,1010,1177,1192,
1352,1654,1713,1720,1762,2134,2149}.

Clinical features
Most patients present with a slowly growing
soft tissue nodule/mass, well circumscribed
and confined to the subcutis in case of
lipoblastoma, infiltrating the deeper muscle
in case of lipoblastomatosis. Depending on
the location, the tumour may compress
adjacent structures, such as the trachea.
Imaging reveals a mass with adipose tis-
sue density, but does not allow distinction
from lipoma and liposarcoma {1777}.

Macroscopy
Notwithstanding exceptions, lipoblas-
tomas are relatively small lesions (2-5
cm), showing fatty looking tissue with
gelatinous areas. 

Histopathology
Lipoblastoma shows a lobulated appear-
ance with an admixture of mature and
immature adipocytes, the latter corre-
sponding to lipoblasts in various stages
of development. Depending on the age
of the patient, lipoblasts may be very
scarce. Connective tissue septa sepa-
rate the lobules. The lobulation is less
prominent in lipoblastomatosis, in which
entrapped muscle fibres frequently
occur. The matrix can be quite myxoid,
with a plexiform vascular pattern, thus
mimicking myxoid liposarcoma. The lat-
ter tumour, which is exceptionally rare
under the age of 10, usually shows
nuclear atypia and does not show the
pronounced lobulated pattern of
lipoblastoma {223}. However, in rare
cases molecular genetic analysis may
be required for definitive distinction.
Occasionally, lipoblastoma(tosis) may
show extramedullary haematopoiesis or
cells resembling brown fat. Cellular mat-
uration has been described, leading to a
lipoma-like picture. When fascicles of
primitive mesenchymal cells are present
in the septa, lipoblastoma resembles
infantile lipofibromatosis or infantile fibro-
matosis {658}. The lobulated aspect, the
at least focal myxoid stroma and plexi-
form capillaries, as well as the over-

whelming fat component with lipoblasts,
help to separate lipoblatoma(tosis) from
these lesions.

Ultrastructure
Lipoblastoma(tosis) strongly resembles
normal developing fat, with a spectrum
ranging from primitive mesenchymal
cells to multivacuolated lipoblasts and
mature lipocytes {223}.

Genetics
Typically, lipoblastomas have simple,
pseudodiploid karyotypes with structural
chromosome aberrations. The character-
istic cytogenetic feature is rearrange-
ment of 8q11-13, which has been found
in the vast majority of cases. The only
chromosome segments that, so far, have
been found to be involved in recurrent
recombinations with 8q11-13 are 3q12-
13, 7p22, and 8q24, but several other
chromosome segments have been the
translocation partners in single cases.
Numerical changes are rare, but gain of
chromosome 8 has been found in cases
with or without simultaneous rearrange-
ment of 8q11-13.
To date, two different fusion genes have
been reported to result from the chromo-
somal rearrangements, HAS2/PLAG1 in
three cases and COL1A2/PLAG1 in a
single case {945}. The PLAG1 gene is
located in 8q12, HAS2 in 8q24 and
COL1A2 in 7q22. The genomic break-
point of PLAG1 seems to be in intron1,
resulting in loss of exon 1. The entire
HAS2 5´ untranslated region is involved
in the fusion gene, which is probably
under control of the HAS2 promoter,
leading to transcriptional up-regulation
of PLAG1 and production of a full-length
PLAG1 protein. The COL1A2-PLAG1
fusion gene encodes a chimeric protein
containing the first amino acids of
COL1A2 and full-length PLAG1. These
fusion genes seem to act through a pro-
moter-swapping mechanism {105,945}.
An alternative mechanism associated
with lipoblastoma tumourigenesis may
act through excess copies of chromo-
some 8 {792}. Since +8 may be present

BA
Fig. 1.12 Lipoblastoma. A Grossly, the tumour shows vague lobularity and fibrous / gelatinous areas. 
B Low power view. Note the prominent lobulation.
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in tumours both with and without
changes of 8q12, the effect of PLAG1
rearrangement might be reinforced by
gain of chromosome 8 in some cases.
Whether the extra copies of the PLAG1
gene are normal or have point mutations
is not known. By in situ hybridization it
has been shown that split PLAG1 signals
are present in both classical, myxoid,

and lipoma-like lipoblastomas as well as
in a variety of mesenchymal cell compo-
nents, indicating the mutation to occur in
a progenitor cell that then differentiates
{792}.

Prognostic factors
Lipoblastoma(tosis) is fully benign and
malignant transformation or metastasis

does not occur. Recurrences are
described in 9% to 22% of cases, mainly
in lipoblastomatosis. Therefore wide total
excision of diffuse lesions is advised
{348,391,1410,2196}.

BA
Fig. 1.13  A Admixture of multivacuolated lipoblasts and mature adipocytes. B 315 Delicate plexiform vascular pattern and myxoid changes in lipoblastoma.
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Angiolipoma R. Sciot
N. Mandahl

Definition
A subcutaneous nodule consisting of
mature fat cells, intermingled with small
and thin-walled vessels, a number of
which contain fibrin thrombi.

ICD-O code 8861/0

Epidemiology 
Angiolipomas are relatively common and
usually appear in the late teens or early
twenties. Children and patients older
than 50 years are rarely involved. There
is a male predominance and an
increased familial incidence has been
described (5% of all cases) {230,357,
942,977,1062,1232}. The mode of inheri-
tance is not clear. 

Sites of involvement
The forearm is the most common site, fol-
lowed by the trunk and upper arm.
Spinal angiolipomas and intramuscular
haemangiomas, previously also called
‘infiltrating angiolipomas’, are different
lesions {878,2148}.

Clinical features
Angiolipomas most frequently present as
multiple subcutaneous small nodules,
usually tender to painful. There is no cor-
relation between the intensity/occur-
rence of pain and the degree of vascu-
larity {527}.

Macroscopy
Angiolipomas appear as encapsulated
yellowish to reddish nodules, most often
less than 2 cm in diameter.

Histopathology
Angiolipomas typically consist of two
mesenchymal elements: mature
adipocytes and branching capillary
sized vessels, which usually contain fib-
rin thrombi. The vascularity is more
prominent in the subcapsular area {527}.
The relative proportion of adipocytes and
vessels varies and some lesions are
almost completely composed of vascular
channels. These ‘cellular’ angiolipomas
should be distinguished from angiosar-

coma and Kaposi sarcoma {983}.
Interstitial mast cells may be prominent
and in older lesions, increased fibrosis is
present.

Genetics
With a single exception, all cytogeneti-

cally investigated tumours have had a
normal karyotype {1905}. 

Prognostic factors
Angiolipomas are always benign and
show no tendency to recur. Malignant
transformation does not occur.

Fig. 1.14 Angiolipoma. A The tumour consists of mature adipocytes and capillaries, some of which contain
microthrombi. B Cellular angiolipoma, in which the vessels predominate.

A

B
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29Myolipoma of soft tissue

Myolipoma of soft tissue J.M. Meis-Kindblom 
L.G. Kindblom

Definition
Myolipoma of soft tissue is a benign
tumour exhibiting features of mature
smooth muscle and mature adipose tis-
sue.

ICD-O code 8890/0

Synonym
Extrauterine lipoleiomyoma.

Epidemiology
Myolipoma of soft tissue is an extremely
rare lesion occurring in adults, with a
male to female ratio of 1:2 {1393}.

Sites of involvement
The majority of cases are deeply located
and involve the abdominal cavity,
retroperitoneum, and inguinal areas. The
trunk wall and extremities may also be
involved; such cases are subcutaneous
and may grow deeply to involve the
superficial muscular fascia {1393}.

Clinical features 
Most lesions present as a palpable
mass; the remainder are incidental 
findings.

Macroscopy
Deep-seated myolipomas of soft tissue
range between 10 and 25 cm in size; the
average size is 15 cm. Smaller lesions
are seen in the subcutis. A completely or
partially encapsulated lipomatous
tumour intermingles with strands and
nodules of firm white-tan, fibrillary to
whorled areas corresponding to smooth
muscle.

Histopathology
The smooth muscle component usually
dominates with a muscle to fat ratio of
2:1. Smooth muscle tends to be evenly
distributed and arranged in short fasci-
cles, resulting in a sieve-like pattern as it
traverses the fat. Individual smooth mus-
cle fibres have deeply acidophilic fibril-
lary cytoplasm that becomes
fuchsinophilic with the Masson trichrome
stain. Nuclear chromatin is evenly dis-
persed, nucleoli are inconspicuous and
no appreciable mitotic activity is seen.
Equally important is the absence of any
atypia in the mature lipomatous compo-
nent of myolipoma. Floret cells and
lipoblasts are not seen, nor are medium
calibre thick-walled blood vessels as

seen in angiomyolipoma. Sclerosis and
focal inflammation may be present in 
the fat.

Immunophenotype
Diffusely and strongly positive smooth
muscle actin and desmin immunostain-
ing confirm the presence of smooth mus-
cle in myolipoma.

Prognostic factors
Myolipoma does not recur. Complete
surgical resection is curative.

Fig. 1.15 An encapsulated myolipoma of the pelvis with
clear fatty and smooth muscle components.

BA
Fig. 1.16  A,B Mature adipose tissue and mature smooth muscle arranged in short fascicles are seen in a myolipoma of the distal extremity.
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Definition
Chondroid lipoma is a unique and
recently recognized benign adipose tis-
sue tumour containing lipoblasts, mature
fat, and a chondroid matrix. It bears a
strikingly close resemblance to myxoid
liposarcoma and extraskeletal myxoid
chondrosarcoma.

ICD-O code 8862/0

Epidemiology
Chondroid lipoma is rare and affects pri-
marily adults with a male:female ratio of
1:4 {1396} without racial predilection.

Sites of involvement
This tumour occurs most commonly in
the proximal extremities and limb girdles.
However, the trunk and head and neck
areas may also be affected. Chondroid
lipoma is often deep-seated, involving
skeletal muscle or deep fibrous connec-
tive tissues. Those cases involving the
subcutis tend to impinge on the superfi-
cial muscular fascia.

Clinical features 
The majority of patients present with a
painless mass of variable duration. There
is a recent history of enlargement in
roughly one-half of cases.
Reports of imaging studies of this lesion
are exceedingly sparse {1277,2320}.

Macroscopy
Most chondroid lipomas are 2–7 cm in
size, although cases with haemorrhage

may be significantly larger {1396}.
Tumours are typically well circumscribed
and yellowish, suggesting fatty differenti-
ation.

Histopathology
Chondroid lipoma is often encapsulated
and occasionally multilobular. Its histo-
logic hallmarks are nests and cords of
abundant uni- and multivacuolated
lipoblasts embedded in a prominent
myxoid to hyalinized chondroid matrix
admixed with a variable amount of
mature adipose tissue. The lipoblast
nuclei are small and uniform, ranging
from oval, reniform to multilobated in
shape, with evenly dispersed chromatin
and small nucleoli. The cytoplasm is fine-
ly vacuolated, containing small lipid
droplets and PAS positive glycogen.
Cells may have granular eosinophilic
cytoplasm. Chondroid lipoma is highly
vascular and not infrequently contains
haemorrhage and fibrosis. 
Toluidine blue and alcian blue stains at
controlled pHs confirm the typical pres-
ence of chondroitin sulfates in the matrix
{1116}.

Immunophenotype
Lipoblasts are weakly S100 protein posi-
tive whereas stronger staining is seen
with increasing adipocytic maturation
{1116}. Vimentin is uniformly positive in
all cells; cytokeratins are detected in rare
cases, corresponding ultrastructurally to
tonofilaments. EMA is uniformly negative.
Proliferative index with MIB1 is <1%.

Ultrastructure
Primitive cells sharing features of embry-
onal fat and embryonal cartilage are
seen, as well as lipoblasts,
preadipocytes and mature fat.
Cytoplasmic knobby protrusions are
often seen. The matrix has features
resembling cartilage, including thin fila-
ments, thin collagen fibres and numer-
ous proteoglycan particles {1116,1559}. 

Cytogenetics 
Two chondroid lipomas reported have
displayed a seemingly balanced translo-
cation, t(11;16)(q13;p12-13), in one case
as the sole anomaly {1477}. Recurrent
involvement of 11q13 has been found
also in ordinary lipoma and hibernoma.
However, in these tumour entities, 11q13
has never been found to recombine with
16p12-13 {1477}. 

Prognostic factors
Chondroid lipoma does not recur locally
or metastasize. Surgical excision is 
curative.

Chondroid lipoma L.G. Kindblom 
J.M. Meis-Kindblom 
N. Mandahl

B CA
Fig. 1.17 Chondroid lipoma. A Mature fat and nests of small lipoblasts. B High magnification shows cellular details. C Mature fat and nests of small lipoblasts in chon-
droid lipoma showing a more prominent myxoid matrix.

Fig. 1.18 EM of lipoblasts arranged in cords and a
prominent chondroid matrix.
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Spindle cell lipoma / 
Pleomorphic lipoma

M.M. Miettinen
N. Mandahl

Definition
Spindle cell and pleomorphic lipoma,
ends of a common histological spec-
trum, are circumscribed subcutaneous
lesions occurring typically on the neck
and back usually of males and com-
posed of a variable admixture of bland

spindled cells, hyperchromatic rounded
cells, and multinucleate giant cells asso-
ciated with ropey collagen.

ICD-O codes
Spindle cell lipoma 8857/0
Pleomorphic lipoma 8854/0

Sites of involvement
Spindle cell / pleomorphic lipomas occur
predominantly in the posterior neck and
shoulder area. Face, forehead, scalp,
buccal-perioral area and upper arm are
less common sites, and occurrence in
the lower extremity is distinctly rare.

Clinical features
Spindle cell / pleomorphic lipomas typi-
cally present in older men with a median
age of over 55 years, and only 10% of
patients are women {60,102,595,684,
1944}. The tumour forms an asympto-
matic, mobile dermal or subcutaneous
mass, and there is often a long history.
Rare patients have multiple lesions, and
familial occurrence has been reported,
mostly in men {633}. Spindle cell / pleo-
morphic lipomas have benign behaviour
and conservative local excision is con-
sidered sufficient. 

Macroscopy
Grossly spindle cell lipoma / pleomor-
phic lipoma forms an oval or discoid yel-
lowish to greyish-white mass depending
on the relative extent of the fatty and
spindle cell components. The tumour
often has a firmer texture than ordinary
lipoma, but some examples have a
gelatinous texture.

Histopathology
Histologically, at one end at the histolog-
ical spectrum, spindle cell lipoma is
composed of bland mitotically inactive

Fig. 1.19 Spindle cell lipoma. A The relative proportions of the adipocytic and spindle cell components are vari-
able. B Some lesions are almost devoid of adipocytes and show vague nuclear palisading. Note the typically
ropey collagen bundles.

A

B
Fig. 1.20 Spindle cell lipoma. Typical case with bland
spindle cells in a background with thick collagen
fibres and a small number of adipocytes.
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bb5_3.qxd  13.9.2006  9:40  Page 31



spindled cells arranged in parallel regis-
ters between the fat cells and associated
with thick rope-like collagen bundles.
{60,595,684,1944}. Large numbers of
mast cells are often seen in between the

spindle cells, and lymphocytes and plas-
ma cells may occur, especially in pleo-
morphic lipoma. Some spindle cell lipo-
mas show myxoid stromal change or dis-
play slit-like cleavage spaces resembling

vascular slits ("pseudoangiomatoid vari-
ant") {911}.
At the opposite end of the spectrum,
pleomorphic lipoma is characterized by
small spindled and rounded hyperchro-
matic cells and multinucleated giant cells
with radially arranged nuclei in a"floret-
like" pattern, like petals of flowers. Cases
with features intermediate between clas-
sic spindle cell lipoma and pleomorphic
lipoma quite often occur. 

Immunophenotype 
The spindle cells in both spindle cell and
pleomorphic lipomas are strongly posi-
tive for CD34 and may rarely be positive
for S100 protein {626,2059,2102}.

Cytogenetics 
Spindle cell lipomas and pleomorphic
lipomas show similar cytogenetic aberra-
tions. The karyotypes are, on average,
more complex than those found in ordi-
nary lipomas and are frequently
hypodiploid, often with multiple partial
losses, no gain of sequences, and few
balanced rearrangements. Monosomy or
partial loss of chromosomes 13 and/or 16
have been found in seven to eight out of
ten cases. Half of the tumours with
involvement of chromosome 16 have had
a breakpoint in 16q13, and all of them
have had loss of 16q13-qter. The most
frequently lost segments of chromosome
13 include 13q12 and 13q14-q22. Other
chromosome segments lost in two to
three of the ten cases are 6pter-p23,
6q15-q21, 10pter-p15, 10q23-qter, and
17pter-p13 {442}. 

Prognostic factors
These are benign lesions which only
rarely recur locally.

Fig. 1.22 Immunopositivity for CD34 is a consistent
feature of the spindle cell component.

A

Fig. 1.21 Pleomorphic lipoma. A Prominent myxoid change of the stroma is not an uncommon feature. 
B Classical example showing numerous floret-like multinucleate cells. C Some pleomorphic lipomas consist
almost entirely of mature adipocytes with admixed multinucleated stroma cells, often having floret-like nuclei.

C
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Hibernoma M.M. Miettinen 
J.C. Fanburg-Smith
N. Mandahl

Definition
Hibernoma is a rare benign adipose
tumour composed at least in part of
brown fat cells with granular, multivacuo-
lated cytoplasm. This brown fat compo-
nent is admixed in variable proportion
with white adipose tissue. Residual
brown fat, mostly seen around cervical
and axillary lymph nodes, should not be
classified as hibernoma.

ICD-O codes 8880/0

Epidemiology
Recognized since around the turn of the
century {1424}, hibernoma comprises
1.6% of benign lipomatous tumours and
approximately 1.1% of all adipocytic
tumours in AFIP files. Based on AFIP
data on 170 cases {747}, hibernoma
occurs predominantly in young adults,
with a mean age of 38 years. 60% occur
in the third and fourth decades, only 5%
occur in children 2-18 years, and 7% in

patients over 60 years. There is a slight
male predominance {747}. 

Sites of involvement
Hibernoma occurs in a wide variety of
locations. The most common site is the
thigh, followed by the trunk, upper
extremity, and head and neck. The myx-
oid and spindle cell variants tend to be
located in the posterior neck and shoul-
ders, similar to spindle cell lipoma {747}.
Less than 10% occur in the intra-abdom-
inal or thoracic cavities {19}.

Clinical features
Hibernoma is a relatively slow growing
tumour of the subcutis. At least 10% of
cases are intramuscular. Hibernomas are
usually painless. MRI reveals non-fat
septations in hibernoma, not found in
lipoma. By CT scan, hibernoma has a tis-
sue attenuation intermediate between fat
and skeletal muscle and enhances with
contrast {1172}.

Aetiology
The aetiology of hibernoma is unknown,
although many lesions arise at the sites
where brown fat is normally found in
hibernating animals and human fetus-
es/newborns {754}.

Macroscopy
The median size for hibernoma is 9.3
centimeters, range 1-24 centimeters
{747}. Hibernomas are lobular, well-
demarcated, and vary in colour from yel-
low to brown. They have a greasy, soft,
and spongy cut surface {747,1113}.

Histopathology
Histologically, hibernomas vary in the
content and appearance of the polygo-
nal brown fat cells, the associated small
capillary proliferation, and the stromal
background, resulting in six variants.
Most tumours contain large numbers of
multivacuolated brown fat cells with
abundant, granular cytoplasm and a

Fig. 1.25 Hibernoma. The pale cell variant has a pale
tinctorial quality of the multivacuolated brown fat
cells.

Fig. 1.24 Hibernoma. Detail of the eosinophilic vari-
ant with granular, multivacuolated brown fat cells
and prominent nucleoli.

Fig. 1.23 Hibernoma. The eosinophilic variant is
composed mostly of granular-appearing, multivac-
uolated brown fat cells with prominent nucleoli.
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small, central nucleus, the granular or
eosinophilic variant. The brown fat cells
vary from pale staining to variably
eosinophilic, and some cases have a
mixture of pale and eosinophilic cells, the
mixed variant, while other cases have
pure pale brown fat cells, the pale vari-
ant. Some hibernomas contain small
clusters of brown fat amidst ordinary
white fat, the "lipoma-like" variant.
Multivacuolated lipoblast-like cells are
often seen. Rare variants with myxoid
stroma (myxoid variant), or a spindle cell 

component, with thick bundles of colla-
gen fibres, scattered mast cells, and
mature adipose tissue (spindle cell vari-
ant), a hybrid between hibernoma and
spindle cell lipoma, have been
described. Mitoses are exceptional and
cytological atypia is unusual. Such fea-
tures should not be equated with malig-
nancy as the biologic behaviour of hiber-
noma is invariably benign. However,
scattered normal brown fat cells may be
found in an otherwise classic myxoid or
well differentiated liposarcoma.

Immunophenotype
Hibernoma cells are variably, sometimes
strongly, positive for S100 protein. The
spindle cell variant has a CD34 positive
spindle cell component, similar to spin-
dle cell lipoma, whereas the other hiber-
noma variants are negative for CD34
{747}.

Genetics 
Although hibernomas frequently show
somewhat more complex chromosome
changes than ordinary lipomas and
lipoblastomas, the karyotypes are near-
or pseudodiploid. The only recurrent
aberration is the involvement of 11q13-
21, most often 11q13, in structural
rearrangements, which in the majority of
cases affect three or more chromo-
somes. No chromosome band has been
involved more than once as a transloca-
tion partner. 
Metaphase FISH analyses have demon-
strated that the chromosomal rearrange-
ments are more complex than can be
detected by chromosome banding
analysis {793}. The aberrations not only
affect the obviously rearranged chromo-
some 11, but also the seemingly normal
homologue. Both heterozygous and
homozygous deletions have been
detected, with deletions comprising seg-
ments up to 4 Mb. Homozygous deletion
of the multiple endocrine neoplasia type
I tumour suppressor gene MEN1 has
been found in four of five tumours,
whereas all five hibernomas investigated
showed heterozygous loss of PPP1A
{793}. Yet, no conclusive evidence of the
pathogenetically important event is avail-
able.

Prognostic factors
Hibernoma is a benign tumour that does
not recur with complete local excision
{747}. All morphologic variants have the
same good prognosis.

Fig. 1.28 Hibernoma. Partial G-banded karyotype
showing a translocation t(11;17)(q13;p13).

del(11) der(11) der(17) 17

Fig. 1.26 Hibernoma. The myxoid variant has a myxoid background with floating brown fat cells.

Fig. 1.27 Hibernoma. The spindle cell variant, a hybrid tumour between hibernoma and spindle cell lipoma,
shows brown fat cells, mature white fat cells, scattered mast cells, bland spindled cells.
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Atypical lipomatous tumour / 
Well differentiated liposarcoma

A.P. Dei Tos
F. Pedeutour

Definition
Atypical lipomatous tumour (ALT) / well-
differentiated (WD) liposarcoma is an
intermediate (locally aggressive) malig-
nant mesenchymal neoplasm composed
either entirely or in part of a mature
adipocytic proliferation showing signifi-
cant variation in cell size and at least
focal nuclear atypia in both adipocytes
and stromal cells. The presence of scat-
tered hyperchromatic, often multinucle-
ate stromal cells and a varying number
of monovacuolated or multivacuolated
lipoblasts (defined by the presence of
single or multiple sharply marginated
cytoplasmic vacuoles scalloping an
enlarged hyperchromatic nucleus) may
contribute to the morphologic diagnosis.
Use of the term ‘atypical lipomatous
tumour’ is determined principally by
tumour location and resectability.

ICD-O code 8851/3

Terminology in clinical practice
The fact that WD liposarcoma shows no
potential for metastasis unless it under-
goes dedifferentiation led, in the late
1970s, to the introduction of terms such
as atypical lipoma or atypical lipomatous
tumour {626}, particularly for lesions aris-
ing at surgically amenable locations in
the limbs and on the trunk since, at these
sites, wide excision should usually be
curative and hence the designation ‘sar-
coma’ is not warranted. However, the
variable, sometimes controversial appli-
cation of this new terminology has repre-
sented a source of potential diagnostic
confusion {620, 1112, 2246}. Atypical
lipomatous tumour and WD liposarcoma
are synonyms describing lesions which
are identical both morphologically and
karyotypically (see below) and in terms
of biologic potential. The choice of termi-
nology is therefore best determined by
the degree of reciprocal comprehension
between the surgeon and the pathologist
to prevent either inadequate or exces-
sive treatment {486}. However, in sites
such as the retroperitoneum and medi-
astinum it is commonly impossible to
obtain a wide surgical excision margin
and, in such cases, local recurrence
(often repeated and ultimately uncon-
trolled) is almost inevitable and often
leads to death, even in the absence of
dedifferentiation and metastasis – hence,
at these sites, retention of the term WD
liposarcoma can readily be justified.
Spindle cell/pleomorphic lipoma must be

kept separated from the atypical lipoma
category as it is morphologically as well
as cytogenetically distinct, rarely recurs
and has no potential to dedifferentiate
(see page 31). 

Synonyms
Atypical lipoma, adipocytic liposarcoma,
lipoma-like liposarcoma, sclerosing
liposarcoma, spindle cell liposarcoma,
inflammatory liposarcoma.

Epidemiology
ALT/WD liposarcoma accounts for about
40-45% of all liposarcomas and therefore
represents the largest subgroup of
aggressive adipocytic neoplasms. These
lesions mostly occur in middle aged
adults with a peak incidence in the 6th
decade. Convincing examples in child-
hood are extremely rare. Males and
females are equally affected with the
obvious exception of those lesions affect-
ing the spermatic cord {588,678, 2242}.

Sites of involvement
ALT/WD liposarcoma occurs most fre-
quently in deep soft tissue of the limbs,
especially the thigh, followed by the
retroperitoneum, the paratesticular area
and the mediastinum {588, 678, 2242}.
These lesions may also arise in subcuta-
neous tissue and, very rarely, in skin. 

Clinical features
ALT/WD liposarcoma usually presents as
a deep-seated, painless enlarging mass

Fig. 1.29 Atypical lipomatous tumour / Well differ-
entiated liposarcoma. Surgical specimen showing
a well circumscribed, lobulated mass.
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B CA
Fig. 1.30 Atypical lipomatous tumour / Well differentiated liposarcoma. A Marked variation in adipocytic size is one of the most important diagnostic clues for the diag-
nosis. B The presence of atypical, hyperchromatic stromal cells represents a common finding. C A varying number of lipoblasts can be seen in well-differentiated liposar-
coma but their presence does not make (nor is required for) a diagnosis of liposarcoma.
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that can slowly attain a very large size,
particularly when arising in the retroperi-
toneum. Retroperitoneal lesions are often
asymptomatic until the tumour has
exceeded 20 cm in diameter and may be
found by chance.

Macroscopy
ALT/WD liposarcoma consists usually of
a large, usually well-circumscribed, lobu-
lated mass. In the retroperitoneum there
may be muliple discontiguous masses.
Rarely an infiltrative growth pattern may
be encountered. Colour varies from yel-
low to white (and firm) depending on the
proportion of adipocytic, fibrous and/or
myxoid areas. Areas of fat necrosis are
common in larger lesions.

Histopathology
ALT/WD liposarcoma can be subdivided
morphologically into four main subtypes:
adipocytic (lipoma-like), sclerosing,
inflammatory {2234} and spindle cell
{490}. The presence of more than one
morphological pattern in the same lesion
is common, particularly in retroperitoneal
tumors.
Microscopically, ALT/WD liposarcoma is
composed of a relatively mature
adipocytic proliferation in which, in con-
trast to benign lipoma, significant varia-
tion in cell size is easily appreciable.
Focal adipocytic nuclear atypia as well
as hyperchromasia also contributes to
the usual morphologic picture and scat-
tered hyperchromatic as well as multinu-
cleate stromal cells are often identified.
Hyperchromatic stromal cells tend to be
more numerous within fibrous septa. A
varying number (from many to none) of
monovacuolated or multivacuolated
lipoblasts may be found. It is commonly
believed that lipoblasts represent the

hallmark of any liposarcoma subtype;
however, it is important to emphasise that
the mere presence of lipoblasts does not
make (nor is required for) a diagnosis of
liposarcoma. 
Sclerosing liposarcoma ranks second in
frequency among the group of ALT/WD
liposarcoma. This pattern is most often
seen in retroperitoneal or paratesticular
lesions. Microscopically, the main histo-
logical finding is the presence of scat-
tered bizarre stromal cells, exhibiting
marked nuclear hyperchromasia and
associated with rare multivacuolated
lipoblasts set in an extensive fibrillary
collagenous stroma. As occasionally the
fibrous component may represent the
majority of the neoplasm, lipogenic areas
(which are often limited in extent) can be
easily overlooked or even missed in a
small tissue sample. Extensive sampling
of the surgical specimen is therefore
mandatory, and blocks should be taken
from any area showing variation in gross
appearance.
Inflammatory liposarcoma represents a
rare variant of ALT/WD liposarcoma,
occurring most often in the retroperi-
toneum, in which a chronic inflammatory
infiltrate predominates to the extent that
the adipocytic nature of the neoplasm
can be obscured. In such instances, the
differential diagnosis is mainly with non
adipocytic lesions such as inflammatory
myofibroblastic tumour, Castleman dis-
ease and Hodgkin as well as non-
Hodgkin lymphomas {78, 1174}. The
inflammatory infiltrate is usually com-
posed of polyphenotypic lymphoplasma-
cytic aggregates in which a B-cell phe-
notype tends to predominate. Cases
exist in which a polyclonal T-cell popula-
tion represents the main inflammatory
component. When dealing with cases in

which the adipocytic component is
scarce the presence of bizarre multinu-
cleate stromal cells represents a useful
diagnostic clue and should raise the sus-
picion of inflammatory liposarcoma. 
The spindle cell variant of ALT/WD
liposarcoma {490} is composed morpho-
logically of a fairly bland neural-like spin-
dle cell proliferation set in a fibrous
and/or myxoid background and is asso-
ciated with an atypical lipomatous com-
ponent which usually includes lipoblasts. 
An interesting albeit rare finding in
ALT/WD liposarcoma, is the presence of
heterologous differentiation. In addition
to metaplastic bone formation, a well dif-
ferentiated smooth or striated muscle
component can rarely be seen and
should be distinguished from heterolo-
gous differentiation arising in the context
of dedifferentiated liposarcoma (see
page 38) {2063}. 

Immunophenotype
Immunohistochemistry plays a very
minor role in the differential diagnosis of
ALT / WD liposarcoma. Adipocytic cells
usually exhibit S-100 protein immunore-
activity that may be helpful in highlighting
the presence of lipoblasts {493}. HMB-45
immunonegativity has proved useful in
the differential diagnosis with angiomy-
olipoma that occasionally may mimic
liposarcoma. 

Genetics
The defining genetic features of ALT/WD
liposarcoma cells are supernumerary cir-
cular ("ring") and giant rod chromo-
somes. These rings and giant markers
contain amplification of the 12q14-15
region, including the MDM2 gene, asso-
ciated with co-amplification of various
other chromosomal regions; they most

B CA
Fig. 1.31 Atypical lipomatous tumour / Well differentiated liposarcoma. A The presence of scattered bizarre stromal cells, exhibiting marked nuclear hyperchromasia
set in a fibrillary collagenous background represent the most important diagnostic feature of sclerosing variant. B Neural-like spindle cell proliferation in a fibrous and /
or myxoid background, associated with an atypical lipomatous component that usually includes lipoblasts, characterize the spindle cell variant. C Bizarre, often multinu-
cleate cells in the stroma are an important diagnostic clue in the inflammatory variant. Note the accompanying inflammatory component.
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often lack alpha-satellite centromeric
sequences.

Cytogenetics
The supernumerary ring and giant mark-
er chromosomes have been observed as
the sole change or concomitant with a
few other numerical or structural abnor-
malities {1477}. Metaphase cells are usu-
ally near-diploid but often near-tetraploid.
Random and non-random telomeric
associations are frequently observed
and may give a false impression of com-
plexity to ALT/WD liposarcoma kary-
otypes {1322}. Cells containing either
rings or giant markers or both can be
observed in the same tumour sample.
Varying stages of complexity are
observed, from the simple, classical pic-
ture of a supernumerary ring or giant
marker in addition to 46 apparently nor-
mal chromosomes up to more complex
patterns showing several copies of rings
and giant markers, telomeric associa-
tions, and other structural alterations. 

Molecular cytogenetics and genetics
The combination of fluorescence in-situ
hybridisation (FISH) using whole chromo-
some painting probes and comparative
genomic hybridisation indicates that
both supernumerary rings and giant
markers are composed of interspersed
amplified sequences consistently origi-
nating from the 12q14-15 region. A vari-
ety of other chromosomal regions, the
most frequent of which are 12q21-22 and
1q21-25, have been shown to be co-
amplified with 12q14-15 {434, 1678,
1680, 2053, 2072}. Investigations using
FISH with unique probes and Southern
blotting showed that MDM2, located in
12q14-15, was consistently amplified,
usually accompanied by amplification of
neighbouring genes, such as SAS,
CDK4, and HMGIC. This 12q14-15
amplification is not observed in lipomas
and its detection may therefore serve to
distinguish ALT/WD liposarcoma from
benign adipose tumours. More cen-
tromeric genes, located in 12q13, such
as GLI or DDIT3 (CHOP), have not been
shown to be amplified. Nuclear blebs,
anaphase bridges, and strings or
micronuclei containing the amplified
regions are frequently observed. The
TP53 gene is usually not subject to muta-
tions in ALT/WD liposarcoma {1706,

1889}. Another striking feature of
ALT/WDLPS supernumerary chromo-
somes is that they have a functional cen-
tromere, as indicated by positive labeling
with anti-CENPC antibodies that bind to
the kinetochore, but they do not contain
alpha-satellite sequences, and C-band-
ing is often negative {1962}. 

Prognostic factors
The most important prognostic factor for
ALT/WD liposarcoma is anatomic loca-
tion. Lesions located in surgically
amenable soft tissue do not recur follow-
ing complete (preferably wide) excision
with a clear margin. Tumours occurring in
deep anatomic sites such as retroperi-
toneum, spermatic cord or mediastinum
tend to recur repeatedly to the extent that
they may cause the patient’s death as a
result of uncontrolled local effects or they
may dedifferentiate and metastasise. The
ultimate risk of dedifferentiation varies
according to site and lesional duration
and is probably >20% in the retroperi-
toneum but < 2% in the limbs. Overall
mortality ranges from essentially 0% for
ALT of the extremities to more than 80%
for WD liposarcomas occurring in the
retroperitoneum if the patients are fol-
lowed up for 10-20 years. Median time to
death ranges between 6 and 11 years
{1290, 2246}.

Fig. 1.33 Metaphase spread from an atypical lipomatous tumour, showing characteristic ring chromosome.
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Fig. 1.32 Atypical lipomatous tumour / Well differ-
entiated liposarcoma. A Lipoma-like subtype. B In
the inflammatory subtype, the inflammatory infil-
trate often predominates and may obscure the
adipocytic nature of the neoplasm.

A

B
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Dedifferentiated liposarcoma A.P. Dei Tos
F. Pedeutour

Definition
Malignant adipocytic neoplasm showing
transition, either in the primary or in a
recurrence, from atypical lipomatous
tumour/well differentiated liposarcoma to
non-lipogenic sarcoma of variable histo-
logical grade, usually at least several
milimeters in diameter.

ICD-O code 8858/3

Epidemiology
Dedifferentiation occurs in up to 10% of
well differentiated (WD) liposarcomas of
any subtype, although the risk of dedif-
ferentiation appears to be higher when
dealing with deep seated (particularly
retroperitoneal) lesions and is significant-
ly less in the limbs. 
This most probably represents a time-
dependent more than a site-dependent
phenomenon. Dedifferentiated liposar-
coma affects basically the same patient
population as WD liposarcoma (see
page 35). 
No sex predilection is observed. About
90% of dedifferentiated liposarcomas
arise "de novo" while 10% occur in recur-
rences {678, 2242}. 

Sites of involvement
The retroperitoneum represents the most
common anatomic location, outnumber-
ing the soft tissue of the extremities by at
least 3:1. Other locations include the
spermatic cord and, more rarely, the
head and neck and trunk. Occurrence in
subcutaneous tissue is extremely rare
{678, 2242}. 

Clinical features
Dedifferentiated liposarcoma usually
presents as a large painless mass, which
may be found by chance (particularly in
the retroperitoneum). 
In the limbs, the history of a long-stand-
ing mass exhibiting recent increase in
size often indicates dedifferentiation.
Radiological imaging shows coexistence
of both fatty and non-fatty solid compo-
nents which, in the retroperitoneum, may
be discontiguous.

Macroscopy
Dedifferentiated liposarcoma usually
consists of large multinodular yellow
masses containing discrete, solid, often
tan-grey non-lipomatous (dedifferentiat-
ed) areas. Dedifferentiated areas often
show necrosis. The transition between
the lipomatous and the dedifferentiated
areas sometimes may be gradual.

Histopathology
The histological hallmark of dedifferenti-
ated liposarcoma is represented by the
transition from ALT/WD liposarcoma of
any type to non-lipogenic sarcoma
which, in most cases, is high grade. The
extent of dedifferentiation is variable but
most often this component is evident to
the naked eye. The prognostic signifi-
cance of microscopic foci of dedif-
ferentation is uncertain. The transition
usually occurs abruptly. However in
some cases this can be more gradual
and, exceptionally, low grade and high
grade areas appear to be intermingled.
Dedifferentiated areas exhibit a variable
histological picture but most frequently
they resemble unclassified ‘MFH’-like
pleomorphic sarcoma or intermediate to
high grade myxofibrosarcoma {1374,
2246}.
Although, originally, dedifferentiation was
characterized definitionally by high
grade morphology {617}, the concept of
low grade dedifferentiation has increas-
ingly been recognized {578,937}. Low
grade dedifferentiation is characterized
most often by the presence of uniform
fibroblastic spindle cells with mild
nuclear atypia, often organized in a fas-
cicular pattern and exhibiting cellularity
intermediate between WD sclerosing
liposarcoma and usual high grade areas.
Low grade dedifferentiation should not
be confused with WD spindle cell
liposarcoma which is invariably a
lipogenic lesion (i.e. it contains atypical
adipocytes or lipoblasts), whereas dedif-
ferentiated areas, both low and high
grade are generally non lipogenic. 
Dedifferentiated liposarcoma may exhib-
it heterologous differentiation in about 5-

10% of cases which apparently does not
affect the clinical outcome. Most often
the line of heterologous differentiation is
myogenic or osteo/chondrosarcomatous
but angiosarcomatous elements have
also been reported. A peculiar "neural-
like" or "meningothelial-like" whorling pat-
tern of dedifferentiation has recently
been described {636, 1538}. This pattern
is often associated with ossification.
Dedifferentiated liposarcoma appears to
exhibit less aggressive clinical behaviour
when compared with other high grade
pleomorphic sarcomas. Careful and
extensive sampling is therefore manda-
tory, particularly in large retroperitoneal
lesions, as the well differentiated compo-
nent may be overlooked. Additionally, it
should be noted that local recurrences of
dedifferentiated liposarcoma may be
entirely well differentiated {1374, 2246}.

Immunophenotype
Immunohistochemistry plays its main
role in permitting the recognition of diver-
gent differentiation and in excluding
other tumour types. 

Genetics
Cytogenetics
Similar to ALT/WD liposarcoma, dediffer-
entiated liposarcoma most often has ring
or giant marker chromosomes {680,794,
1389,1425,1706,1962}. However, the
number of karyotyped cases is presently
too small to establish whether significant

Fig. 1.34 Dedifferentiated liposarcoma. Note the
solid, fleshy areas with haemorrhage, indicating the
presence of a high grade component in this other-
wise well differentiated retroperitoneal liposarcoma.

38 Adipocytic tumours

bb5_4.qxd  13.9.2006  9:49  Page 38



differences between the well differentiat-
ed and dedifferentiated types exist. A
peculiarity of dedifferentiated liposarco-
ma might be the presence of multiple
abnormal clones, with one or more con-
taining supernumerary rings or large
markers {1389,1425}. 

Molecular cytogenetics and genetics 
Comparative genomic hybridization and
fluorescence in situ hybridisation analy-
ses revealed amplification of the 12q13-
21 region associated with the co-amplifi-
cation of other regions, as also observed
in WD liposarcomas {794, 1389, 1706,
1962, 2072}. Southern blot studies
showed MDM2 amplification in 5/5
retroperitoneal, but not in 4/4 non-
retroperitoneal dedifferentiated liposar-
coma cases {1706,1889}. These 4 non-
retroperitoneal cases negative for MDM2

amplification were found to have TP53
mutations, whereas in another series of
14 dedifferentiated liposarcoma, a major-
ity of which expressed MDM2, TP53
mutation was detected only in the dedif-
ferentiated component of a single case
{487}.

Prognostic factors
Dedifferentiated liposarcoma is charac-
terized by a tendency to recur locally in
at least 40% of cases. However, almost
all retroperitoneal examples seem to
recur locally if the patients are followed
for 10-20 years. Distant metastases are
observed in 15-20% of cases with an
overall mortality ranging between 28 and
30% at 5 years follow-up {937, 1374,
2246}, although this figure is undoubted-
ly much higher at 10-20 years. The most
important prognostic factor is represent-

ed by anatomic location, with retroperi-
toneal lesions exhibiting the worst clinical
behaviour. The extent of dedifferentiated
areas does not seem to predict the out-
come. Interestingly, dedifferentiated
liposarcoma, despite its high grade mor-
phology, exhibits a less aggressive clini-
cal course than other types of high grade
pleomorphic sarcoma, although the
basis for this difference is unknown {937,
1374, 2246}. Relative absence of com-
plex karyotypic aberrations as well as
integrity of the TP53 gene in most cases
(at variance with what is observed in high
grade pleomorphic sarcomas) may at
least in part explain the discrepancy
between morphology and clinical out-
come {399,487}.

BA
Fig. 1.35 Dedifferentiated liposarcoma. A Abrupt transition between well differentiated liposarcoma and high grade non lipogenic area is seen. B The morphology of the
dedifferentiated component usually overlaps with so called storiform and pleomorphic MFH.

B CA
Fig. 1.36 Dedifferentiated liposarcoma. A Often the dedifferentiated component exhibits morphologic features indistinguishable from myxofibrosarcoma. B Rarely, ded-
ifferentiated liposarcoma features a peculiar whorling growth pattern reminiscent of neural or meningothelial structures. C Approximately 5% of cases exhibit heterolo-
gous differentiation, most often myogenic. This example shows rhabdomyosarcomatous differentiation.
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Myxoid liposarcoma C. Antonescu
M. Ladanyi

Definition
A malignant tumour composed of uni-
form round to oval shaped primitive non-
lipogenic mesenchymal cells and a vari-
able number of small signet-ring
lipoblasts in a prominent myxoid stroma
with a characteristic branching vascular
pattern. Included in this category are
lesions formerly known as round cell
liposarcoma. 

ICD-O codes
Myxoid liposarcoma 8852/3
Round cell liposarcoma 8853/3

Synonyms 
Myxoid / round cell (RC) liposarcoma,
round cell liposarcoma.

Epidemiology
Myxoid liposarcoma (MLS) is the second
most common subtype of liposarcoma,
accounting for more than one third of
liposarcomas and representing about
10% of all adult soft tissue sarcomas.

Sites of involvement
MLS occurs with predilection in the deep
soft tissues of the extremities, and in
more than two-thirds of cases arises
within the musculature of the thigh. MLS
rarely arises primarily in the retroperi-
toneum or in subcutaneous tissue.

Clinical features
MLS typically occurs as a large painless
mass within the deep soft tissues of the
limbs. MLS is a disease of young adults,
with the age at presentation on average
a decade younger than with other histo-
logical subtypes of liposarcoma. It has a
peak incidence in the 4th and 5th
decades of life and, although very rare, it
is the commonest form of liposarcoma in
patients younger than 20 years old.
There is no gender predilection. MLS is
prone to recur locally and one-third of
patients develop distant metastases, but
this is dependent on the histological
grade. In contrast to other types of
liposarcoma or other myxoid sarcomas
of the extremities, MLS tends to metasta-

sise to unusual soft tissue (such as
retroperitoneum, opposite extremity, axil-
la, etc) or bone (with predilection to
spine) locations, even before spread to
lung. In a significant number of cases,
MLS patients present clinically with syn-
chronous or metachronous multifocal
disease {73}. This unusual clinical phe-
nomenon most likely represents a pat-
tern of haematogenous metastases to
other sites by tumour cells seemingly
incompetent to seed the lungs. 

Macroscopy
Grossly, MLS are well-circumscribed,
multinodular intramuscular tumours,
showing a tan, gelatinous cut surface in
predominantly low-grade tumours. In
contrast, areas of RC component, repre-
senting high-grade sarcoma, have a
white fleshy appearance. Gross evi-
dence of tumour necrosis is uncommon.

Histopathology
At low-power MLS has a nodular growth
pattern, with enhanced cellularity at the

Fig. 1.38 Myxoid liposarcoma. Gross appearance of
MLS with (A) a gelatinous cut surface in low grade
myxoid areas and (B) a yellow-white appearance in
the high grade round cell component.

A

B

Fig. 1.37 A,B Myxoid liposarcoma. CT images of multifocal myxoid liposarcoma, showing synchronous soft
tissue masses, likely representing multiple soft tissue metastases.

BA
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periphery of the lobules. There is a mix-
ture of uniform round to oval shaped
primitive nonlipogenic mesenchymal
cells and small signet-ring lipoblasts in a
prominent myxoid stroma, rich in a deli-
cate, arborising, "chicken-wire" capillary
vasculature. Frequently the extracellular
mucin forms large confluent pools, creat-
ing a microcystic lymphangioma-like or

so-called "pulmonary oedema" growth
pattern. Interstitial haemorrhage is com-
mon. Typically, MLS lacks nuclear pleo-
morphism, giant tumour cells, prominent
areas of spindling, or significant mitotic
activity. A subset of MLS shows histolog-
ical progression to hypercellular or RC
morphology, which is associated with a
significantly poorer prognosis. The RC

areas are characterized by solid sheets
of back-to-back primitive round cells with
a high nuclear/cytoplasmic ratio and
conspicuous nucleoli, with no interven-
ing myxoid stroma {677}. The RC (hyper-
cellular) areas may be composed of
close-packed relatively small cells simi-
lar to those in the myxoid areas or may
less often consist of larger rounded cells

Fig. 1.40 Histological spectrum of myxoid liposarcoma (MLS). A Characteristic "pulmonary oedema" growth pattern due to pools of stromal mucin. B Low power view of
a low grade MLS showing focal areas of increased cellularity. C High power view of a "transitional area", showing increased cellularity.  Tumour cells are not closely
packed, retaining a small amount of intercellular myxoid stroma. D Round cell MLS characterized by solid sheets of back-to-back primitive round cells with a high nuclear
/ cytoplasmic ratio and conspicuous nucleoli, with no intervening myxoid stroma.

A B

DC
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B CA
Fig. 1.39 Histological spectrum of myxoid liposarcoma (MLS). A Uniform round to oval shaped primitive nonlipogenic mesenchymal cells and a variable number of
small lipoblasts in a prominent myxoid stroma. B Signet-ring lipoblasts with multivacuolated cytoplasm. C Delicate arborizing vasculature. 
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with variable amounts of eosinophilic
cytoplasm. These two morphologic pat-
terns show no clear difference in progno-
sis but have been responsible for some
of the confusion regarding definition of
the round cell variant. The presence of
gradual transition from myxoid to hyper-
cellular/ RC areas, commonly observed
in MLS, provides strong evidence that
myxoid and RC liposarcoma represent a
histological continuum of MLS. The so-
called areas of transition are defined as
areas of increased cellularity, not reach-
ing the level of RC component and still
retaining small amount of intercellular
myxoid stroma. The existence of a mor-
phologic spectrum, in which purely myx-
oid and RC liposarcoma represent the
well and poorly differentiated compo-
nents is supported by the same recurrent
genetic alteration in both. 

Immunophenotype
Although, for most MLS cases, immuno-
histochemical studies are not needed for
establishing a correct diagnosis, it can
be useful in cases showing predominant-
ly round cell morphology. In the majority
of cases this shows a diffuse staining for
S100 protein.

Ultrastructure
Ultrastructurally the proportion of undif-
ferentiated cells, devoid of lipid droplets
and rich in clusters of vimentin-type inter-
mediate filaments, and signet-ring
lipoblasts vary from case to case.
Lipoblasts in variable stages of adipocyt-
ic maturation can be identified, contain-
ing either relatively few small lipid
droplets, or large confluent lipid droplets
that displace the nucleus to the periph-
ery. Flocculent mucoid stromal material
coating the cells and extracellular
spaces is common.

Genetics
The karyotypic hallmark of myxoid and
round cell liposarcoma is the
t(12;16)(q13;p11) present cytogenetical-
ly in more than 90% of cases {2018,
2145}. The translocation leads to the
fusion of the DDIT3 (a.k.a. CHOP) and
FUS (a.k.a. TLS) genes at 12q13 and
16p11, respectively, and the generation
of FUS/DDIT3 hybrid protein {104, 410,
1687, 1741}. In rare cases of MLS a 
variant chromosomal translocation

t(12;22)(q13;q12) has been described,
in which DDIT3 fuses instead with EWS,
a gene highly related to FUS {1641}.
FUS/DDIT3 fusion transcripts occur as
different recurrent structural variants
based on the presence or absence of
FUS exons 6 to 8 in the fusion product.
Of the possible FUS genomic break-
points, only breaks in FUS introns 5, 7,
and 8 give rise to in-frame fusion tran-
scripts joining FUS exons 5, 7, and 8,
respectively, to exon 2 of DDIT3 {1061,
1642}. Thus, three major recurrent fusion
transcript types have been reported:
type 7-2 (a.k.a. type I), seen in about
20% of cases, type 5-2 (a.k.a. type II),
seen in approximately two-thirds of
cases, and type 8-2 (a.k.a. type III), seen
in about 10% {73, 1143, 1642}.
Sequence analysis of the genomic
t(12;16) breakpoints in FUS and DDIT3
and associated functional studies sug-
gest the involvement of translin and
topoisomerase II in the process of
translocation {971,1061}.
The monoclonal origin of the synchro-
nous and/or metachronous multifocal
MLS has been confirmed by comparing
FUS/DDIT3 or EWS/DDIT3 genomic
rearrangement structure in tumours from
different sites {66}. 
The presence of the FUS/DDIT3 fusion is
highly sensitive and specific for the MLS
entity, and is absent in other morpholog-
ic mimics, such as the predominantly
myxoid well differentiated liposarcomas
of the retroperitoneum and myxofibrosar-
comas {67}. No convincing genetic evi-
dence has been provided to date to 

Fig. 1.41 Myxoid liposarcoma. Ultrastructural
appearance of signet ring lipoblast, with
microvesicular fat droplets.

Fig. 1.42 Myxoid liposarcoma. Schematic illustra-
tion of the breakpoints involved in the specific
translocations of myxoid/round cell liposarcoma,
t(12;16)(q13;p11) and t(12;22)(q13;q12).

Fig. 1.43 Myxoid liposarcoma. Karyotype showing the characteristic translocation t(12;16)(q13;p11) in a
myxoid liposarcoma. Arrowheads indicate breakpoints.
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support the concept of mixed type
liposarcoma composed of MLS and ded-
ifferentiated liposarcoma.

Prognostic factors
High histological grade, often defined as
5%RC areas, presence of necrosis, and

TP53 overexpression are predictors of
unfavourable outcome in localized MLS
{73, 1103, 1976}. The prognostic signifi-
cance of more limited hypercellularity
(transitional areas) is less certain. The
clinical outcome of multifocal MLS is
poor, regardless of its often bland or "low
grade" histological appearance. In con-
trast with some other translocation-asso-
ciated sarcomas, the molecular variabili-
ty of fusion transcripts in MLS does not
appear to have a significant impact on
histological grade or clinical outcome
{73}. Fig. 1.44 Myxoid liposarcoma. Kaplan-Meier curve showing a correlation between high histological grade

( 5%RC) and disease specific survival in patients with localized MLS (From C.R. Antonescu et al. {73}).
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Pleomorphic liposarcoma T. Mentzel
F. Pedeutour

Definition
Pleomorphic liposarcoma is a pleomor-
phic, high grade sarcoma containing a
variable number of pleomorphic
lipoblasts. No areas of atypical lipoma-
tous tumour (well differentiated liposar-
coma) or another line of differentiation
(malignant mesenchymoma) are evident.

ICD-O code 8854/3

Epidemiology
Pleomorphic liposarcoma represents the
rarest subtype of liposarcoma, account-
ing for approximately 5% of all liposarco-
mas {101} and 20% of pleomorphic sar-
comas {675}. The majority of neoplasms
arise in elderly patients (>50 years) with
an equal sex distribution.

Sites of involvement
Pleomorphic liposarcoma tends to occur
on the extremities (lower>upper limbs),
whereas the trunk and the retroperi-
toneum are less frequently affected; rare
sites of involvement include the medi-
astinum, the paratesticular region, the
scalp, the abdominal/pelvic cavities, and
the orbit {290, 489, 548, 1139, 1445,
1609}. Although most cases arise in
deep soft tissues, examples in subcutis

or rare purely dermal pleomorphic
liposarcomas have been reported {489,
548, 774}.

Clinical features
As in other deep seated sarcomas, most
patients complain of a firm, enlarging
mass; many cases have a notably short
preoperative history. In general, pleo-
morphic liposarcoma is an aggressive
mesenchymal neoplasm showing a 30%
to 50% metastasis rate and an overall
tumour associated mortality of 40% to
50% {548, 1445, 2332}. Many patients
die within a short period of time {1445},
and the lung represents the preferred
site of metastases {548}. In contrast,
dedifferentiated liposarcomas and high-
grade myxofibrosarcomas have a pro-
longed clinical course, whereas pleo-
morphic myogenic sarcomas of deep
soft tissues show an even more aggres-
sive clinical course emphasising the
need for subclassification of pleomor-
phic sarcomas.

Macroscopy
Grossly, the neoplasms are typically
described as firm, often multinodular
lesions with white to yellow cut surfaces.
In many cases myxoid areas and areas

of necrosis are noted. The majority of
neoplasms are large with a median
greatest diameter of more than 10 cm.

Histopathology
Histologically, well circumscribed, non-
encapsulated cases as well as ill defined
and infiltrative neoplasms composed of a
varying number of pleomorphic
lipoblasts in a background of a high
grade, pleomorphic sarcoma are seen.
The majority of neoplasms consist of
pleomorphic spindle shaped tumour
cells and fascicles of spindled and
smaller, round cells admixed with multin-
ucleated giant cells (similar to so called
malignant fibrous histiocytoma), as well
as pleomorphic, multivacuolated
lipoblasts, with bizarre, hyperchromatic
and scalloped nuclei. In some cases
only scattered pleomorphic lipoblasts
are found, whereas sheets of pleomor-
phic lipoblasts are evident in other 
examples. Frequently, intra- and extra-
cellular eosinophilic hyaline droplets or
globules are noted, that most likely rep-
resent lysosomal structures. Rarely a
prominent inflammatory infiltrate is evi-
dent. In a number of cases, areas with
morphological features of pleomorphic
sarcoma resembling intermediate to high

Fig. 1.45 Pleomorphic liposarcoma. Deep
seated tumour with grey-white cut surface.

Fig. 1.46 Pleomorphic liposarcoma. Pleomorphic spindle and giant cells as well as pleomorphic lipoblasts
which contain enlarged and hyperchromatic nuclei scalloped by cytoplasmic vacuoles.
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grade myxofibrosarcoma associated
with pleomorphic lipoblasts are noted.
The recently described epithelioid vari-
ant of pleomorphic liposarcoma {1445} is
composed predominantly of solid, cohe-
sive sheets of epithelioid tumour cells
with distinct cell borders, eosinophilic
cytoplasm and round to oval nuclei with
prominent nucleoli separated by narrow
fibrous septa with thin-walled 
capillaries; at least focally, lipogenic dif-
ferentiation with pleomorphic lipoblasts is
noted also in these neoplasms. The
mitotic rate is higher in the epithelioid
variant, but areas of tumour necrosis are
seen in the majority of cases irrespective
of the morphological subtype. Most
recently a small round cell variant con-
taining pleomorphic lipoblasts and small
round cells virtually indistinguishable
from round cell liposarcoma has been
proposed {1389}.

Immunophenotype
The tumour cells stain positively for
vimentin, but despite unequivocal
lipogenic differentiation S-100 protein is
seen in less than half of the cases. Some
cases of the epithelioid variant of pleo-
morphic liposarcoma show focal expres-
sion of epithelial markers, an important
finding in the differential diagnosis of
these lesions {774, 1445}.

Ultrastructure
Neoplastic cells of pleomorphic liposar-
coma contain abundant and coalescing
lipid droplets, numerous cytoplasmic
organelles and surrounding plasma
membranes {2231}.

Genetics 
Cytogenetics 
All 11 pleomorphic liposarcomas from
which karyotypic data exist have shown
high chromosome counts and complex
structural rearrangements {1425,2018}.
This complexity, represented by numer-
ous unidentifiable marker chromosomes,
non-clonal alterations, polyploidy and
intercellular heterogeneity has made the
detection of specific rearrangements dif-
ficult. The presence of ring, large marker, 
or double minute chromosomes has 

been reported in 6 of the 11 cases. The
cytogenetic profile of pleomorphic
liposarcoma appears therefore to be
closer to other pleomorphic sarcomas
than to well differentiated liposarcoma.

Molecular genetics
In contrast to well differentiated liposar-
comas, amplification of the 12q14-15
region and the MDM2 gene does not
occur consistently in pleomorphic
liposarcomas. A number of varied chro-
mosomal gains and losses but no ampli-
fication of the 12q14-15 region were
found in two cases studied by compara-
tive genomic hybridisation {2072}. The
amplification of MDM2 was observed in
approximately one third of the cases,
and could be associated with the pres-
ence of ring chromosomes {1568, 1889}.
TP53 alterations, such as mutations in
exons 7 or 8 or loss of heterozygosity,
have been observed in 4/9 studied
cases; all these 4 cases were negative
for MDM2 amplification {1889}.

Prognostic factors
Although no single morphological factor
predicts the clinical prognosis reliably,
tumour depth and size, more than 20
mitoses in 10 HPFs, and areas of tumour
necrosis are associated with a worse
clinical prognosis {548,1408,1445}.

45Pleomorphic liposarcoma

BA
Fig. 1.47 Pleomorphic liposarcoma. In some neoplasms sheets of pleomorphic lipoblasts are seen (right part,
A), whereas only scattered lipoblasts are present in other cases (B).

BA
Fig. 1.48 This retroperitoneal neoplasm shows features of a myxoid sarcoma resembling myxofibrosarcoma (A),
however, focally, lipoblasts with hyperchromatic and scalloped nuclei were noted (B)

Fig. 1.49 Epithelioid variant of pleomorphic liposar-
coma, characterized by sheets and clusters of
atypical epithelioid tumour cells associated with
pleomorphic lipoblasts (upper part).
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Mixed-type liposarcoma T. Mentzel
F. Pedeutour

Definition
Liposarcomas showing features of com-
bined myxoid/round cell liposarcoma
and atypical lipomatous tumour (well dif-
ferentiated liposarcoma)/dedifferentiated
liposarcoma or of myxoid/round cell
liposarcoma and pleomorphic liposarco-
ma.

ICO-O codes
Mixed type liposarcoma 8855/3
Liposarcoma, NOS 8850/3

Epidemiology
True mixed-type liposarcomas are
exteremely rare and occur predominant-
ly in elderly patients {1416}.

Sites of involvement
Most cases of mixed-type liposarcoma
appear to arise in retroperitoneal or intra-
abdominal locations. More rarely, exam-
ples in the mediastinum and in deep soft
tissue of the extremities have been
reported {1114, 1139, 1389, 1416}.

Clinical features
The patients usually present with a large

painless tumour mass, that is noted
sometimes incidentally.

Macroscopy
Given the location, most cases of mixed-
type liposarcoma are large, and often
present as multinodular masses with
cystic and solid areas and grey-yellow
cut surfaces.

Histopathology
The occurrence of myxoid areas in the
group of atypical lipomatous tumour
(well differentiated liposarcoma)/dedif-
ferentiated liposarcoma is well recog-
nized and especially in retroperitoneal
and intraabdominal location quite com-
mon. However, in most cases, this
reflects either myxoid degeneration or
dedifferentiation with myxofibrosarcoma-
like features in atypical lipomatous
tumour (well differentiated liposarcoma)
instead of a true mixed-type liposarcoma
{67, 955, 1389}. Rare mixed-type liposar-
comas show a combination of morpho-
logical features of myxoid/round cell
liposarcoma (small undifferentiated mes-
enchymal cells, often univacuolated

lipoblasts, and round cells set in a myx-
oid matrix with mucin pooling and a
prominent plexiform capillary pattern),
pleomorphic liposarcoma (features of
pleomorphic sarcoma with a variable
number of pleomorphic lipoblasts),
and/or atypical lipomatous tumour (well
differentiated liposarcoma) (adipocytes
with marked variation in size and shape,
nuclear atypia). Cases of so called ded-
ifferentiated myxoid liposarcoma may
represent mixed-type liposarcomas
showing a combination of myxoid/round
cell liposarcoma and dedifferentiated
liposarcoma.

Genetics 
In the three karyotyped cases of mixed-
type liposarcoma, the presence of ring or
giant marker chromosomes was
observed either as the sole abnormality
{680} or in association with complex
rearrangements {794, 1389}.
Amplification of the 12q14-15 region
and, more specifically, of the MDM2
gene has been found, but not TP53
mutations {794, 1389, 1889}.

BA
Fig. 1.50 This case of a mixed type liposarcoma shows morphological features of lipoma-like atypical lipomatous tumour (well differentiated liposarcoma) (right) and myx-
oid liposarcoma (left) (A). High power view reveals small undifferentiated mesenchymal cells and lipoblasts set in a myxoid matrix with a plexiform vascular pattern in the
myxoid liposarcoma areas (B).
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bb5_4.qxd  13.9.2006  9:49  Page 46



CHAPTER 2

Fibroblastic / Myofibroblastic Tumours

Fibroblastic / myofibroblastic tumours represent a very large
subset of mesenchymal tumours. Many lesions in this category
contain cells with both fibroblastic and myofibroblastic features,
which may in fact represent functional variants of a single cell
type. The relative proportions of these cell types vary not only
between individual cases but also within a single lesion over
time (often in proportion to cellularity). A significant subset of
spindle cell and pleomorphic sarcomas are probably myofibrob-
lastic in type but, to date, only low grade forms have been repro-
ducibly characterized. Among lesions formerly known as malig-
nant fibrous histiocytoma (MFH – see Chapter 3), at least some
represent pleomorphic myofibrosarcomas.

Principal changes and advances since the 1994 WHO classifi-
cation have been the characterization of numerous previously
undefined lesions, including ischaemic fasciitis, desmoplastic
fibroblastoma, mammary-type myofibroblastoma, angiomyofi-
broblastoma, cellular angiofibroma, Gardner fibroma, low grade
fibromyxoid sarcoma, acral myxoinflammatory fibroblastic sar-
coma, sclerosing epithelioid fibrosarcoma and low grade myofi-
broblastic sarcoma.

Conceptual changes have included the clearer recognition of
solitary fibrous tumour in soft tissue and the realization that most
cases of so-called haemangiopericytoma belong in this catego-
ry, as well as the reclassification of lesions formerly labelled
myxoid MFH as myxofibrosarcoma and the definitive allocation
of these tumours to the fibroblastic category. 
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Nodular fasciitis H.L. Evans
J.A. Bridge

Definition
Nodular fasciitis is a mass-forming
fibrous proliferation that usually occurs in
the subcutaneous tissue. It is composed
of plump but uniform fibroblastic / myofi-
broblastic cells and typically displays a
loose or tissue culture-like growth pat-
tern. Intravascular fasciitis and cranial
fasciitis are histologically similar lesions
that extend into vessel lumens and
involve the skull and overlying soft tis-
sue, respectively.

Synonym
Pseudosarcomatous fasciitis.

Epidemiology
Nodular fasciitis is comparatively com-
mon among soft tissue mass lesions {39,
173,985,1136,1156,1399,1727,1940,
2000}. It occurs in all age groups but
more often in young adults. Intravascular
fasciitis {1727} and cranial fasciitis {1225}
are rare. Intravascular fasciitis is found
mostly in persons under 30 years of age,
whereas cranial fasciitis develops pre-
dominantly in infants under 2 years of
age. There is no sex predilection for nod-
ular fasciitis or intravascular fasciitis, but
cranial fasciitis is more frequent in boys.

Sites of involvement
Nodular fasciitis is usually subcuta-
neous, although occasional cases are
intramuscular. Dermal localization is very
rare {812} (see volume on skin tumours).
Any part of the body can be involved, but
the upper extremity, trunk, and head and
neck are most frequently affected.
Intravascular fasciitis is also chiefly sub-
cutaneous. It occurs in small to medium-
sized vessels, predominantly veins but
occasionally arteries (or both). Cranial
fasciitis typically involves the outer table
of the skull and contiguous soft tissue of
the scalp, and may extend downward
through the inner table into the
meninges.

Clinical features
Nodular fasciitis typically grows rapidly
and has a preoperative duration in most,

but not all, cases of not more than 1-2
months. Soreness or tenderness may be
present. It usually measures 2 cm or less
and almost always less than 5 cm.
Intravascular fasciitis may enlarge more
slowly but is also normally not more than
2 cm in size. Cranial fasciitis expands
quickly, like nodular fascitis, and may
become somewhat larger than the usual
example of the latter. When the skull is
involved, X-ray shows a lytic defect,
often with a sclerotic rim. By contrast,
nodular fasciitis presents as a nondis-
tinctive soft-tissue mass on imaging
studies, and there is little information on
imaging of intravascular fasciitis.

Aetiology
Some patients with nodular fasciitis
report trauma to the site of the lesion, but
the majority do not. Birth trauma may be
a factor in the genesis of cranial fasciitis.

Macroscopy
Grossly, nodular fasciitis may appear cir-
cumscribed or infiltrative but is not
encapsulated. The cut surface varies
from myxoid to fibrous, and occasionally
there is central cystic change.
Intravascular fasciitis ranges from nodu-
lar to plexiform, the latter contour result-
ing when there is extensive intravascular
growth. Cranial fasciitis is typically cir-

48 Fibroblastic / Myofibroblastic tumours
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Fig. 2.01 Nodular fasciitis. A This low power view illustrates the typical subcutaneous location. B Detail from
the same lesion showing infiltration of adjacent fat. C This high power view shows the typical plump but 
regular fibroblasts / myofibroblasts (From R. Kempson et al. {1086}).
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cumscribed and rubbery to firm, and
may be focally myxoid or cystic in its
centre.

Histopathology
Nodular fasciitis is composed of plump
but regular spindle-shaped fibroblasts
(or myofibroblasts) lacking nuclear
hyperchromasia and pleomorphism.
Mitotic figures may be plentiful, but atyp-
ical mitoses would not be expected. The
lesion may be highly cellular, but typical-
ly it is at least partly loose appearing and
myxoid, with a torn, feathery, or tissue
culture-like character. In more cellular
areas, there is often growth in S- or C-
shaped fascicles, and sometimes a stori-
form pattern. There is normally little colla-
gen, but this may be increased focally,
and keloidlike collagen bundles may be
present and even occasionally promi-
nent. Isolated cases may show extensive
stromal hyalinization. Extravasated red
cells, chronic inflammatory cells, and
multinucleated osteoclastlike giant cells
are other frequently identified features.
The lesional border is typically, at least
focally, infiltrative, although it may be well
delineated; peripheral extension is often
seen between fat cells in the subcutis
and between muscle cells in intramuscu-
lar locations. Small vessels are numerous
in some examples, resulting in a resem-
blance to granulation tissue, sometimes
with poorly delimited margins.
Intravascular fasciitis and cranial fasciitis
are basically similar to nodular fasciitis
histologically, although the former often
displays a greater number of osteoclast-
like giant cells. Intravascular fasciitis
ranges from predominantly extravascu-
lar, with only a minor intravascular com-
ponent, to predominantly intravascular.
Osseous metaplasia is occasionally seen
in nodular fasciitis (fasciitis ossificans)
{450,1193} and cranial fasciitis.

Immunophenotype
Stains for SMA and MSA are usually pos-
itive, but desmin positivity is rare {1497}.
These results are consistent with myofi-
broblastic differentiation but do not dis-
tinguish nodular fasciitis from many other

mesenchymal proliferations. CD68 stain-
ing is present in the osteoclast-like giant
cells and occasionally in spindle cells.
Keratin and S100 protein are typically
negative.

Ultrastructure
By electron microscopy, nodular fasciitis
demonstrates fibroblastic/myofibroblas-
tic features; the cells are elongated, have
abundant, often dilated rough endoplas-
mic reticulum, and sometimes demon-
strate cytoplasmic filaments with dense
bodies, pinocytotic vesicles, and cell
junctions. Like the immunohistochemical
profile, these findings are common to
numerous mesenchymal entities.

Genetics
Assessment of DNA ploidy in nodular
fasciitis using flow cytometry has shown
these lesions to be diploid {575,1621}. In
contrast, clonal chromosomal abnormali-
ties have been detected by cytogenetic
analysis in three cases of nodular fasci-
itis including a rearrangement of 3q21
with a group D acrocentric chromosome

in two {1869,2229}. The remaining case,
a case of nodular fasciitis arising in the
breast, exhibited a 2;15 translocation,
loss of chromosomes 2 and 13, and sev-
eral marker chromosomes {199}.
Although the observation of clonality in
these limited cases of nodular fasciitis
would appear to support true neoplastic
rather than reactive origin, it is possible
that the culturing conditions used may
favour growth of a particular clone or
type of cell. 

Prognostic factors
Recurrence of nodular fasciitis after exci-
sion is very rare. It has been observed
occasionally (<2% of cases) after incom-
plete excision of bona fide examples, but
in general recurrence should prompt
reevaluation of the diagnosis. Metastasis
does not occur. Intravascular fasciitis has
the same innocent behaviour as nodular
fasciitis, despite its sometimes prominent
intravascular growth, as does cranial
fasciitis.

BA

DC
Fig. 2.02 Nodular fasciitis. A Note the thick, keloidlike collagen bundles. B Multinucleated, osteoclastlike giant
cells are sometimes present. C Nodular fasciitis, intramuscular variant. There is a loose and "torn" appearance,
but greater fibrosis than usual in one area (upper right). D Intravascular fasciitis. The intravascular location is
demonstrated at scanning magnification (From R. Kempson et al. {1086}).
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Proliferative fasciitis and 
proliferative myositis

H.L.. Evans
J.A. Bridge

Definition
Proliferative fasciitis is a mass-forming
subcutaneous proliferation character-
ized by large ganglion-like cells in addi-
tion to plump fibroblastic / myofibroblas-
tic cells similar to those seen in nodular
fasciitis. Proliferative myositis has the
same cellular composition but occurs
within skeletal muscle.

Epidemiology
Proliferative fasciitis and myositis are
much less common than nodular fasci-
itis. Both occur predominantly in middle-
aged or older adults {349,594,1093}, i.e.,
an older age group than for nodular
fasciitis. A rare variant of proliferative
fasciitis is described in children {1395}.

Site of involvement
Proliferative fasciitis develops most fre-
quently in the upper extremity, particular-
ly the forearm, followed by the lower
extremity and trunk. Proliferative myositis
arises predominantly in the trunk, shoul-
der girdle, and upper arm and less often
in the thigh. By definition, proliferative
fasciitis is subcutaneous and prolifera-
tive myositis is intramuscular.

Clinical features
Both proliferative fasciitis and prolifera-
tive myositis characteristically grow rap-

idly and are usually excised within 2
months of the time they are first noted.
Proliferative fasciitis almost always
measures less than 5 cm and is most
often less than 3 cm. Proliferative myosi-
tis may be slightly larger but not greatly
so. Either lesion may be painful or tender,
but this is more common with prolifera-
tive fasciitis. There is not much experi-
ence with imaging of these conditions.

Aetiology
There is sometimes a history of trauma to
the site of proliferative fasciitis and
myositis, but more often there is not.

Macroscopy
Proliferative fasciitis typically forms a
poorly circumscribed mass in the subcu-
taneous tissue and may extend horizon-
tally along fascia. The rare childhood
variant is often better circumscribed.
Proliferative myositis is also poorly mar-
ginated and replaces a variable propor-
tion of the involved muscle.

Histopathology
Both proliferative fasciitis and myositis
contain plump fibroblastic/myofibroblas-
tic spindle cells similar to those seen in
nodular fasciitis but also demonstrate
large cells with rounded nuclei, promi-
nent nucleoli, and abundant amphophilic

to basophilic cytoplasm. These features
result in a resemblance to ganglion cells,
and the cells are often described as gan-
glion-like. They usually have one nucleus
but may have two or three. They vary in
number in different examples and may
be evenly or patchily distributed. Mitotic
figures are found in both the spindle cells
and ganglion-like cells and may be rela-
tively numerous, but are not atypical. The
stroma varies from myxoid to collage-
nous, and the lesional borders are typi-
cally infiltrative or even ill defined.
Proliferative fasciitis may grow laterally
along fascial planes, whereas prolifera-
tive myositis extends between individual
muscle fibres and small groups, creating
the characteristic "checkerboard" pat-
tern. The childhood variant of prolifera-
tive fasciitis normally has better delineat-
ed borders than the adult form, greater
cellularity, dominance of ganglion-like
cells and more mitoses. Focal necrosis
and acute inflammation may be present,
in addition. Proliferative myositis may
contain metaplastic bone, thus demon-
strating kinship to myositis ossificans.

Immunophenotype
The immunohistochemical profile of pro-
liferative fasciitis and myositis is similar
to that of nodular fasciitis, with usual pos-
itivity for SMA and MSA and negativity for

BA
Fig. 2.03 Proliferative fasciitis. A In this example the ganglion-like cells are larger and more prominent. B On high power the details of the ganglion-like cells are better
seen. (From R. Kempson et al. {1086}).
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desmin {574,1295}.The ganglion-like
cells, however, may stain only focally or
weakly for actins. CD68 may stain some
cells, but keratin and S100 protein are
typically negative.

Ultrastructure
As with nodular fasciitis, the ultrastructur-
al features of proliferative fasciitis and
myositis are those of fibroblasts and
myofibroblasts {574,1295}. The ganglion-
like cells demonstrate abundant and
dilated rough endoplasmic reticulum and
lack neuronal characteristics.

Genetics 
DNA flow cytometric analyses of prolifer-
ative fasciitis have revealed a uniformly
diploid pattern {574,1295}. Trisomy 2 has
been detected in a single case of prolif-
erative fasciitis by standard cytogenetic
evaluation {499}. 
Cytogenetic studies of two cases of pro-
liferative myositis have revealed distinct
abnormalities {1371,1597}. An extra
copy of chromosome 2 or trisomy 2 was
detected in one case arising in the axilla
of a 62-year-old male {1597}. The second
case, arising in the rectus muscle of a

60-year-old female, showed the following
translocation: t(6;14)(q23;q32) {1371}.
Fluorescence in situ hybridization studies
performed on uncultured cells of this 
latter case excluded the presence of 
trisomy 2.

Prognostic factors
Both proliferative fasciitis and myositis
recur only rarely after local excision and
do not metastasize.

BA
Fig. 2.04 Proliferative myositis. A Low power demonstrates the "checkerboard" pattern resulting from separation of muscle cells by the lesion. B Note the large nuclei
and abundant amphophilic cytoplasm of the ganglion-like cells (From R. Kempson et al. {1086}).

BA
Fig. 2.05  A Proliferative myositis, showing in detail the cytological features of the ganglion-like cells (From R. Kempson et al. {1086}). B Proliferative fasciitis in 
childhood. Such lesions may readily be mistaken for rhabdomyosarcoma.
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Myositis ossificans and fibroosseous
pseudotumour of digits

A.E. Rosenberg

Definition
Myositis ossificans (MO) and
fibroosseous pseudotumour of digits
(FP) are localized, self-limiting, repara-
tive lesions that are composed of reac-
tive hypercellular fibrous tissue and
bone. Morphologically similar lesions
may also occur in the subcutis, tendons
or fascia and have been termed panni-
culitis ossificans and fasciitis ossificans,
respectively. The rapid growth of these
lesions that frequently arouses clinical
suspicion in conjunction with their hyper-
cellularity, cytological atypia, and mitotic
activity makes them classic pseudosar-
comas of soft tissues.

Synonyms
Pseudomalignant osseous tumour of soft
tissue, extraosseous localized, nonneo-
plastic bone and cartilage formation,
myositis ossificans circumscripta, myosi-
tis ossificans traumatica.

Epidemiology
MO and FP have a broad age distribution
ranging from infancy to late adulthood
(14 mos-95 years), however, they are
characteristically encountered during
young adulthood (mean age 32 years),
and rarely occur in infants or the elderly
{2,13,358,1588,2054}. Males are affect-
ed more frequently than females (3:2),
however, females are more commonly
involved in FP {559}. Patients with MO
are typically physically active. 

Sites of involvement
MO may develop anywhere in the body
including the extremities, trunk, and
head and neck {2,805,1580,2054}. The
most common locations are those most
susceptible to trauma such as the elbow,
thigh, buttock, and shoulder. MO-like
lesions have also been reported in the
mesentery {2277}. FP usually affects the
subcutaneous tissues of the proximal
phalanx of the fingers and less frequent-
ly the toes {559}.

Clinical features
The clinical and radiographic findings of
MO parallel the stage of development of
the lesion. In the early phase (1-2
weeks), the involved area is swollen and
painful. Similarly, in FP the digit hurts and
there is a localized fusiform swelling of
the affected area.
Plain X-rays and CT scans of MO may
demonstrate soft tissue fullness and
oedema, whereas MRI reveals signal
heterogeneity and high signal intensity
on T2 weighted images {805,1169,
1580,1949,2277}. Two to six weeks after
the onset of symptoms, flocculent dense
calcifications become evident in the
periphery of the mass and eventually
produce a lacy pattern of bone deposi-
tion that sharply demarcates the periph-
ery of the lesion in an eggshell-like fash-
ion. In FP the lesional calcification has a
more random distribution. In MO this cor-
relates with the clinical progression for
the affected site becomes more circum-
scribed and firm and eventually evolves
into a painless, hard, well-demarcated
mass. After a prolonged period of time
the mass may remain stable or undergo
partial or complete resorption. In older
stable lesions MRI exhibits a well defined
mass that possesses a rim of low signal
intensity (mineralized bone) and con-
tains intralesional regions of higher inten-
sity representing marrow fat.

Aetiology
Soft tissue injury produced by a variety
of mechanisms is believed to be the initi-
ating event in most instances and a clear

history of trauma is documented in 60-
75% of cases {1580,1667}. In patients
without a history of trauma, repetitive
small mechanical injuries, ischaemia or
inflammation have been implicated as
possible causative factors. Initiation of
the process is followed by proliferation of
mesenchymal stem cells that produce
activated fibroblasts and osteoblasts
that grow in a centripetal fashion. The
mechanisms underlying the characteris-
tic pattern of zonation have not been
clearly elucidated. 

Macroscopy
Myositis ossificans manifests as a well
delineated ovoid tan mass with a soft

Fig. 2.06 Fibroosseous pseudotumour of digits
presenting as a red and swollen mass.

Fig. 2.07 Myositis ossificans. A Plain X-ray and (B)
cross sectional CT of a forearm lesion of approxi-
mately 6 weeks duration with a well circumscribed,
ossified periphery and a more lucent centre.

A

B
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glistening centre and a firm, grey-white
gritty periphery. The lesion ranges in size
from 2-12 cm but most are approximate-
ly 5 cm in greatest dimension.

Histopathology
Myositis ossificans is characterized by a
zonal proliferation of fibroblasts and
bone-forming osteoblastic elements that
progresses through various stages over
time {1210}. In the early stages of devel-
opment MO is most cellular, bearing a
resemblance to nodular fasciitis, and is
composed of numerous proliferating
fibroblasts that are oriented randomly or
in short intersecting fascicles. The fibrob-
lasts have ill defined, tapering cell
processes that consist of faintly
eosinophilic cytoplasm and contain
vesicular or finely granular nuclei with
smooth nuclear membranes and nucleoli
of variable size. Numerous mitoses may
be present but atypical mitotic figures
are uniformly absent. The stroma is rich-
ly vascular, oedematous or myxoid and

contains fibrin, clusters of extravasated
red blood cells, scattered chronic inflam-
matory cells, osteoclast-like giant cells
and injured or atrophic myocytes.
Peripherally, the fibroblastic component
merges with ill defined trabeculae and
sheets of unmineralized woven bone that
harbour large osteocytes and demon-
strate prominent osteoblastic rimming. In
FP the bone is randomly distributed
throughout the lesion. In some cases of
MO, nodules of cellular hyaline cartilage
with foci of enchondral ossification are
present. Some late stage lesions of FP
fuse with underlying periosteum and
form an ostechondroma-like lesion. The
most peripheral portions of MO are com-
posed of well formed bony trabeculae
and cortical-appearing bone which ini-
tially has a woven architecture but even-
tually is remodelled into lamellar bone. In
most instances, the lesion is surrounded
by a fibrous capsule that is typically
oedematous in the early phases of devel-
opment, but becomes progressively

more collagenous over time. This histo-
logical pattern of zonation is most evi-
dent in cases of MO that are of at least
three weeks duration. Eventually, the
central cellular areas become progres-
sively quiescent such that over a period
of years, the lush, richly cellular and pro-
liferative fibroblastic centre is trans-
formed into a paucicellular, collagenous
zone that ultimately undergoes ossifica-
tion. Some cases appear to regress com-
pletely. In the end, the residual ovoid
mass is composed merely of cortical and
cancellous bone with fatty or
haematopoietic marrow. In some cases
of MO, especially those occurring in
more superficial soft tissues, the zonal
pattern is not well developed and the
reactive bone may be located throughout
the lesion. 

Immunophenotype
The immunohistochemical staining pat-
tern reflects the bidirectional differentia-
tion characteristic of MO and FP. The

BA
Fig. 2.08 Myositis ossificans. A Gross appearance of myositis ossificans in a young adult male. B Low power view showing typical zonation with fasciitis-like features
(centre right), immature osteoid (centre) and bone formation at the periphery (left).

B CA
Fig. 2.09 Myositis ossificans. A Centre of MO composed of randomly arranged plump fibroblasts in a myxoid stroma. B Periphery of fibroblastic component merging with
region containing trabeculae of woven bone. C Woven bone is prominently rimmed by osteoblasts.
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centrally located fibroblasts and myofi-
broblasts express vimentin but may also
stain with antibodies for actin, smooth
muscle actin and desmin. The
osteoblasts and osteocytes located in
the periphery of the tumour typically
express vimentin and osteocalcin.

Ultrastructure
The spindle cells have the characteristic
ultrastructural features of fibroblasts and
myofibroblasts including dilated rough

endoplasmic reticulum and aggregates of
cytoplasmic filaments occasionally asso-
ciated with dense bodies {2,1722}. The
bone forming cells demonstrate evidence
of osteoblastic differentiation and contain
many mitochondria and abundant dilated
rough endoplasmic reticulum.

Prognostic factors
MO and FP have an excellent prognosis
and rarely recur; however, lesions
removed marginally or incompletely in

the early stage of development have
been known to regrow. There are rare
examples of MO transforming into
osteosarcoma but most of these reports
are not well documented. Therefore,
although the possibility of malignant
transformation exists, this should be
regarded as an extremely rare event and
patients should be treated conservatively.

54 Fibroblastic / Myofibroblastic tumours

BA
Fig. 2.10  A Fibroosseous pseudotumour of digits presenting as well circumscribed mass in subcutis. B Reactive woven bone lined by osteoblasts is present throughout
the lesion.
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Definition
Ischaemic fasciitis (IF) is a distinctive
pseudosarcomatous fibroblastic prolifer-
ation typically occurring over bony
prominences, usually in immobilized
patients.

Synonym
Atypical decubital fibroplasia.

Epidemiology
Ischaemic fasciitis most often occurs in
immobilized patients as a result of pro-
longed pressure and impaired circulation
{114,1498,1691}.

Sites of involvement
IF is usually localized over bony promi-
nences subjected to intermittent pressure
(e.g. greater trochanter or shoulder),
where it forms a poorly circumscribed,
painless soft tissue mass usually less
than 10 cm in diameter {1498}. It is locat-
ed in the subcutis, sometimes extending
into the muscle tissue and dermis.

Clinical features
Most of the patients are elderly, with a
peak incidence between the seventh
and ninth decades of life. Patients are
usually chronically immobilized. Females

are affected slightly more commonly than
males.

Histopathology
Histologically, IF is composed of multi-
nodular zones of fibrinoid (coagulative)
necrosis, fibrosis, myxoid changes
involving adipose tissue and areas of
vascular proliferation. Necrosis has a
characteristic appearance consisting of
central zone of liquefactive, fibrinoid
necrosis having sharp uneven borders,
staining deeply red to violet by H&E
staining {233,2338}. Foci of necrosis are
frequently surrounded by a fringe or pal-

Ischaemic fasciitis M. Michal

C
Fig. 2.11 Ischaemic fasciitis. A Medium power view showing fibrinoid necrosis and plump fibroblastic cells. B Note the prominent interstitial deposition of fibrin, asso-
ciated with haemorrhage and reactive fibroblastic proliferation. C Foci of necrosis are frequently surrounded by a fringe or palisade of capillary proliferation and fibrob-
lasts. D Necrosis has a characteristic appearance consisting of central zone of liquefactive and coagulative necrosis having sharp uneven borders, staining deeply
red to violet by H&E. Muscular vessels reveal often a fibrinoid change within the wall with fibrin thrombi in various stage of recanalization.

BA

D
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isade of capillary proliferation and fibro-
blasts. Muscular vessels reveal often fib-
rinoid change within the walls with fibrin
thrombi in various stage of recanaliza-
tion, and a small amount of secondary
acute inflammation and extravasated
RBC. Evidence of primary vasculitis or
myositis is, however, never seen. Some
of the fibroblasts are enlarged and even
bizarre with abundant deep staining
cytoplasm, large eccentric nuclei and
smudged, hyperchromatic nucleus with
prominent nucleoli. These cells resemble
the fibroblasts in proliferative fasciitis.

Immunophenotype
Immunohistochemically the cells are
vimentin positive and occasional fibrob-
lastic cells are smooth muscle actin and
CD68 positive. All cells are S100 protein
and desmin negative. Enlarged, bizarre
fibroblastic cells are CD34 positive
{1498}.

Prognostic factors
These lesions may recur, due to persist-
ence of the underlying cause rather than
to intrinsic biological aggression. Most
patients are cured by local excision.

56 Fibroblastic / Myofibroblastic tumours

Fig. 2.12 Ischaemic fasciitis. High power view of the
ganglion-like fibroblastic cells.

Elastofibroma H. Hashimoto
J.A. Bridge

Definition
An ill defined fibroelastic tumour-like
lesion that occurs primarily in the soft 
tissue between the lower portion of the
scapula and the chest wall of elderly 
persons and is characterized by a large
number of coarse, enlarged elastic
fibres.

ICD-O code 8820/0

Synonym
Elastofibroma dorsi.

Epidemiology
Although elastofibroma was originally
considered as a rare lesion, there are
geographically different distributions of
this lesion, for example, many cases of
elastofibroma have been detected in
Okinawa, Japan {1526}. Elastofibroma or
pre-elastofibroma-like changes have
been found at autopsy in 13 to 17 % of
elderly individuals {786,1030}.

Sites of involvement
Elastofibroma is almost always located in
the connective tissue between the lower
scapula and the chest wall, and lies
deep to the latissimus dorsi and rhom-

boid major muscles, often with attach-
ment to the periosteum of the ribs.
Although it is unilateral in most cases,
bilateral elastofibromas may be more
common than previously recognized.
Naylor et al. radiologically detected sub-
clinical bilateral elastofibromas in many
cases {1545}. Rare lesions have been
reported in extrascapular locations, such
as other parts of the chest wall, the
upper arm, the hip region, and the gas-
trointestinal tract or other viscera.

Clinical features
Elastofibroma occurs almost exclusively
in elderly individuals over the age of 50,
with a peak between the seventh and
eighth decades of life {1526}. There is a
striking predominance in women.
Elastofibroma is a slowly growing mass
that only rarely causes pain or tender-
ness. Computed tomography (CT) and
magnetic resonance imaging (MRI) allow
a presumptive diagnosis of elastofibro-
ma {1170}.

Aetiology
Although some have suggested that
elastofibroma may be a response to
repeated trauma or friction between the

lower scapula and the underlying chest
wall {1031}, this has never been con-
firmed, particularly for examples located
in extrascapular sites. Nagamine et al.
described that approximately one-third
of 170 patients with this lesion in
Okinawa occurred within the same fami-
ly lines, supporting a genetic predisposi-
tion in at least some patients {1526}.
Enjoji et al. reported an elastofibroma-
tous lesion of the stomach at the base of
a peptic ulcer in a patient with bilateral
subscapular elastofibromas, suggesting
the possibility of an underlying systemic
enzymatic defect {585}. The accumula-
tion of large irregular elastic fibres in this
lesion may be the result of abnormal
elastogenesis rather than degeneration
of preexisting elastic fibers.

Macroscopy
Elastofibroma is usually ill defined and
rubbery, and exhibits grey-white fibrous
tissue with interposing small areas of yel-
low fat. The mass varies from 2 cm up to
15 cm in diameter.

Histopathology
The lesion is composed of a mixture of
paucicellular collagenous tissue and
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large numbers of elastic fibers, associat-
ed with small amounts of mucoid stroma
and entrapped mature fat cells. The elas-
tic fibres are large, coarse, deeply
eosinophilic, and fragmented into small,
linearly arranged globules or serrated
disks simulating beads on a string.
Elastic stains reveal the large branched
or unbranched fibres to have a dense
core and irregular serrated margins.
Although the elastin-like material is
removed by prior treatment of the sec-
tions with pancreatic elastase, it is more
resistant to the digestion than that of con-
trol skin {1531}.

Immunohistochemistry
The elastic fibres in elastofibroma are
reactive with a specific antibody to
elastin {733,1182}. 

Ultrastructure
Elongated or globular masses with a
central core of more electron-lucent
material like mature elastic tissue sur-
rounded by a fibrillary electron-dense
substance like immature elastin are seen
in a collageous stroma {159,733,1118,
1182,1753}. The constituent cells in
close proximity to the elastic fibres have
ultrastructural features of fibroblasts and
myofibroblasts, some of which contain
non-membrane-bounded dense granular
bodies with an intensity similar to that of
extracellular elastin in the cytoplasm,
suggesting that these cells produce the
extracellular elastin.

Genetics
Cytogenetic investigations of elastofibro-
ma reveal that this lesion exhibits signifi-

cant chromosomal instability manifested
as both clonal and non-clonal structural
changes {141,1370,2188}. Aberrations of
the short arm of chromosome 1 are par-
ticularly prominent. Additional studies
are needed to define the potential bio-
logical significance of these chromoso-
mal abnormalities in elastofibroma. The
observation of familial occurrences of
elastofibroma supports a genetic predis-
position to this lesion of controversial
aetiology {1526,1884}.

Prognostic factors
Elastofibroma is cured by simple exci-
sion. Local recurrence is very rare.

BA
Fig. 2.13 Elastofibroma. A Paucicellular collagenous tissue and entrapped mature fat cells. B Large, coarse, densely eosinophilic elastic fibres admixed with collagen in
an elastofibroma.

BA
Fig. 2.14 Elastofibroma. A Elastic fibres arranged like beads or globules with serrated edges on a string in an elastofibroma. B Weigert's elastic stain highlights the bead-
like arrangement of the abnormal elastic fibres in an elastofibroma.
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Fibrous hamartoma of infancy H. Hashimoto

Definition
A paediatric, benign, poorly circum-
scribed, superficial soft tissue mass
characterized by an organoid mixture of
three components: well defined inter-
secting trabeculae of dense fibrocol-
lagenous tissue, loosely textured areas
of immature-appearing, small, rounded,
primitive mesenchymal cells, and
mature fat.

Epidemiology
Although in overall terms fibrous hamar-
toma of infancy is rare, accounting for
approximately 0.02 % of all benign soft
tissue tumours {1016}, this lesion is one
of the relatively more common tumours of
fibrous tissue in early childhood. 

Sites of involvement
Fibrous hamartoma of infancy occurs
most frequently in the anterior or posteri-

or axillary fold, followed by the upper
arm and shoulder, thigh, groin, back,
and forearm {590,1476,1638,1998}. This
lesion arises only exceptionally in the
hands and feet {1029,1034,1794}. The
feature helps distinguish fibrous hamar-
toma of infancy from calcifying aponeu-
rotic fibroma, which occurs almost exclu-
sively in the hands or feet.

Clinical features
The majority of fibrous hamartomas of
infancy present in the first 2 years of life
and up to 25 % are discovered at birth
{519,570,590,1638}. They do not occur
after puberty, although rare lesions have
been reported in older infants. There is a
striking predominance in boys {1638,
1998}, but there is no evidence of famil-
ial tendency or of association with any
other congenital disorder. Fibrous
hamartoma of infancy is almost always a

solitary lesion, and usually a rapidly
growing, freely movable mass in the sub-
cutis or dermis, occasionally being
attached to the underlying fascia and
only rarely involving the skeletal muscle. 

Macroscopy
Fibrous hamartoma of infancy is usually
poorly circumscribed and exhibits grey-
white tissue alternating with yellow fat.
The amount of the fatty component
varies from case to case. Most lesions
are less than 5 cm in diameter, but
tumours rarely reach larger than 10 cm
{519}.

Histopathology
Fibrous hamartoma of infancy is charac-
terized by three distinct components
forming organoid structures. The well
defined intersecting trabeculae of dense
fibrocollagenous tissue are composed of
fibroblastic and myofibroblastic spindle
cells with bland, straight or wavy nuclei
separated by varying amounts of colla-
gen. The loosely textured islands inter-
spersed among the fibrous trabeculae
are made up of immature-appearing,
small, rounded or stellate, primitive mes-
enchymal cells with scant cytoplasm
embedded in a myxoid matrix containing
abundant hyaluronidase-sensitive acid
mucopolysaccharides. The primitive
myxoid areas are frequently oriented
around small veins. Mitotic figures are
absent or few in either the fibroblastic or
myxoid areas. The mature fat component
is interspersed among the other two
components. The relative proportions of
these three components vary consider-
ably between cases. Fat may be recog-
nized only at the periphery or may be the
major component. In some cases, espe-
cially in older children, a pronounced
sclerosing process, that is somewhat
reminiscent of disorderly fibrosis or neu-
rofibroma, replaces the majority of the
lesion {590}. 

Immunohistochemistry
Both the fibroblastic and primitive cells
are positive for vimentin. There are

BA
Fig. 2.15 Fibrous hamartoma of infancy. A Organoid pattern composed of trabeculae of dense fibrocollagenous
tissue, with typical islands of loosely arranged spindle cells, and mature fat cells. B This case shows three 
distinct components, with mature fat predominating.

BA
Fig. 2.16 Fibrous hamartoma of infancy. A Spindle cells in fibrous trabeculae are composed of bland fibroblas-
tic or myofibroblastic cells with straight or wavy nuclei. B In the myxoid islands, note bland primitive spindle
cells with scant cytoplasm.
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actin-positive spindle cells only in the
trabeculae, probably indicating myofi-
broblastic differentiation {686,845,
1440}. Desmin is usually negative,
although some have described positive
immunoreactivity to desmin in the tra-
becular component {845}.

Ultrastructure
A mixture of fibroblastic and myofibrob-
lastic cells are seen in the trabecular
component {830,845,1440}, whereas
primitive mesenchymal cells with slender
cytoplasmic processes and few intracy-
toplasmic organelles are found in the
loosely textured myxoid areas.

Prognostic factors
Fibrous hamartoma of infancy is benign
and usually cured by local excision. Rare
recurrences are cured by reexcision
{519,590,1998}.

Myofibroma / Myofibromatosis B.P. Rubin
J.A. Bridge

Definition 
Myofibroma and myofibromatosis are
terms used to denote the solitary (myofi-
broma) or multicentric (myofibromatosis)
occurrence of benign neoplasms com-
posed of contractile myoid cells
arranged around thin-walled blood ves-
sels. Myofibroma(tosis) forms a morpho-
logical continuum with myopericytoma
and so-called infantile haemangiopericy-
toma.

ICD-O codes 
Myofibroma 8824/0
Myofibromatosis 8824/0

Synonyms
Infantile myofibromatosis, congenital
generalized fibromatosis.

Epidemiology 
Solitary and multicentric lesions can
occur over an extremely wide age range
that extends from newborns to the elder-
ly {151,353,431,1970}. However, many
cases are detected at birth or within the
first two years of life. Myofibroma(tosis) is
more common in males {353}. There are
rare familial cases (see discussion of
genetics). The relative frequency of soli-
tary versus multicentric forms is unclear
from the literature {353,2284}. This may
be due to methodological differences in
the types and completeness of radiolog-
ical studies that were performed, as
many lesions, even deep lesions and

those affecting bone, may not be clini-
cally apparent. In adults, solitary lesions
are more common than multicentric
tumours and this is probably also the
case in children.

Sites of involvement 
Approximately half of solitary myofibro-
mas occur in the cutaneous/subcuta-
neous tissues of the head and neck
region, followed by trunk, lower, and
upper extremities {353}. The other half
occur in skeletal muscle or aponeuroses,
with a small number involving bone, pre-
dominantly the skull {353,894,1007,
1111}. Myofibromatosis (i.e., multicentric
disease) involves both soft tissue and
bone and frequently (from 15-20% of the
time) occurs in the deep soft tissues and
at visceral locations, including the lungs,
heart, gastrointestinal tract, liver, kidney,
pancreas, and rarely, the central nervous
system {17,48,1828,1846}. Any bone
can be involved but most often, the long
bones are affected.

Clinical features 
Lesions can be of short or of longstand-
ing duration {431,679}. Cutaneous
lesions have the appearance of purplish
macules, simulating a vascular neo-
plasm. Subcutaneous lesions occur
most often as painless, freely mobile
masses while more deeply seated
lesions may be fixed. Visceral lesions
may cause symptoms referable to the

organs that are involved. The radio-
logical appearance of soft tissue lesions
varies greatly, and can be well-circum-
scribed or infiltrative, often with calci-
fication, either within or surrounding the
lesions. Bony lesions characteristically
occur as multiple elongated radiolu-
cent lesions within the metaphyseal
regions, sparing the region immediately
adjacent to the epiphysis {1992}. A scle-
rotic margin forms invariably in more
mature lesions, which also have central 
mineralization.

Fig. 2.17 580 Myofibroma / Myofibromatosis. Small
bowel lesion in a newborn.
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Aetiology 
The aetiology of myofibroma(tosis) is
unclear. There are rare familial cases,
indicating a genetic component (see dis-
cussion of genetics). 

Macroscopy 
Nodules vary greatly in size, from 0.5 to
7 cm, with a median size of 2.5 cm
{353}. Lesions within the dermis and
subcutaneous tissue are better defined
than those in the deep soft tissues and
viscera. On cut surface, myofibromas
have a firm, fibrous cut surface and are
greyish white, light tan to brown, or pur-
plish in colour. They often have central
yellow / necrotic areas and / or cystic
spaces filled with caseous-like material
or haemorrhage.

Histopathology
At low power, there is a nodular or multin-
odular proliferation with a zoned appear-
ance, due to regional variation of cell
types. Usually within the periphery of the
nodules, there are plump myofibroblasts
arranged in short fascicles or whorls.
These myofibroblasts are spindle
shaped with pale pink cytoplasm and
have elongated, tapering nuclei with a
vesicular chromatin pattern and one or
two small nucleoli. There is no significant
atypia or pleomorphism. These myoid
whorls or nodules often hyalinize, with a
pseudochondroid appearance. Within
the centre of the nodules, are less well
differentiated, rounded, polygonal, or
spindle-shaped cells, with slightly larger,
hyperchromatic nuclei. These cells have
relatively scant cytoplasm, and are
arranged around thin-walled, irregularly

branching, haemangiopericytoma-like
blood vessels {2037}. Occasional cases
have a more random distribution of the
two cell types and in some cases, the
arrangement can be completely
reversed (haemangiopericytoma-like
appearance at the periphery and myofi-
broblastic cells in the middle) {151,353}.
The haemangiopericytomatous compo-
nent can predominate and this has led to
the suggestion that most cases of so-

called infantile haemangiopericytoma,
are actually cases of myofibroma(tosis)
{353,1412}. Calcification, necrosis and
stromal hyalinization are identified fre-
quently. Mitotic activity is usually minimal
although exceptional cases can have up
to 10 per 10 high power fields. Another
histological feature which merits atten-
tion, is the frequent presence of intravas-
cular growth, which can lead to the mis-
taken diagnosis of malignancy {151,

BA
Fig. 2.18 Myofibroma / Myofibromatosis. A Primitive spindle cells with haemangiopericytoma-like blood vessels. B Note the perivascular growth pattern, underlying the
close relationship with myopericytoma.

BA
Fig. 2.19 Infantile myofibromatosis. A Lung is one of the more common visceral locations to be affected. Note
the typically multinodular growth pattern. B High power view showing the typical cytologic features. On the
left are the rounded, less well differentiated cells arranged around haemangiopericytoma-like blood ves-
sels and on the right are the spindle-shaped myoid cells.

BA
Fig. 2.20 Myofibroma / Myofibromatosis. A Focal calcification in a myoid area. B Both necrosis and apoptosis
are often identified.
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353}. This intravascular growth is in fact
subendothelial and is not associated with
true metastatic potential.

Immunophenotype
Both the myofibroblastic and more primi-
tive component are positive for vimentin
and smooth muscle actin, while the
myofibroblastic component is more
strongly positive for pan-actin HHF-35.
Both components are negative for S100
protein, epithelial membrane antigen,
and keratin {431,1412}.

Ultrastructure 
Typical are prominent dilated rough endo-
plasmic reticulum, longitudinal filament
bundles with dense bodies, and focal
basal lamina {151,161,224,523,894}.

Genetics
Familial occurrence is too rare to allow
any firm conclusions regarding the
genetics of myofibromatosis. However,
the documentation of affected cousins,
half-siblings, and parent-offspring pairs
suggests an autosomal dominant inheri-
tance pattern {244,1037,2070}. The true
incidence of myofibromatosis occurring
in a familial setting may be higher than it
appears as the lesions are frequently
small and asymptomatic and tend to dis-
appear spontaneously and thus, milder
expressions of the disease in relatives
could easily be overlooked {244}.

Prognostic factors
Some myofibromas regress sponta-
neously {146,161,353}. A small number

of solitary lesions (<10%) recur, but there
do not appear to be any factors that are
predictive of recurrence and these recur-
rences are cured by local re-excision
{353}. The extent and location of the vis-
ceral lesions determines the prognosis,
with involvement of vital organs, leading
to cardiopulmonary or gastrointestinal
complications, causing death in rare
cases {40,353,2284}. Pulmonary involve-
ment appears to be an especially bad
prognostic factor.

Definition
A benign, site-specific lesion that occurs
in the distal sternocleidomastoid muscle
of infants. The mass results in fusiform
thickening of the muscle and cervico-
facial asymmetry due to its shortening
(torticollis).

Synonyms
Congenital muscular torticollis, stern-
ocleidomastoid tumour of infancy,
pseudotumour of infancy.

Epidemiology
Fibromatosis colli is uncommon. It
occurs in approximately 0.4% of live
births {1187}. There is no sex predilec-
tion. The majority of affected infants are
diagnosed before 6 months of age
{1187}. There is a high incidence of
abnormal intrauterine positioning or diffi-
cult delivery in the affected infants {198,

1187,1863}. Additionally, there is a clear
association with other musculoskeletal
developmental abnormalities that are
associated with abnormal intrauterine
positioning, including forefoot anomalies
and congenital hip dislocation {198,
1187,1863}.

Site of involvement
Fibromatosis colli typically affects the
lower one-third of the sternocleidomas-
toid muscle. There is no predilection as
to side.

Clinical features
The affected infants present with a
smooth fusiform swelling of the distal
sternocleidomastoid muscle {198,1187,
1863}. This usually measures less than
5.0 cm in length. The muscle typically is
expanded although it rarely measures
greater than 2.0 cm in width. Typically

the infants exhibit cervico-facial asym-
metry with facial tilt due to the shortening

Fibromatosis colli J. O’Connell

Fig. 2.21 Fibromatosis colli. Plain X-ray showing a
soft tissue mass in the region of sternocleidomas-
toid muscle.
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of the affected muscle {198,1187,1228,
1863}. Ultrasound investigation is useful
and non-invasive. It demonstrates a uni-
form isoechoic mass confined to the
muscle {407}. In real time this can be
shown to move with the action of the
muscle.

Aetiology
It is most likely that fibromatosis colli rep-
resents a cellular scar-like reaction to
injury of the sternocleidomastoid muscle
acquired in the last trimester of intrauter-
ine growth, or at the time of delivery {198,
1187,1863}.

Macroscopy
The lesion appears as a tan gritty mass
confined to the muscle. Regions of
haemorrhage or necrosis are not present.

Histopathology
Like many presumed reactive prolifera-
tions, the microscopic appearance of
fibromatosis colli varies depending on
the time at which it is examined.
Currently the favoured investigation of
these masses is by fine needle aspiration
cytology {1187}. This demonstrates cel-
lular specimens with aggregates of uni-
form plump spindle cells embedded in
myxoid to collagenous ground sub-
stance {1187}. Multinucleated skeletal
myocytes may be admixed. These aspi-
ration specimens correspond to the cel-
lular proliferative phase of the process.
Surgical specimens, which are obtained
only from a minority of the patients at the
time of tenotomy for persistent torticollis,
usually demonstrate less cellular colla-
gen-rich tissue that resembles scar or
conventional fibromatosis. In these the
lesion is composed of uniform plump
fibroblastic and myofibroblastic cells
embedded in a collagenous background
{198,1228,1863}. Infiltration and entrap-
ment of skeletal myocytes is evident.

Immunophenotype
The lesional cells exhibit positive staining
for vimentin and muscle actins.

Prognostic factors
When diagnosed early, fibromatosis colli
is managed in a non-surgical manner.

The treatment involves passive stretch-
ing and physiotherapy {198}. Seventy
percent of children will have complete
resolution of the mass and demonstrate
normal cervico-facial posture and move-
ment with this approach {198}. Surgical
intervention, principally tenotomy, is
required in between 10 to 15% of
patients {198}. Overall, 90% of patients
achieve normal function and appearance

following timely intervention {198}. The
prognosis is worse in those infants who
are diagnosed and treated when older
than 1 year.

Fig. 2.22 Fibromatosis colli. A Note the diffuse pattern of scar-like fibroblastic proliferation within sterno-clei-
domastoid muscle. B The entrapped skeletal muscle fibres commonly show both degenerative and reactive sar-
colemmal nuclei.

A

B
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Juvenile hyaline fibromatosis

Definition
An apparently non-neoplastic disorder
that typically presents in infancy, charac-
terized by the accumulation of extracel-
lular "hyaline material" within skin, somat-
ic soft tissues and the skeleton, resulting
in tumour-like masses. The hyaline mate-
rial is produced by an aberrant popula-
tion of fibroblasts. The clinical manifesta-
tions vary depending on the number,
location and growth rate of the masses.

Synonyms
Molluscum fibrosum, mesenchymal 
dysplasia.

Epidemiology
Juvenile hyaline fibromatosis is an
extremely rare disorder {1057,1094,
1313}. As of 1998 less than 50 cases had
been reported in the literature {2279}. It
typically presents in infancy {1057,1094,
1313,2279}. There is no sex predilection
and affected infants are often the proge-
ny of consanguineous parents {1057,
1094,1313,2279}. The clinical phenotype
of affected children varies {1313}. Most
of the time there is progressive increase
in the number and size of superficial and
deep nodules with resulting deformity
and dysfunction. Survival into adulthood
may occur {1078,1094}.

Sites of involvement
The tumour-like masses of hyaline mate-
rial develop in the skin (particularly the
face and neck resulting in papules and
nodules), gums (producing "gingival
hyperplasia"), periarticular soft tissues
(resulting in joint contractures) and
bones (especially the skull, long bones
and phalanges) {1057,1078,1094,1313,
2279}.

Clinical features
Patients present with skin papules affect-
ing the face and neck, in particular,
around the ears. Perianal skin papules
may resemble genital warts. Periarticular
deposits of the hyaline material result in
joint contractures, particularly involving
the knees and elbows {1057,1078,1094,

1313,2279}. Imaging studies reveal gen-
eralized osteoporosis and discrete lytic
lesions in the affected bones {1057,
1094,1480}.

Aetiology
The aetiology of juvenile hyaline fibro-
matosis is unknown. It appears to be
transmitted in an autosomal recessive
manner {1057,1094,1313}. Biochemical
investigation of the hyaline material 
suggests increased extracellular chon-
droitin sulphate, and types I and VI colla-
gen {250,1073}. Recently it has been 
suggested the fundamental defect may
be a reduction in type III collagen 
production {250}.

Macroscopy
The nodules have a uniformly solid, white
or waxy appearance.

Histopathology
The individual nodules obliterate the nor-
mal tissues in which they are found. They
are composed of an admixture of plump
fibroblastic cells associated with extra-
cellular uniform hyaline material that is
non-fibrillar and eosinophilic in haema-
toxylin and eosin stains. In younger
patients or "newer lesions" the nodules
are relatively more cellular {1362,1480}.
The constituent fibroblasts have clear
cytoplasm and may exhibit a vague fas-
cicular arrangement. Nuclear atypia or
necrosis is not seen. Older lesions are
less cellular and the fibroblasts may
appear compressed by the extracellular
material. PAS stain is strongly positive
and diastase resistant. 

Immunophenotype
The fibroblastic cells label positively for
vimentin. Stains for muscle actin and
S100 protein are negative {14,1920}.

Ultrastructure
The lesional cells are fibroblasts and
demonstrate numerous cystically dilated
membrane-bound vesicles. These con-
tain granular and filamentous material
similar to the extracellular ground sub-

stance. Continuity between the vesicles
and the extracellular space may be evi-
dent {1057,1313,1480,2279}.

Prognostic factors
The lesions are treated by surgical exci-
sion depending on their location. Local
recurrence rates are high {1057}. The

J. O’Connell

Fig. 2.23 Juvenile hyaline fibromatosis.  Multiple
subcutaneous nodules on the scalp and face are
the most consistent finding.

Fig. 2.24 Juvenile hyaline fibromatosis. Low power
view of a typically well circumscribed hypocellular
nodule in deep dermis / subcutis.
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prognosis is determined by the number,
size and location of the nodules and the
degree of the patient’s functional impair-
ment. A single case of oral squamous
carcinoma arising in association with
juvenile hyaline fibromatosis has been
reported {1078}.

BA
Fig. 2.25 Juvenile hyaline fibromatosis. A Cellular focus of a nodule. Note the clustered arrangement of the
fibroblasts and the extracellular amorphous material. B An older nodule that is less cellular and dominated by
the hyaline material.

Inclusion body fibromatosis J. O’Connell

Definition
A benign proliferation of fibroblastic and
myofibroblastic cells that typically
occurs on the digits of young children. It
is named for the intracytoplasmic inclu-
sions that are detected in a minority of
the lesional cells.

Synonyms
Infantile digital fibromatosis, digital
fibrous tumour of childhood, infantile 
digital fibroma.

Epidemiology
Inclusion body fibromatosis is rare. 

Site of involvement
Typically, lesions develop on the dorsal
aspect of digits of the hands or feet {148,
344,913,1791}. In a minority, more than
one digit may be affected synchronously
or asynchronously. Involvement of the
thumb or big toe is extremely unusual.
Rarely inclusion body fibromatosis
occurs in extra-digital sites such as the
soft tissues of the arm and breast {1702,
1738}.

Clinical features
Patients typically present in the first year
of life {148,344,913,1791}. There is no 

sex predilection. Occasionally clinically
typical lesions present in older patients
and conversely pathologically character-
istic tumours occasionally develop in
sites other than the digits {1702,1738}.
Treatment is by local excision, with an
effort to preserve function. Digital exam-
ples present as dome shaped swellings
overlying the phalanges or interpha-
langeal joints. The nodules usually meas-
ure less than 2.0 cm and the overlying
skin is typically taught and stretched.
Occasional examples may erode bone.
The extra-digital nodules present as non-
specific soft tissue masses.

Fig. 2.26 Inclusion body fibromatosis. Two pha-
langeal nodules overlying the distal interpha-
langeal joints. Note the stretched overlying skin.

BA
Fig. 2.27 Inclusion body fibromatosis. A Low power view demonstrating intersecting fascicles of spindle cells
associated with extracellular collagen. B High power view shows the plump spindle cells, uniform nuclei and
scattered intracytoplasmic eosinophilic round inclusions.
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Macrosocopy
The lesions have a uniform white / tan
appearance. They lack regions of haem-
orrhage or necrosis. They are typically ill
defined.

Histopathology
The nodules are composed of intrader-
mal sheets and fascicles of uniform spin-
dle cells associated with varying
amounts of extracellular collagen {344,
913,1702,1738}. They are non-encapsu-
lated and fascicles of cells extend into
adjacent tissues. Individual cells have
central elongated nuclei and vaguely fib-
rillar cytoplasm. The diagnostic feature is
the presence of intracytoplasmic,
eosinophilic spherical "inclusions" {344,
913,1702,1738}. Inclusions are brightly
trichrome positive and PAS negative.
These are present in a minority of the
cells and are not always uniformly dis-
tributed. The lesional cells lack nuclear
atypia and mitoses are not prominent. 

Immunophenotype
The lesional cells demonstrate positive
staining for vimentin, and muscle actins
{344,1515,1516,1702}. The latter stains
often exhibit a parallel linear pattern
beneath the cell membrane, in a so-
called "tram-track" pattern. The
eosinophilic globules demonstrate vari-
able staining for actins in formalin fixed
material {1515,1516,1702}. These vari-

able results appear to be dependent
upon the method of tissue preparation
prior to immunohistochemical staining.
Pretreatment with KOH has been report-
ed to aid in demonstrating a positive
staining result for actins within the inclu-
sions {1515}.

Ultrastructure
The lesional spindle cells demonstrate
ultrastructural features of myofibroblasts
{344,913,1020,1516,1702}. They exhibit
well formed rough endoplasmic reticu-
lum and intracytoplasmic aggregates of
filaments. These are concentrated

beneath the cell membrane and focally
show dense bodies. The inclusions lie
free in the cytoplasm and have a granu-
lar / filamentous appearance {344,913,
1020,1516,1702}. Cytoplasmic actin fila-
ments extend into the granular inclusions
and may be demonstrated to be continu-
ous with them {913}.

Prognostic factors
Local recurrence occurs in about 50% of
cases {148,1791}. The main prognostic
indicator is the adequacy of the primary
excision. Metastasis does not occur.

Fig. 2.29 Inclusion body fibromatosis. Myofibro-
blastic cell with a typical intracytoplasmic granular
filamentous inclusion.

Fig. 2.28 Inclusion body fibromatosis. Masson
trichrome stain shows the typical purple-red 
juxtanuclear rounded inclusions.
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Fibroma of tendon sheath

Definition
Fibroma of tendon sheath (FTS) is an
uncommon, small, benign fibrous nodule
that arises near tendinous structures,
mostly in the hands of adult males.

ICD-O code 8810/0

Synonym
Tenosynovial fibroma.

Epidemiology
Most patients are in the fourth decade
but FTS can occur at any age.
Approximately 60% of lesions affect
males. In the hands the right side is
favoured. Multiplicity of lesions is rare.
Familial or racial clustering is not 
reported. 

Site of involvement
The thumb, index and middle fingers are
the favoured sites of origin. Together with
lesions of the volar aspect of hand and
wrist, they account for 80% of cases. The
anterior knee and plantar aspect of the
foot are less commonly involved. Arms,
elbows, toes, temporomandibular joint,
trunk and neck are rarely affected.

Clinical features 
FTS typically presents as a small, firm,
slowly enlarging, painless mass.
Impingement on nerves, carpal tunnel
syndrome, pain, finger triggering and
ulceration may occur.

A heterogeneous and lobulated mass
with low signal intensity both in T1- and
T2-weighted images may be seen on
MRI. Smooth erosion into bone has been
reported {2002}.

Aetiology
The predilection for specific digits of the
right hand and the finding of fasciitis-like
areas in some cases suggest a possible
reactive origin. Injury is reported in 10%
of cases. Clonal chromosome abnormal-
ities have been demonstrated in one
case.

Macroscopy
FTS forms a sharply-demarcated, multi-
lobated and sometimes multinodular,
fibrous mass, almost always <3 cm in
diameter. The cut surface is homoge-
nous, pale and solid. 

Histopathology 
FTS is composed of well-circumscribed
nodules separated by deep, narrow
clefts. The nodules are typically pauci-
cellular, containing spindled fibroblasts
embedded in a collagenous stroma.
Scattered slit-like vascular channels are
frequent {103,352,905,981,1736}. Some
lesions may show hypercellularity, but
the cellular areas usually merge with
more typical paucicellular zones. These
hypercellular examples resemble nodu-
lar fasciitis and often display typical
mitotic figures, but coagulative necrosis

and nuclear hyperchromasia are not
seen. Other less common histological
features may include presence of stellate
cells, pleomorphic bizarre cells, myxoid
change, cyst formation, dense hyali-
nization and chondroid or osseous 
metaplasia.

Immunophenotype
The cells of FTS express SMA and
vimentin.

Ultrastructure 
Features of fibroblasts and myofibro-
blasts are identified.

Genetics 
A clonal chromosomal abnormality,
t(2;11)(q31-32;q12), has been described
in one case {440}. Notably, an identical
translocation has also been observed in
desmoplastic fibroblastoma {1911}.

Prognostic factors 
Up to 24% of lesions in the hands recur
months to years after the diagnosis,
sometimes repeatedly but non-destruc-
tively {352}. Because of adherence to
tendinous structures local excision may
be difficult. In view of their non-aggres-
sive course, excision should aim to
relieve symptoms but preserve function. 
Metastasis has never been reported in
FTS.

G. Farshid
J.A. Bridge

B CA
Fig. 2.30 Fibroma of tendon sheath. A Border of a well circumscribed nodule, showing (B) paucicellular spindle fibroblasts in a collagenous stroma. C Detail of a more
cellular lesion.

bb5_5.qxd  22.9.2006  10:43  Page 66



Desmoplastic fibroblastoma M.M. Miettinen
J.A. Bridge

Definition
A rare, benign, paucicellular tumour
affecting mainly adult males, character-
ized by densely collagenous, predomi-
nantly stellate-shaped fibroblasts exhibit-
ing bland cytological features. Myxoid
stroma may be present.

ICD-O code 8810/0

Synonym
Collagenous fibroma.

Clinical features
This relatively uncommon tumour is usu-
ally diagnosed in men between the 5th
and 7th decades (70%), and rarely in
adolescents; only 25% of cases have
been diagnosed in women. The tumour
typically presents as an asymptomatic
mass involving the subcutis, but fascial
involvement is common and up to 25% of

cases involve skeletal muscle. It occurs
in a variety of peripheral sites with the
most common locations being the arm,
shoulder, lower limb, back, forearm,
hands and feet. The behaviour is benign,
and none of the published clinicopatho-
logic series had recurrences {622,900,
1447,1560}.

Macroscopy
The tumour is usually relatively small,
measuring 1-4 cm in greatest dimension,
but examples over 10 cm and as large
as 20 cm have occurred. Grossly it
appears as a well-circumscribed oval,
fusiform-elongated, or disc-shaped
mass, which may be lobulated. On sec-
tioning the tissue is firm and homoge-
neous with cartilage-like consistency
and pearl-grey colour.

Histopathology
Microscopically, desmoplastic fibroblas-
toma is relatively paucicellular with a
prominent collagenous background. The
tumour involves the subcutaneous fat in
70% of cases and extends into the skele-
tal muscle in 25% of cases. The margins
are variably circumscribed. It is com-
posed of scattered spindled or stellate-
shaped fibroblasts and myofibroblasts. A
minority of cases have variably, usually
focally myxoid stromal change. The
lesional blood vessels are usually incon-
spicuous with thin walls. Lower cellulari-
ty, lack of fascicular pattern, predomi-

nance of amorphous collagenous stroma
and inconspicuous vasculature separate
it from desmoid tumour.

Immunophenotype
The tumour cells are positive for vimentin
and are variably positive for alpha-
smooth muscle actin and occasionally
for keratins AE1/AE3. They are negative
for desmin, EMA, S100 protein and CD34
{1447}.

Genetics 
Clonal chromosomal abnormalities have
been observed in two cases {1911}. Both
exhibited abnormalities involving band
11q12. Notably, an identical 2;11 translo-
cation has also been observed in a case
of fibroma of tendon sheath {440}.

Prognostic factors 
These lesions do not recur and do not
metastasize.

Fig. 2.34 Desmoplastic fibroblastoma showing a
2;11 translocation with a breakpoint at 11q12.

67Desmoplastic fibroblastoma

Fig. 2.31 Desmoplastic fibroblastoma. The lesion
has a smooth, rounded contour.

Fig. 2.32 Desmoplastic fibroblastoma. The tumour is
paucicellular and composed of uniform, often stel-
late-shaped fibroblasts.

Fig. 2.33 Desmoplastic fibroblastoma. The tumour is paucicellular and composed of uniform, often stellate-
shaped fibroblasts.
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Mammary-type myofibroblastoma M.E. McMenamin 
J.A. Bridge

Definition
A benign mesenchymal neoplasm com-
posed of spindle-shaped cells with fea-
tures of myofibroblasts, embedded in a
stroma that contains coarse bands of
hyalinized collagen and conspicuous
mast cells, and admixed with a variable
amount of adipose tissue. The tumour is
histologically identical to myofibroblas-
toma of breast.

ICD-O code 8825/0

Epidemiology
Lesions have arisen in adults with an age
range of 35 to 67 years (median 55.5
years) and a male predilection (8 males,
2 females). The extramammary location
of some myofibroblastomas has only
recently been defined when 10 cases
were reported {1382}. Therefore, conclu-
sions related to epidemiology could alter
with increased tumour recognition. 

Sites of involvement
The most common location of mammary-
type myofibroblastoma is the inguinal /

groin area. Other reported sites include
abdominal wall, buttock, back and vagi-
nal wall. Lesions arise most commonly in
subcutaneous tissue; however, cases
have arisen deep to abdominal wall mus-
cle, in the posterior vaginal wall and in a
paratesticular location. There is an
apparent predilection for myofibroblas-
tomas to arise along the putative
anatomic "milk-line" that extends from
axilla to medial groin.

Clinical features
The tumours generally present as either
painless masses or incidental lesions
that are detected during surgical proce-
dures such as inguinal hernia repair.
Occasional lesions are tender or painful.
Tumours have been described to be
present for up to a year before clinical
presentation. There are no imaging data.

Aetiology
Unknown. It has been postulated that
myofibroblastomas arising in the breast
may be related to a patient’s hormonal
status, in that lesions are relatively com-

mon in older men, e.g. in the setting of
gynaecomastia and anti-androgen thera-
py {1381,2217}. Mammary-type myofi-
broblastoma of soft tissue arises most
commonly in older adult males. The
apparent predilection for origin of myofi-
broblastomas along a putative milk-line
suggests the possible existence of hor-
monally-responsive mesenchymal tis-
sue.

Macroscopy
Reported lesions ranged in size from 2 to
13 cm (median 5.8 cm). The tumours are
well circumscribed and firm. The colour
can be variable (white, pink, tan or
brown). The cut surface may be whorled
or nodular. Soft "mucoid"-appearing
areas reflecting myxoid change were
present in one case.

Histopathology
Tumours are unencapsulated but well
circumscribed. They are composed of
an admixture of spindle cells and adi-
pose tissue and are morphologically
identical to mammary myofibroblastoma
{2217}. The spindle cells histologically
resemble myofibroblasts and are char-
acterized by oval to tapered nuclei with
finely dispersed chromatin, small nucle-
oli, eosinophilic to amphophilic cyto-
plasm and poorly defined cytoplasmic
borders. The spindle cells are frequently
wavy in contour and generally are
arranged in variably sized fascicles. The
stroma is collagenous with broad bands
of coarse hyalinized collagen that often
adopt a zig-zag pattern. Stromal mast
cells are usually numerous. Epithelioid
change of the lesional cells and focal
nuclear atypia with enlarged nuclei and
multinucleation have been described
{1382}. Such morphologic variation is
well recognized in myofibroblastoma of
breast {1381,2217}. The blood vessels in
myofibroblastoma are generally not con-
spicuous, being small, often focally
hyalinized and commonly having a
perivascular lymphocytic infiltrate in con-
trast to the prominent medium to large
vessels with markedly hyalinized walls

Fig. 2.35 A Mammary-type myofibroblastoma with sharply circumscribed margin. B Fasicles of spindle cells
separated by coarse bands of intersecting hyalinized collagen. Note scattered adipose tissue.

BA
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that are characteristic in cellular angiofi-
broma or the large branching "haeman-
giopericytomatous" blood vessels that
are seen in lipomatous haemangioperi-
cytoma, two potential morphologic mim-
ics. Mitotic figures range from 0-6 per 10
HPF. 

Immunophenotype
As is characteristic of the breast counter-
part, the typical immunophenotype of

extramammary myofibroblastoma is dif-
fuse co-expression by the spindle cells
of desmin and CD34. Expression of
smooth muscle actin is seen in a third of
cases.

Genetics 
Partial monosomy 13q has been detect-
ed in two cases, as well as partial mono-
somy 16q in one of these two cases
{1670}. Similar rearrangements of 13q

and 16q are characteristic of spindle cell
lipoma {442}. 

Prognostic factors
All tumours have followed a benign
course following marginal local excision.
However, the reported follow-up time is
limited (up to 26 months).

B CA
Fig. 2.36 Mammary-type myofibroblastoma. A Note the bland spindle cells with tapering nuclei, collagenous stroma and conspicuous mast cells. B The spindle cells are
consistently immunopositive for desmin. C In most cases, the spindle cells are also positive for CD34.

Calcifying aponeurotic fibroma G. Farshid

Definition
Calcifying aponeurotic fibroma (CAF) is
a small tumour of the palms and soles of
children with a propensity for local recur-
rence. Foci of calcification, palisaded
round cells and radiating arms of fibrob-
lasts characterise this lesion.

ICD-O code 8810/0

Synonym
Juvenile aponeurotic fibroma.

Epidemiology
CAF is very rare. The age range spans 0-
64 with a median of 12 years. A slight
male predisposition is found without
familial or racial clustering. A case with
multiple lesions has been reported {907}. 

Sites of involvement
Palms, soles, wrists and ankles are typi-
cal sites of involvement. Back, arms,
legs, neck and abdominal wall are rarely
affected {657}. CAF arises near tendons,
fascia and aponeuroses.

Clinical features 
CAF presents as a solitary, small, slowly
growing, poorly circumscribed non-ten-
der mass. Plain X-rays show a soft tissue
mass, possibly with stippled calcifica-
tions.

69Mammary-type myofibroblastoma / Calcifying aponeurotic fibroma

BA
Fig. 2.37 Calcifying aponeurotic fibroma. A 1478 The spindle cell component resembles fibromatosis. B 1336
Paucicellular lesion with focal hyalinization.
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Macroscopy
CAF forms a firm, pale, infiltrative mass,
usually <3 cm, with a gritty cut surface. 

Histopathology
The typical lesion has two components:
(1) nodular deposits of calcification,
each surrounded by a palisade of round-

ed, chondrocyte-like cells, arranged in
short, parallel arrays, (2) a less cellular,
spindled, fibroblastic component
between the coalescent calcified nod-
ules and emanating into the surrounding
soft tissues. 
The stroma of nodules is usually hyalin-
ized but may have chondroid features.

Osteoclastic giant cells may border the
calcium. The lesion may engulf nerves
and blood vessels. Degenerate nuclei
may be present in the calcified areas but
coagulative necrosis or numerous
mitoses are not features of CAF {43,
657}.
An uncommon variant seen in very
young children has a more diffuse growth
pattern. Greater cellularity and a paucity
of the mineralised matrix also charac-
terise CAF in the very young.

Immunophenotype
The limited number of cases examined
have variably expressed vimentin,
smooth muscle actin, muscle specific
actin, CD99 and S100 protein {657}.

Ultrastructure
Cells with features of chondrocytes,
fibroblastic cells and occasional myofi-
broblastic cells are found on electron
microscopy {1019}.

Prognostic factors 
Up to 50% of patients experience local
recurrence, usually within 3 years of
diagnosis (range <1-9 yrs). This may be
repeated but is not destructive or
aggressive. Local recurrence is more
likely in individuals <5 years of age but
the likelihood of recurrence is not pre-
dictable on the basis of morphology,
location or the completeness of the pri-
mary excision. The natural history of the
lesion is one of reduced growth with age. 
Because local recurrence is not destruc-
tive, re-excision should be considered
only for symptomatic relief and should
conserve functionally important struc-
tures even if they are involved by tumour.
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Fig. 2.38 Calcifying aponeurotic fibroma. Typical nodule with central hyalinization and incipient calcifica-
tion.

BA
Fig. 2.39 Calcifying aponeurotic fibroma. A 1335 Calcification within a nodule. B 1489 Hyalinized area with
chondroid features.
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Angiomyofibroblastoma C.D.M. Fletcher

Definition
A benign, well-circumscribed myofibrob-
lastic neoplasm, usually arising in the
pelviperineal region, especially the
vulva, and apparently composed of stro-
mal cells distinctive to this anatomic
region. There may be morphologic over-
lap with cellular angiofibroma.

ICD-O code 8826/0

Epidemiology
Angiomyofibroblastoma is uncommon,
having an incidence comparable to
aggressive angiomyxoma.
These tumours arise predominantly in
females, principally in adults between
menarche and menopause {687,738,
1223,1564,1593}. Around 10% of
patients are postmenopausal.
Convincing examples have not been
described before puberty. Rare cases
occur in males {687,1593}. 

Sites of involvement
Virtually all cases arise in pelviperineal
subcutaneous tissue, with the majority
arising in the vulva. Around 10-15% of
cases are located in the vagina. Lesions
in men occur in the scrotum or parates-
ticular soft tissue.

Clinical features
Most cases present as a slowly enlarg-
ing, painless, circumscribed mass. The
most frequent preoperative diagnosis is
Bartholin’s gland ‘cyst’. The aetiology is
unknown.

Macroscopy
These lesions are well circumscribed but
not encapsulated, with a tan/pink cut
surface and a soft consistency. Necrosis
is not seen. Most cases measure less
than 5 cm in maximum diameter,
although rare examples measuring up to
10 cm have been recognized.

Histopathology
Tumours are generally well demarcated
by a thin fibrous pseudocapsule and, at
low power, show varying cellularity with

prominent vessels throughout. Vessels
are mostly small, thin-walled and ectatic
and are set in an abundant loose, oede-
matous stroma. The tumour cells are
round-to-spindle shaped with
eosinophilic cytoplasm and typically are
concentrated around vessels. Mitoses
are rare. Binucleate and multinucleate

tumour cells are common. Some cases
show very plasmacytoid or epithelioid
cytomorphology and rare examples
show degenerative (‘ancient’) nuclear
hyperchromasia and atypia. Around 10%
of cases have a variably prominent well
differentiated adipocytic component. In
post-menopausal patients the stroma is

Fig. 2.40 Angiomyofibroblastoma. A A typically well demarcated tumour which (B) is more cellular and vas-
cular than aggressive angiomyxoma. Note the adipocytic component.

A

B
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often less oedematous and more fibrous
and there may be hyalinization of vessel
walls. Some cases show morphologic
overlap with cellular angiofibroma (see
page 73) and rare cases show morpho-
logic overlap with aggressive angiomyx-
oma {826}. 

Immunohistochemistry
The majority of cases show strong and
diffuse desmin positivity, while, at most,
there is usually only focal positivity for
smooth muscle actin or pan-muscle actin

{687,1564,1593}. Desmin staining may
be reduced or absent in post-
menopausal cases. Tumour cells are
consistently positive for oestrogen recep-
tor and progesterone receptor {1223,
1593}, occasionally positive for CD34
and negative for S100 protein, keratin
and fast myosin.

Ultrastructure
Tumour cells show fibroblastic or 
myofibroblastic features by electron
microscopy {687,1564}. 

Prognostic factors
Angiomyofibroblastoma is entirely
benign and has never been reported to
recur locally, even after marginal local
excision. There is one reported case of a
clinically malignant counterpart of
angiomyofibroblastoma {1566}.
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Fig. 2.41 Angiomyofibroblastoma. A Tumour cells and vessels are set in a loose oedematous stroma. B Binucleate and multinucleate cells are frequent and may have
a plasmacytoid appearance. C In this example, the tumour cells are focally clustered with an epithelioid appearance. D Immunopositivity for desmin is a typical feature
in most cases.
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Definition
Cellular angiofibroma (CA) is a benign,
highly cellular and richly vascularised
mesenchymal neoplasm that usually
arises in the superficial soft tissues of the
vulva and in the inguinoscrotal region of
men. The tumour may be related to
angiomyofibroblastoma, with which it
shares certain morphological features.

ICD-O code 9160/0

Synonym
Male angiomyofibroblastoma-like tumour
{1222}.

Epidemiology
Cellular angiofibroma is a rare neoplasm
that has been described in small series
{1222,1585} and in case reports {393,
413,1216}. Cellular angiofibroma has a
peak incidence in the fifth through sev-
enth decades of life. 

Sites of involvement
Although the vulva and inguinoscrotal
region are classic locations for cellular
angiofibroma, rare examples of tumours
microscopically resembling cellular
angiofibroma have been described in the
retroperitoneum {1584}, perineum
{1585}, and subcutaneous tissue of the
chest {770}. 

Clinical features
Patients usually present with a painless
mass. In males, the mass may be asso-
ciated with hernia or hydrocoele {1222}. 

Aetiology
The aetiology is unclear. However, the
immunohistochemical expression of
estrogen and progesterone receptor pro-
teins in a small number of cases {1216,
1222} suggests that these hormones
may have a role in the pathogenesis of
the neoplasm. 

Macroscopy
Cellular angiofibroma of the vulva is gen-
erally small (less than 3 cm) {1585},
whereas cases in males tends to be larg-
er in size (range, 2.5 to 14 cm) {1222}.
The tumours appear as round, oval, or
lobulated well-circumscribed nodules.
The consistency of the lesion varies from
soft to rubbery and the cut surface is
solid with a grey-pink to yellow-brown
colour. 

Histopathology
The tumours are typically well circum-
scribed and may or may not possess a
fibrous pseudocapsule. Cellularity is
variable. The main proliferating element
is a spindle cell with a cytologically-
bland, oval to fusiform nucleus and a

scanty amount of lightly eosinophilic
cytoplasm with ill defined borders.
Epithelioid-appearing neoplastic cells
are focally present in some examples .
Cytological atypia has been reported in a
few cases {1222,1585}. The tumour cells
grow in vague fascicles or in a random
fashion. Although mitotic rate can be
brisk in cellular angiofibroma {1585},
mitotic activity in male cases is typically
negligible {1222}. Atypical mitotic figures
and necrosis are absent. The vascular
component consists of numerous small 

W.B. LaskinCellular angiofibroma

Fig. 2.42 Cellular angiofibroma is usually a well cir-
cumscribed neoplasm. A thick, fibrous pseudocap-
sule surrounds this example.

BA
Fig. 2.43 Cellular angiofibroma. A The vascular component consists primarily of numerous small to medium-sized open vessels with hyaline walls. B Regressive and
degenerative changes include organizing intraluminal thrombi, intramural inflammation, extravasated red blood cells, and haemosiderin deposits.
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to medium-sized vessels distributed
rather uniformly throughout the process.
Perivascular hyaline fibrosis is present to
some degree in all tumours. Intralesional
fat in the form of small aggregates or
individual adipocytes has been
described in close to one-half of reported
tumours {393,770,1222,1585} where it
generally comprises less than 5% of the
tumour area and is usually located near
the periphery of the lesion. The stroma
consists primarily of fine collagenous
fibres. Additional stromal elements may
include scattered thick bundles of
eosinophilic collagen, a myxoid and
oedematous stromal matrix, and
hypocellular collagenous bands parti-
tioning lesional tissue {1222}. Regressive
or degenerative changes, including
intravascular thrombi, extravasation of
red blood cells and haemosiderin depo-
sition, and cystic (pseudoangiomatous)
stromal alteration are more common in
males. Scattered mast cells are present
in almost all tumours, whereas interstitial
and perivascular chronic inflammation is
more often noted in males.

Immunophenotype
The tumour cells show strong, diffuse
expression of vimentin. CD34 expression
has been documented in close to one-
third of tumours tested {1216,1222,
1585}. Although cellular angiofibroma in
females has consistently been shown not
to express actin(s) or desmin {393,413,
770,1216,1585}, cases in males demon-
strate more variable expression of mus-
cle-specific and smooth muscle actin
and desmin {1222}. 

Prognostic factors
Although clinical follow-up data for CA is
limited, only one case has been reported
to recur {413,1216,1222,1585}. A com-
plete (local) excision with uninvolved
margins is adequate therapy for these
benign neoplasms.

Fig. 2.44 Cellular angiofibroma. A Note the prominent dilated vessels with variably hyalinized walls and the
short spindle cell fascicles. B The spindle cell cytomorphology is reminiscent of spindle cell lipoma. Note also
the stromal mast cells.

A

B
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Definition
Nuchal-type fibroma (NTF) is a rare
benign hyalinized fibroblastic prolifera-
tion involving dermis and subcutis.

ICD-O code 8810/0

Synonym
Nuchal fibroma.

Epidemiology
NTF is significantly more common in men
with a peak incidence during the third
through fifth decades.

Sites of involvement
NTF typically affects the posterior neck
region but can also occur in a number of
other sites. Most of the extranuchal
tumours are usually located in the upper
back region, but other locations such as
the face, extremities, and others can be
encountered {600}. Because these
extranuchal lesions are histologically
indistinguishable from the nuchal exam-
ples, the designation nuchal-type fibro-
ma was proposed to encompass all his-
tologically similar lesions irrespective of
their site of origin {1438}. 

Clinical features
The mean greatest tumour dimension is
slightly over 3 cm {1438}. It has hard
consistency and white colour. The
patients are usually asymptomatic.
Interesting is the relationship between
the patients with NTF and diabetes melli-
tus {11}. Up to 44% of patients with NTF
in one series had diabetes mellitus
{1438}.

Histopathology
NTF is an unencapsulated, poorly cir-
cumscribed, paucicellular lesion com-
posed of thick, haphazardly arranged
collagen fibres. In the central parts of the
lesion, the collagen bundles intersect
and form a vaguely lobular architecture.
Compared with normal tissue from the
nuchal area, NTFs show similarly thick
collagen fibres. However, in NTF there is
an expansion of collagenized dermis
with encasement of adnexa, effacement
of the subcutis with entrapment of
adipocytes, and, in many cases, exten-
sion into the underlying skeletal muscle.
A delicate network of elastic fibres is
observed between the collagen fibres.
Thus, NTFs appear to represent a local-

ized accentuation of the poorly cellular,
collagenous connective tissue that nor-
mally resides in these sites. Scant num-
bers of lymphocytes are present in a
minority of cases, but inflammatory fea-
tures are never prominent. Many NTFs
contain a localized proliferation of nerve
twigs, similar to that seen in traumatic
neuromas {113}, and in rare cases, there
can be also perineurial fibrosis, as seen
in Morton neuroma. These changes are
probably the result of repetitive minor
trauma or a response by small nerves to
the local accumulation of collagen. NTF
is histologically indistinguishable from
Gardner fibroma (see below). 

Immunophenotype
Immunohistochemically the lesions are
vimentin, CD34 and CD99 positive and
negative with antibodies to actins and
desmin {526,1438,2337}.

Prognostic factors
NTF often recurs but does not metastasize.

M. MichalNuchal-type fibroma
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BA
Fig. 2.45 Nuchal-type fibroma. A Entrapment of the adipose tissue by hypocellular collagenous tissue is a typical histological feature. B Note the tightly encased twigs
of peripheral nerve.
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Gardner fibroma C.M. Coffin

Definition
Gardner fibroma is a benign soft tissue
lesion consisting of thick, haphazardly
arranged collagen bundles with inter-
spersed bland fibroblasts, a plaque-like
growth pattern with infiltration and
entrapment of surrounding structures,
and an association with desmoid-type
fibromatosis and familial adenomatous
polyposis / Gardner syndrome.

ICD-O code 8810/0

Epidemiology
Gardner fibroma is an uncommon soft tis-
sue lesion. It affects predominantly
infants, children, and adolescents. There
is no sex predilection. Diagnosis of
Gardner fibroma in early childhood can
serve as the sentinel event for identifying
Gardner syndrome kindreds and children
with de novo APC germline mutations.

Sites of involvement
Gardner fibroma involves superficial and
deep soft tissues of the paraspinal region,
back, chest wall, flank, head and neck,
and extremities {2227}. A similar mesen-
teric lesion has been reported as "des-
moid precursor lesion" in patients with
familial adenomatous polyposis {363}.

Clinical features
Patients with Gardner fibroma develop ill
defined, plaque-like masses in superfi-
cial or deep soft tissue {2227}. The mass
is usually asymptomatic, but may
become painful with growth. Desmoid-
type fibromatoses have arisen in the
sites of Gardner fibromas {42,2227}. With
imaging studies, Gardner fibroma
appears as a dense plaque-like mass.

Macroscopy
Gardner fibroma ranges in size from 1 to
10 cm and involves superficial and deep
soft tissues. The poorly circumscribed
mass is firm, rubbery, and has a plaque-
like appearance. The cut surface is white
to tan-pink with scattered yellow areas
representing entrapped adipose tissue
{2227}.

Histopathology
The hypocellular proliferation of hap-
hazardly arranged, coarse collagen
bands contains scattered bland spindle
cells and small blood vessels {2227}.
The central portion of the lesion is 
uniform and displays a cracking artefact
between the dense collagen bundles.
Peripherally, the collagen extends into
adjacent tissues and entraps fat, muscle,
and nerves. A sparse mast cell 
infiltrate is present {2227}.

Immunophenotype
The spindle cells in Gardner fibroma
are positive for vimentin and CD34 
and negative for smooth muscle 
actin, muscle specific actin, desmin, 
oestrogen receptor, and proges-
terone receptor proteins {526,2226,
2227}.

Genetic susceptibility
Among the reported cases of Gardner
fibroma, more than 90% were associated
with Gardner syndrome, familial adeno-
matous polyposis, and/or APC mutation.

Prognostic factors
45% of patients developed subsequent
desmoid-type fibromatoses {42,2227}.
Accurate identification of Gardner fibroma,
especially in childhood, is critical for rec-
ognizing underlying Gardner syndrome,
addressing the high risk of development of
classic desmoid-type fibromatosis, and
instituting early and close monitoring of
the patient and other relatives for manifes-
tations of adenomatous polyposis coli
{2227}. Consideration should also be
given to the diagnosis of Gardner fibroma
in paediatric lesions resembling nuchal-
type fibroma {42,2226,2227}.

BA

DC
Fig. 2.46 Gardner fibroma. A Low power view of a paraspinal example in a young child showing a hypocellular
fibrous lesion with entrapment of skeletal muscle and clusters of adipocytes. B Central areas of Gardner fibro-
ma display hypocellular sheets of haphazardly arranged thick and thin collagen bands with sparse spindle cells.
C Small bland spindle cells dispersed in cracks between collagen fibres. D CD34 staining identifies spindle cells
between coarse collagen fibres.
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Calcifying fibrous tumour E. Montgomery

Definition
Calcifying fibrous tumour is a rare,
benign fibrous lesion usually affecting
children and young adults. It is paucicel-
lular, with fibroblasts, dense collageniza-
tion, psammomatous and dystrophic cal-
cification, and patchy lymphoplasmacyt-
ic infiltrates.

ICD-O code 8810/0

Synonyms
Childhood fibrous tumour with psammo-
ma bodies {1809}, calcifying fibrous
pseudotumour.

Epidemiology 
Most soft tissue examples affect children
and young adults without gender
predilection {448,659,948,1306,1539}.
Visceral examples usually occur in
adults {157,337,868,1707}.

Sites of involvement 
Tumours were originally described in the
subcutaneous and deep soft tissues
(extremities, trunk, neck, and scrotum)
{659,1809} but have subsequently been
reported all over the body, notably in the
mesentery and peritoneum {157,337,
1148,1539,1951,2256}, pleura (some-
times multiple) {606,868,1707}, medi-
astinum {557}, and adrenal gland {571}.

Clinical features
Soft tissue examples present as painless
masses. Visceral examples may produce
site-specific symptoms {157,868,1707}.
Radiographs show well marginated, non-
calcified tumours. Calcifications are
apparent on CT and may be thick and
band-like or punctate {606}. On MRI,
masses appear similar to fibromatoses,
with a mottled appearance and a signal
closer to that of muscle than fat {659}.

Aetiology
Although examples have followed trau-
ma {1707,2336} and have occurred in
association with Castleman disease
{448} and inflammatory myofibroblastic
tumours {1714,2176}, the pathogenesis
remains unknown. 

Macroscopy
Tumours are well marginated but unen-
capsulated, ranging in size from <1 to 15
cm. Some show indistinct boundaries
with infiltration into surrounding tissues.
On occasion, a gritty texture is noted on
sectioning, which reveals a firm whitish
lesion.

Histopathology
Tumours consist of well circumscribed,
unencapsulated, paucicellular, hyalin-
ized fibrosclerotic tissue with a variable

inflammatory infiltrate consisting of lym-
phocytes and plasma cells. Lymphoid
aggregates may be present. Calcifica-
tions, both psammomatous and dys-
trophic, are scattered throughout. 

Immunophenotype 
Lesional cells express vimentin and fac-
tor XIIIa, but usually lack actins, desmin,
factor VIII, S100 protein, neurofilament
protein, cytokeratins, CD34, and CD31.
The immunophenotype differs from that
of inflammatory myofibroblastic tumours
in that most calcifying fibrous tumours

Fig. 2.47 Fat suppressed, gadolinium-enhanced T1
MRI of a calcifying fibrous tumour.

BA
Fig. 2.48  A Calcifying fibrous tumour. The lesion is well marginated but not encapsulated. Note the psammomatous calcifications. B 530 Lymphoid follicles in this calci-
fying fibrous tumour.
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lack actin and anaplastic lymphoma
kinase (ALK) {948,1951}. Occasional
lesions have expressed CD34 {948,
2256}.

Ultrastructure
On electron microscopy, fibroblasts are
accompanied by collagen fibrils. The
dystrophic and psammomatous calcifi-
cations are observed as electron-dense
amorphous masses and laminated bod-
ies, respectively, within the cytoplasm of
fibroblasts and in the collagenous stro-
ma. Cytoplasmic degeneration may be
an initial event in intracytoplasmic calcifi-
cation; extracellular calcified material
often abuts fibroblasts {1306,1707}.

Prognostic factors
These lesions are benign; occasional
recurrences are recorded and may be
repeated {659,948}.
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Fig. 2.49 Calcifying fibrous tumour. Calcifications are seen in a background with dense collagen and scattered
plasma cells.
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Definition
A non-recurring, benign neoplasm con-
taining multinucleated giant stromal cells
and angiectoid spaces. Giant cell
angiofibroma may belong to the solitary
fibrous tumour group.

ICD-O code 9160/0

Epidemiology
Described in 1995 {491}, giant cell
angiofibroma (GCA) is a distinctive
benign neoplasm which most often
involves the orbital region and eyelids of
middle-aged adults (median age : 45
years). Orbital GCA predominates in

males {491,912}, whereas extraorbital
lesions predominate in female patients
{853,2109}.

Sites of involvement
GCA is usually observed in the orbital
region, including the eyelids, the naso-
lacrimal duct and the lacrimal sac region
{491,912}. It has also been observed in
the head and neck region outside the
orbit (scalp, retroauricular region, parotid
gland, cheek, submandibular region,
buccal mucosa), as well as in the poste-
rior mediastinum {740}, back, axillary
and inguinal regions, retroperitoneum,
and vulva {491,853,1454,2109}. Most

extraorbital lesions are located subcuta-
neously. 

Clinical features 
GCA usually presents clinically as a
slowly growing, sometimes painful {2109}
mass.

Macroscopy
Grossly, GCAs are well circumscribed,
variably encapsulated, small (median : 3
cm) lesions. Upon section, haemorrhagic
and/or cystic changes may be observed.
Soft tissue lesions tend to be larger than
orbital-region tumours, sometimes meas-
uring up to 10 cm {1950,2109}.

L. Guillou
J.A. BridgeGiant cell angiofibroma

DC

BA

Fig. 2.50 A A giant cell angiofibroma of the vulva presenting as a well-circumscribed nonencapsulated mass. B Giant cell rich areas often contain characteristic
medium-sized to small thick-walled vessels. C Multinucleated giant cells lining pseudovascular spaces in giant cell angiofibroma. D Morphological appearance of mult-
inucleated giant stromal cells in giant cell angiofibroma.
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Histopathology
The tumour displays a varying combina-
tion of cellular areas composed of bland
round to spindle cells, collagenous or
myxoid stroma with focal sclerotic areas,
medium-sized to small thick-walled ves-
sels, and multinucleated giant stromal
cells, often lining angiectoid spaces
{491,853,912,2109}. The number of giant
cells may vary from one tumour to anoth-
er, and pseudovascular spaces may
occasionally be absent.

Immunophenotype
Mononuclear and multinucleated stromal
cells are characteristically positive for

CD34, CD99 and, less frequently, BCL2
{853,2109}.

Genetics
Cytogenetic analysis of one case arising
in the orbit revealed abnormalities of
chromosome band 6q13 {1988}. 

Prognostic factors
Nearly all GCA show benign behaviour;
recurrences after complete excision are
exceptional {491,853,2109}.
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Fig. 2.51 Strong immunoreactivity of mono- and
multinucleated stromal cells for CD34.
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Definition
Superficial fibromatoses are fibroblastic
proliferations that arise in the palmar or
plantar soft tissues and are character-
ized by infiltrative growth. They have a
tendency toward local recurrence but do
not metastasize.

ICD-O code 
Palmar / plantar fibromatosis        8821/1

Synonyms
Palmar fibromatosis: Dupuytren disease,
Dupuytren contracture.
Plantar fibromatosis: Ledderhose disease.

Epidemiology
Palmar fibromatosis tends to affect adults
with a rapid increase in incidence with
advancing age. Rarely, patients younger
than 30 years of age are affected. The
condition is three to four times more com-
mon in men and is most common in
Northern Europe and in those parts of the
world now settled by Northern
Europeans {1455}. These lesions are
quite rare in non-Caucasian populations
{1478}. In contrast, plantar lesions have a
much greater incidence in children and
adolescents {45}. Although plantar
lesions arise more commonly in men, the
gender difference is not as great as that
found in palmar lesions. Both forms of

fibromatosis have been linked with
numerous other disease processes
including other forms of fibromatosis.
Approximately 5% to 20% of palmar
fibromatoses are associated with plantar
lesions, and up to 4% of patients also
have penile fibromatosis (Peyronie dis-
ease) {195}. 

Sites of involvement
Palmar lesions occur on the volar surface
of the hand with a slight predilection for
the right palmar surface. Almost 50% of
cases are bilateral. Plantar lesions arise
within the plantar aponeurosis, usually in
non-weight-bearing areas. Cases arising
in children tend to occur in the antero-
medial portion of the heel pad {799}. 

Clinical features
For palmar lesions, the initial manifesta-
tion is typically that of an isolated firm
palmar nodule that is usually asympto-
matic and which ultimately results in
cord-like indurations or bands between
multiple nodules and adjacent fingers.
This often leads to puckering of the over-
lying skin, and flexion contractures prin-
cipally affecting the 4th and 5th digits.
Plantar lesions present as a firm subcu-
taneous nodule or thickening that
adheres to the skin and is frequently
associated with mild pain after long

standing or walking. Plantar lesions only
exceptionally result in contraction of the
toes {366}. 

Aetiology
The pathogenesis is multifactorial and
includes a genetic component, as many
patients have a significant family history
of this disease {1271}. Trauma likely also
has a central role. The coexistence of
these diseases with epilepsy, diabetes
and alcohol-induced liver disease sug-
gests that factors other than trauma are
also important. 

Macroscopy
Both lesions consist of small nodules or
an ill defined conglomerate of several
nodular masses intimately associated
with the aponeurosis and subcutaneous
fat. On cut section, both have a grey-yel-
low or white surface, although the colour
depends on the collagen content of the
lesion.

Histopathology
The proliferative phase is characterized
by a cellular proliferation of plump,
immature-appearing spindled cells that
vary little in size and shape, have nor-
mochromatic nuclei and small pinpoint
nucleoli. Plantar lesions are often notably
hypercellular. Mitotic figures are usually

J.R. Goldblum
J.A. Fletcher

Superficial fibromatoses

BA
Fig. 2.52 A Low power view showing typically multinodular growth pattern (within tendoaponeurotic fibrous tissue), as is usually seen in plantar lesions.
B In the early (proliferative) phase, palmar fascial or aponeurotic tissue is expanded by hypercellular spindle cell nodules.
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infrequent but may be focally prominent,
but the latter is not indicative of malig-
nancy (e.g. fibrosarcoma). Cells are inti-
mately associated with moderate
amounts of collagen and elongated ves-
sels. Older lesions are considerably less
cellular and contain increased amounts
of dense collagen. Occasional cases of
plantar fibromatosis contain notable
multinucleate giant cells {623}.

Immunophenotype
The cells strongly express vimentin and
variably stain for muscle-specific and
smooth muscle actin, depending upon

the stage and degree of myofibroblastic
differentiation.

Ultrastructure
Most cells have the features of fibrob-
lasts, although a proportion of the cells
has myofibroblastic features. 

Genetics
Chromosome aberrations have been
described in more than 50 cases, all
showing near-diplod karyotypes.
Simple numerical changes are typical,
particularly gain of chromosomes 7 or 8
{1477}.

Prognostic factors
Risk of local recurrence is most closely
related to the extent of surgical excision.
Dermofasciectomy followed by skin
grafting is associated with the lowest rate
of local recurrence {275,873}. For plantar
lesions, there appears to be an
increased risk of local recurrence in
those cases with multiple nodules, 
in patients with bilateral lesions, those
with a positive family history and those
who develop a postoperative neuroma
{49,2216}.

DC

BA

Fig. 2.53 A Early (proliferative) lesion of palmar fibromatosis showing bland fibroblastic / myofibroblastic cells. B Palmar fibromatosis. Late lesions associated with con-
tracture consist largely of densely hyalinized hypocellular collageneous tissue. C High magnification view of cytologically bland cells in a palmar fibromatosis. In this
example, the cells are widely separated by collagen. D Plantar fibromatosis may contain scattered osteoclastic giant cells.
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Definition
Desmoid-type fibromatoses are clonal
fibroblastic proliferations that arise in the
deep soft tissues and are characterized
by infiltrative growth and a tendency
toward local recurrence but an inability to
metastasize.

ICD-O codes 
Aggressive fibromatosis 8821/1
Abdominal (mesenteric) fibromatosis 
8822/1

Synonyms
Aggressive fibromatosis, musculoapo-
neurotic fibromatosis, desmoid tumour.

Epidemiology
Deep fibromatoses are rarer than their
superficial counterparts and are encoun-
tered in two to four individuals per million
population per year {1779}. In the paedi-
atric population, these lesions have an
equal sex incidence and most are extra-
abdominal. Patients between puberty
and 40 years of age tend to be female,
and the abdominal wall is the favoured
site in this group. Later in adulthood,
these tumours are equally distributed
between abdominal and extra-abdominal
locations and occur equally in both gen-
ders {914}.

Sites of involvement
Extra-abdominal fibromatoses may be
located in a variety of anatomic locations,
although the principal sites of involve-
ment are the shoulder, chest wall and
back, thigh and head and neck.
Abdominal tumours arise from muscu-
loaponeurotic structures of the abdomi-
nal wall, especially the rectus and inter-
nal oblique muscles and their fascial
coverings. Intra-abdominal fibromatoses
arise in the pelvis or mesentery.

Clinical features
Extra-abdominal fibromatoses typically
arise as a deep-seated, firm, poorly cir-
cumscribed mass that has grown insidi-
ously and causes little or no pain. Some
cases are multifocal. Although rare,

some lesions cause decreased joint
mobility or neurological symptoms.
Abdominal wall lesions typically arise in
young, gravid or parous women during
gestation or, more frequently, during the
first year following childbirth. Pelvic fibro-
matoses arise as a slowly growing palpa-
ble mass that is usually asymptomatic
and is often mistaken for an ovarian neo-
plasm. Mesenteric lesions may be spo-
radic or arise in patients with Gardner
syndrome. Most patients present with an
asymptomatic abdominal mass, but
some have mild abdominal pain. Less
commonly, patients with mesenteric
lesions present with gastrointestinal
bleeding or an acute abdomen second-
ary to bowel perforation. 

Aetiology
The pathogenesis is multifactorial and
includes genetic, endocrine and physi-
cal factors. Features suggesting an
underlying genetic basis include the
existence of familial cases and the pres-

ence of these lesions, particularly
mesenteric fibromatoses, in patients with
Gardner syndrome {859}. Endocrine fac-
tors are implicated by the frequent
occurrence of abdominal lesions during
or after pregnancy. Trauma likely also
serves as a contributory cause.

Macroscopy
These lesions are firm and cut with a grit-
ty sensation. On cross section, the cut
surface reveals a glistening white,
coarsely trabeculated surface resem-
bling scar tissue. Lesions in the
abdomen may appear well circum-
scribed. Most tumours measure between
5 and 10 cm. 

Histopathology
These lesions are typically poorly cir-
cumscribed with infiltration of the sur-
rounding soft tissue structures. All are
characterized by a proliferation of elon-
gated, slender, spindle-shaped cells of
uniform appearance, set in a collage-

J.R. Goldblum
J.A. FletcherDesmoid-type fibromatoses

BA

DC
Fig. 2.54 Extra-abdominal desmoid fibromatosis. A Note the whorled fibrous cut surface and poorly defined
margins to surrounding skeletal muscle. B Cellular proliferation of bland spindled cells arranged into ill
defined long fascicles. Regularly distributed blood vessels are evident. C Cells are spindled or stellate in
shape and have bland nuclear features. D Extensive keloid-like collagen deposition.
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nous stroma containing variably promi-
nent vessels, sometimes with perivascu-
lar oedema. The cells lack hyperchroma-
sia or atypia and have small, pale-stain-
ing nuclei with 1 to 3 minute nucleoli.
Cells are usually arranged in sweeping
bundles. As with superficial fibro-
matoses, the mitotic rate is variable.
Keloid-like collagen or extensive hyalin-
ization may be present. Some lesions,
particularly those arising in the mesen-
tery and pelvis, have extensive stromal
myxoid change and may show more
fasciitis-like cytomorphology.

Immunophenotype
The cells strongly express vimentin and
variably stain for muscle-specific and
smooth muscle actin. Rare cells may also
express desmin and S100 protein. 

Ultrastructure
Most cells have the features of fibrob-
lasts, although a proportion of the cells
have myofibroblastic features.

Genetics
Desmoid-type fibromatoses may contain
cell subpopulations with trisomies for
chromosomes 8 and/or 20 {251,267,433,
476,689,1986}. These numerical chromo-
somal aberrations are typically found in
no more than 30% of the fibromatosis
cells, and it is unlikely that they play a
crucial role at the inception of the
tumours {267,476,689}. Some clinical
series suggest a relationship between
the trisomies and more advanced dis-
ease, but there is no consensus that any
of these aberrations are prognostic in
patients with newly-diagnosed fibro-
matoses {438,444,476,689, 1161,1431}.
Inactivation of the APC tumour suppres-
sor on chromosome arm 5q, occurring
typically by point mutation or allelic dele-
tion, is a potential initiating event in

desmoid tumours. However, APC inacti-
vation is found primarily in desmoid
tumours from patients with familial poly-
posis, and is less common in patients
with sporadic desmoid tumours {261,
447,785,1481,1640,1919,2327}. Germ-
line APC mutations can result in familial
desmoid tumour syndromes in which the
polyposis component is either inconspic-
uous or even absent. 
The APC protein binds to beta-catenin,
which is an important cell signalling pro-
tein in the Wnt pathway. APC binding to
beta-catenin induces a chain of events
leading to degradation of beta-catenin,
and inhibition of Wnt pathway signalling
{1649,1819,1820}. Many sporadic
desmoid tumours contain activating
beta-catenin mutations, which render
beta-catenin resistant to the normal
inhibitory influence of APC {46,1249}.
These beta-catenin activating mutations
are generally "either/or" in relationship to
APC inactivating mutations {9,1483,

1841,2101}. Because both types of
mutation are manifested by stabilization
of the beta-catenin protein, these molec-
ular mechanisms can be addressed at a
screening level by immunohistochemical
staining for beta-catenin. Beta-catenin is
strongly expressed in most desmoid
tumours {9,1483}. Other distinctive
genetic features, that distinguish
desmoid tumours from most fibrosarco-
mas, include a paucity of BCL2, RB1,
and TP53 aberrations {966}. 

Prognostic factors
Local recurrence is frequent and most
closely related to the adequacy of surgi-
cal excision. However, attempts to
achieve tumour-free resection margins
may result in significant morbidity {1246,
1420}. Some cases may recur as a con-
sequence of multicentricity. Despite the
lack of metastatic potential, some
desmoids prove fatal due to local effects,
especially in the head and neck region.

Fig. 2.55 Desmoid fibromatosis. Note the irregular infiltration into adjacent skeletal muscle and adipose tissue.

B CA
Fig. 2.56 A Mesenteric desmoid fibromatosis, presenting as a typically large, macroscopically circumscribed mass. The cut surface of mesenteric examples is often myx-
oid. B Mesenteric fibromatosis with extensive myxoid change. C Ectatic blood vessels with perivascular hyalinization in a mesenteric fibromatosis.
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85Lipofibromatosis

Definition
A histologically distinctive fibrofatty
tumour of childhood, previously desig-
nated as infantile fibromatosis of non-
desmoid type, with predilection for distal
extremities.

Synonyms 
Infantile fibromatosis, non-desmoid type.

Clinical features
This rare paediatric tumour was recently
reported by Fetsch et al. {658}. It typical-
ly forms an ill defined slowly growing,
painless mass in hands and feet and
rarely occurs in the thigh, trunk and
head. The tumour has been described
exclusively in children from infancy to the
early second decade and in some cases
has been congenital; the median age for
first surgery is 1 year. There is an over
2:1 male predominance.

Macroscopy
Grossly the lesion is yellowish or whitish
tan, with a fatty component typically evi-
dent. It usually measures 1-3 cm and
rarely exceeds 5 cm, with a median size
of 2 cm.

Histopathology
Microscopically the tumour is composed
of alternating streaks of mature adipose
tissue and a fibrous spindle cell compo-
nent mainly involving the septa of adi-
pose tissue. This constellation resembles
that of fibrous hamartoma of infancy,
except that there is no primitive oval cell

component with myxoid stroma. The
lesion differs from other forms of fibro-
matosis by the architectural preservation
of fat and lack of solid fibrous growth.
Mitotic activity is low and nuclear atypia
is absent. Many cases contain minute
collections of small vacuolated cells near
the interface between the fibroblastic
element and the mature adipocytes.

Immunophenotype
The spindle cells are often focally posi-
tive for CD34, BCL2, S100 protein, actins

and EMA and may also be positive for
CD99. No reactivity has been detected
for desmin and keratins.

Prognostic factors
The tumour has a high rate of non-
destructive local recurrence, but there
is no metastatic potential. Congenital
onset, male sex, mitotic activity in the
fibroblastic component and incom-
plete excision may be risk factors for 
recurrence.

Lipofibromatosis M.M. Miettinen 
J.F. Fetsch

B CA
Fig. 2.58 Lipofibromatosis. A The spindle cell component is bland and may have a rather primitive fibroblastic appearance. B Fascicular growth of the fibroblastic ele-
ment. C Focally positive immunostaining for smooth muscle actin, consistent with fibroblastic / myofibroblastic differentiation.

Fig. 2.57 Lipofibromatosis. A Even admixture of fibroblastic and adipocytic components. B The relative propor-
tion of the two components is variable and the spindle cell areas may form delicate trabeculae.

BA
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This section combines two neoplastic
entities, the border between which has
become increasingly blurred.  In particu-
lar, the delineation of haemangiopericy-
toma as a separate entity may become
obsolete since its histopathological fea-
tures, as generally understood at the
present time, are shared by a variety of
soft tissue tumours. 

Definition
A ubiquitous mesenchymal tumour of
probable fibroblastic type which shows a
prominent haemangiopericytoma-like
branching vascular pattern. Morpho-
logically, extrapleural solitary fibrous
tumours (SFT) resemble pleural SFTs;
most were termed haemangiopericy-
tomas in the past.

ICD-O code 
Solitary fibrous tumour 8815/1

Epidemiology
Extrapleural SFTs are uncommon mes-
enchymal neoplasms of ubiquitous loca-
tion, observed in middle-aged adults
between 20 and 70 years (median: 50
years), with no sex predilection. Occasional
cases occur in children and adolescents.

Sites of involvement
SFTs may be found at any location. 40%
of tumours are found in the subcuta-

neous tissue, others are found in the
deep soft tissues of extremities or extra-
compartmentally in the head and neck
region (especially the orbit), thoracic
wall, mediastinum, pericardium,
retroperitoneum, and abdominal cavity.
Other described locations include the
meninges, spinal cord, periosteum as
well as organs such as the salivary
glands, lungs, thyroid, liver, gastro-intes-
tinal tract, adrenals, urinary bladder,
prostate, spermatic cord, testes, etc.
{27,283,895,896,1406,1561,2062,2073,
2254}.

Clinical features 
Most tumours present as well delineated,
slowly growing, painless masses. Large

tumours may give rise to compression
symptoms, especially in the nasal cavity,
the orbit and the meninges. Malignant
tumours are often locally infiltrative {736,
737,896,2167}. Rarely, large tumours
may be the source of paraneoplastic
syndromes such as hypoglycaemia due
to the production of an insulin-like growth
factor {545}.

Macroscopy
Most SFTs present as well circum-
scribed, often partially encapsulated
masses, measuring between 1 and 25
cm (median: 5 to 8 cm). On section, they
frequently have a multinodular, whitish
and firm appearance; myxoid and haem-
orrhagic changes are occasionally

Extrapleural solitary fibrous tumour
and haemangiopericytoma

Solitary fibrous tumour

Fig. 2.59 Extrapleural solitary fibrous tumour and related lesions.

B CA
Fig. 2.60 A Gross appearance of an extrapleural solitary fibrous tumour. The lesion is well delineated and shows a multinodular and whitish appearance on cut sec-
tion. B An extrapleural solitary fibrous tumour presenting as a well circumscribed but nonencapsulated mass. C Strong immunoreactivity of the tumour cells for
CD99 in an extrapleural solitary fibrous tumour.
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observed {736, 896, 1406, 1561, 2062,
2167}. Tumour necrosis and infiltrative
margins (about 10% of cases) are most-
ly observed in locally aggressive or
malignant tumours {737, 896, 2167}.

Histopathology
Typical SFTs show a patternless architec-
ture characterized by a combination of
alternating hypocellular and hypercellu-
lar areas separated from each other by
thick bands of hyalinized, somewhat
keloidal, collagen and branching hae-
mangiopericytoma-like vessels. The non-
atypical, round to spindle-shaped tumour
cells have little cytoplasm with indistinct
borders and dispersed chromatin within
vesicular nuclei. Myxoid change, areas
of fibrosis and interstitial mast cells are
commonly observed. Mitoses are gener-
ally scarce, rarely exceeding 3 mitoses
per 10 high-power fields. Some SFTs
may contain mature adipocytes {1406,
2073} and/or giant multinucleated stro-
mal cells {896}, overlapping morphologi-

cally with the so-called lipomatous hae-
mangiopericytoma (see below) and giant
cell angiofibroma (see above).
Malignant SFT are usually hypercellular
lesions, showing at least focally moder-
ate to marked cytological atypia, tumour
necrosis, numerous mitoses ( 4 mitoses
per ten high-power fields) and/or infiltra-
tive margins {737,896,2167}. Rare cases
show abrupt transition from conventional
benign-appearing SFT to high grade sar-
coma, likely representing a form of dedif-
ferentiation.

Immunophenotype
Tumours cells in SFT are characteristical-
ly immunoreactive for CD34 (90 to 95%
of cases) {283,896,1406,1561,2062,
2167,2254}, and CD99 (70%) {1783}. 20
to 35% of them are also variably positive
for epithelial membrane antigen, BCL2
{343,2060}, and smooth muscle actin.
Focal and limited reactivity for S100 pro-
tein, cytokeratins and/or desmin has also
occasionally been reported {736,2167}. 

Ultrastructure
Ultrastructural features are nonspecific in
SFT. Tumour cells often demonstrate fea-
tures of fibroblastic, myofibroblastic
and/or (arguably) pericytic differentiation
{1406,1556,2073}.

Genetics
SFTs are cytogenetically heterogeneous
{441,682}. Demonstrable cytogenetic
aberrations are particularly uncommon in
smaller SFTs, but are found in most SFTs
larger than 10 cm in diameter {1452}. 

Prognostic factors
Although most cases are benign, the
behaviour of SFT is unpredictable.
Roughly, 10 to 15% behave aggressively,
thus long-term follow-up is mandatory
{736,896,2167}. There is no strict correla-
tion between morphology and behaviour.
However, most (but not all) histologically
benign SFTs prove to be non-recurring
and non-metastasizing lesions, and most
histologically malignant tumours behave

Fig. 2.61 Solitary fibrous tumour A Note the patternless architecture. B Stromal and perivascular hyalinization are common. C Keloidal-type collagen deposition is 
frequent. D Typically bland spindle cells with rather vesicular nuclei.

C D
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aggressively. Lesions located in the
mediastinum, abdomen, pelvis, and/or
retroperitoneum also tend to behave
more aggressively than those in the
limbs {736,737,896,2167}. Metastases
are most frequently observed in lungs,
bone and liver {2167}. 

Definition
The residual group of lesions, previously
combined under the term haemangioper-
icytoma, which closely resemble cellular
areas of solitary fibrous tumour (SFT) and
which appear fibroblastic in type. It has a
range of clinical behaviour and is closely
related to, if not synonymous with, SFT.

Historical annotation
Haemangiopericytoma (HPC), similar to
malignant fibrous histiocytoma, is a term
which has been used loosely to encom-
pass a wide variety of neoplasms which
have in common the presence of a thin-
walled branching vascular pattern
(described below) {294, 676, 1535}. 
As such, HPC is difficult to define at this
time as a discrete entity, although lesions
showing pericytic differentiation un-
doubtedly exist and were included in
Stout’s original descriptions {2036,
2040}.
The prototypical pericytic neoplasm is
myopericytoma {825} (see page 138)
and sinonasal HPC (see Tumours of the
Upper Respiratory Tract) also appears to
be pericytic in nature. 

Epidemiology
The discrete subset of lesions remaining
as HPC is rare. In light of the hetero-
geneity of lesions classified as HPC,
there are no meaningful estimates of inci-
dence. Myopericytoma appears sub-
stantially more common than the other
discrete subset of lesions known as HPC
which cannot currently be otherwise
classified.
The discrete subset of soft tissue lesions
known as HPC which currently justify
retention of this nomenclature occur most
often in middle-aged adults with an
apparent female predominance. 
Lesions formerly known as infantile HPC
fall within the spectrum of infantile myofi-
bromatosis {1412} (see respective sec-
tion on page 59).

Haemangiopericytoma

B CA
Fig. 2.62 Malignant extrapleural solitary fibrous tumours. A Hypercellularity and marked cytological atypia. Note the atypical mitosis. B Moderately cellular area with brisk
mitotic activity. C Hypercellularity, marked cytological atypia, and areas of tumour necrosis (left).

BA

ED
Fig. 2.63 Haemangiopericytoma. A This 12 cm pelvic mass was associated with hypoglycemia. Note the uniform, spongy cut surface. B,C,D Note the evenly distributed
cellularity (in contrast to usual SFT) and the prominent branching vascular pattern. E Even in the more solid areas, tumour cells are arranged around numerous thin-walled
vessels. Tumour cells are small with monomorphic nuclei and eosinophilic cytoplasm. F Diffuse positivity for CD34 is shared by the spectrum of lesions known as hae-
mangiopericytoma and solitary fibrous tumour.

C

F
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Sites of involvement
The subset of soft tissue lesions which,
for the time being, are still named HPC,
arise most often in deep soft tissue, par-
ticularly pelvic retroperitoneum. A small-
er proportion of cases arise in the proxi-
mal limbs or limb girdles. Histologically
comparable lesions also occur in the
meninges (see WHO Blue Book on
Tumours of the Nervous System).

Clinical features
Most tumours present as a slowly grow
ing mass which, in the abdomen, may
cause intestinal or urinary symptoms.
Occasional cases, similar to SFT, are
associated with hypoglycemia due to
secretion of insulin-like growth factor
{1671}.

Macroscopy
Convincing examples of so-called HPC
in soft tissue tend to be well-circum-
scribed masses with a yellowish or tan
cut surface and a fleshy or spongy con-
sistency. Large vessels may be evident
on the cut surface. Haemorrhage is com-
mon but necrosis is infrequent. Tumour
size is variable but most cases are 5-15
cm in maximum diameter.

Histopathology
The discrete residual subset of so-called
HPC closely resembles the cellular areas
of SFT, albeit with the consistent pres-
ence of numerous, variably ectatic or
compressed, thin-walled branching ves-
sels often having a staghorn configura-
tion. Tumour cells are usually closely
packed, spindle-shaped to round, of uni-
form size, with small amounts of pale or
eosinophilic cytoplasm with indistinct
margins and small, bland often vesicular
nuclei. Cytological pleomorphism is gen-
erally not a feature. In contrast to SFT,
stromal hyalinization and varying cellu-
larity are not usual features. The mitotic
rate is highly variable. Some cases con-
tain a prominent adipocytic component
(such cases are known as lipomatous
HPC – see below). These lesions also
often show varying cellularity and are
increasingly regarded as a variant of SFT.
Tumours which very often were classified
as HPC in the past include (among oth-
ers) solitary fibrous tumour (p. 86),
monophasic synovial sarcoma (p. 200),
infantile myofibromatosis (p. 59),
myopericytoma (p. 138), infantile
fibrosarcoma (p. 98), deep fibrous histio-

cytoma (p. 114) and mesenchymal chon-
drosarcoma (p. 255).

Immunohistochemistry
The discrete subset of so-called HPC,
comparable to SFT, shows fairly consis-
tent positivity for CD34 and CD99, both
of which are widely expressed in fibrob-
lastic tumours. Endothelial markers are
negative, as also (in most cases) are
actin and desmin.

Ultrastructure
Most of the lesions reported as HPC have
shown only undifferentiated spindle cell

or fibroblastic features. Convincing evi-
dence of true pericytic differentiation is
not seen.

Genetics
Few cytogenetically investigated HPCs,
located in the lung, tongue, brain, cere-
bellum, soft tissues, and intrabdominally,
have been reported {1477}. The vast
majority of cases have had near- or pseu-
dodiploid karyotypes with the number of
aberrations ranging from one to more
than 20. The chromosome aberrations
are quite disparate, but breakpoints in
12q13-15 and 19q13 have been identi-

Fig. 2.64 Lipomatous haemangiopericytoma. A Many such lesions show features of solitary fibrous tumour in
addition to containing numerous mature adipocytes. Note haemangiopericytoma-like branching vessels B An
intimate admixture of bland spindle cells and mature adipocytes.

A

B
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fied in almost half of the cases and one-
fourth of the cases, respectively. In two
cases, there was a balanced
t(12;19)(q13;q13), in one case as the
sole anomaly. Among the genomic imbal-
ances, losses are predominating.
Recurrent imbalances include loss of
segments in 3p, 12q, 13q, 17p, 17q, 19q,
and the entire chromosome 10, and gain
of 5q sequences.

Prognostic factors
At least 70% (probably more) of HPCs
pursue a benign clinical course, while
the remainder are malignant. Histological
criteria for malignancy are imprecise and
prognostication in HPC has long been
regarded as difficult. There have been no
recent prognostic studies confined to the

discrete subset of lesions which might
nowadays be termed HPC. However,
older data from major centres {598} sug-
gest parameters similar to those used
currently for SFT – specifically, 4 or more
mitotic figures per 10 high power fields is
the single feature most worrisome for
malignancy. The presence of necrosis or
nuclear pleomorphism, particularly in the
context of a tumour >5 cm in diameter
may also portend malignant behaviour.

Lipomatous haemangiopericytoma
Lipomatous haemangiopericytoma
(LHPC) is an uncommon, slow-growing,
almost non-recurring, non-metastasizing
mesenchymal neoplasm composed of
mature adipocytes and haemangioperi-

cytoma-like areas {696,852,1556}. LHPC
shares many features with SFT. Both
lesions occur in similar clinical settings,
although LHPC tends to predominate in
males (M/F ratio 2:1) and to affect prefer-
entially the deep soft tissues of the lower
extremity (especially the thigh) and
retroperitoneum. Morphologically, it is a
well demarcated neoplasm consisting of
a varying combination of patternless cel-
lular areas, prominent haemangiopericy-
toma-like vessels, variably collagenized
extracellular matrix, and lipomatous
areas made of mature adipocytes. The
non atypical tumour cells are consistent-
ly positive for CD99 and, less frequently,
for CD34 (75%) and BCL2 (60%) {852}.

B CA
Fig. 2.65 Lipomatous hemangiopericytoma. A Gross appearance of a well circumscribed retroperitoneal lesion. Cut section shows fibrous bands dissecting the lesion
from centre to periphery. B Similar to extrapleural solitary fibrous tumours, lipomatous hemangiopericytomas are well-delineated, often encapsulated masses. C
Immunoreactivity of the tumour cells for CD34.
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Definition
Inflammatory myofibroblastic tumour
(IMT) is a distinctive lesion composed of
myofibroblastic spindle cells accompa-
nied by an inflammatory infiltrate of plas-
ma cells, lymphocytes, and eosinophils.
It occurs primarily in soft tissue and vis-
cera of children and young adults.

ICD-O code 8825/1

Synonyms
Plasma cell granuloma {2008,2218},
plasma cell pseudotumour {1710},
inflammatory myofibrohistiocytic prolifer-
ation {2086}, omental mesenteric myxoid
hamartoma {809}, inflammatory pseudo-
tumour {1353,1750,2151,2301}. A close-
ly related term is inflammatory fibrosar-
coma {374,1392}.

Epidemiology
IMT is primarily a visceral and soft tissue
tumour of children and young adults,
although the age range extends through-
out adulthood. The mean age is 10
years, and the median is 9 years {376,
380,960,1044,1750,2250}. Overall, IMT
is most frequent in the first two decades
of life. There is a slight female predomi-
nance.

Aetiology
The aetiology is unknown. The finding of
human herpesvirus-8 DNA sequences
and overexpression of human interleukin
6 and cyclin D1 has been recently report-

ed in 7 cases {806}. IMT has been report-
ed following treatment for Wilms tumour
{2207}.

Sites of involvement
IMT can occur throughout the body, and
the most common sites are the lung,
mesentery, and omentum {376,380,
1701}. Among extrapulmonary IMT, 43%
arose in the mesentery and omentum
{380}. Other sites include soft tissue,
mediastinum, gastrointestinal tract, pan-
creas, genitourinary tract, oral cavity,

skin, breast, nerve, bone, and central
nervous system {30,203,722,960,998,
1044,1071,1434,1750,1912,1999,2086,
2130,2165,2209,2221,2250}.

Clinical features
The site of origin determines the symp-
toms of IMT. Pulmonary IMT is associat-
ed with chest pain and dyspnoea, but
may be asymptomatic {1701}.
Abdominal tumours may cause gastroin-
testinal obstruction. Dermatomyositis
and obliterative phlebitis are uncommon

C.M. Coffin
J.A. Fletcher

Inflammatory myofibroblastic tumour

Fig. 2.66 Inflammatory myofibroblastic tumour pre-
senting as a circumscribed, multinodular mass with a
variegated cut surface.

Fig. 2.67 Inflammatory myofibroblastic tumour. A The myxoid vascular pattern displays spindled myofibroblasts
dispersed in a myxoid background with lymphocytes and plasma cells. B Spindled myofibroblasts and ganglion-
like cells dispersed in a myxoid background with inflammatory reaction.

A

B
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manifestations {26,2297}. A mass, fever,
weight loss, and pain are frequent com-
plaints. In up to one-third of patients, a
clinical syndrome occurs with fever,
growth failure, malaise, weight loss,
anaemia, thrombocytosis, polyclonal
hyperglobulinemia, and elevated erythro-
cyte sedimentation rate {380,1999,
2043}. When the mass is excised, the
syndrome disappears, and its reappear-
ance heralds recurrence. 
Imaging studies reveal a lobulated solid
mass which may be inhomogeneous
{277,458}. Calcifications are sometimes
detectable {1071}.

Macroscopy
The gross appearance of IMT is a cir-
cumscribed or multinodular firm, white,
or tan mass with a whorled fleshy or myx-
oid cut surface. Focal haemorrhage,
necrosis, and calcification are seen in a

minority of cases. The mean diameter of
extrapulmonary IMT is 6 cm with a range
of 1-17 cm {380}. In some masses, a
zonal appearance with a central scar
and softer red or pink periphery is seen.
Multinodular tumours are usually restrict-
ed to the same anatomic region and may
be contiguous or separate.

Histopathology
The spindled myofibroblasts, fibroblasts,
and inflammatory cells of IMT form three
basic histological patterns {376,380}.
Loosely arranged plump or spindled
myofibroblasts in an oedematous myxoid
background with abundant blood ves-
sels and an infiltrate of plasma cells, lym-
phocytes, and eosinophils resemble
granulation tissue, nodular fasciitis, or
other reactive processes. A second pat-
tern is characterized by a compact fasci-
cular spindle cell proliferation with vari-

able myxoid and collagenized regions
and a distinctive inflammatory infiltrate
with diffuse inflammation, small aggre-
gates of plasma cells or lymphoid nod-
ules. This resembles a fibromatosis,
fibrous histiocytoma, or a smooth muscle
neoplasm. In some instances, the spin-
dled myofibroblastic cells surround
blood vessels or bulge into vascular
spaces, similar to infantile myofibromato-
sis or intravascular fasciitis. Ganglion-
like myofibroblasts with vesicular nuclei,
eosinophilic nucleoli, and abundant
amphophilic cytoplasm are often seen in
these two patterns. The third pattern
resembles a scar or desmoid-type fibro-
matosis, with plate-like collagen, lower
cellularity, and relatively sparse inflam-
mation with plasma cells and
eosinophils. Coarse or psammomatous
calcifications and osseous metaplasia
are occasionally seen {1809}.

BA
Fig. 2.68 Inflammatory myofibroblastic tumour. A The background contains collagen: the inflammatory infiltrate is focally dense. B Ganglion-like cells with vesicular nuclei
and large eosinophilic nucleoli are dispersed within the fibroblastic-myofibroblastic and inflammatory proliferation.

BA
Fig. 2.69  A This inflammatory myofibroblastic tumour (IMT) behaved in a malignant fashion. It has large atypical vesicular nuclei and could be labelled 'inflammatory
fibrosarcoma'. B Malignant transformation in IMT. In this example, the myofibroblasts are spindled to polygonal and show frequent mitoses and ganglion-like cells.
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Highly atypical polygonal cells with oval
vesicular nuclei, prominent nucleoli, and
variable mitoses, including atypical
forms, are seen in rare IMTs which under-
go histologic malignant transformation
{376,380,536}. Large ganglion-like cells
and Reed-Sternberg-like cells are also
seen {1475}. The round cell histiocytoid
pattern may develop after multiple recur-
rences.

Immunophenotype
Strong diffuse cytoplasmic reactivity for
vimentin is typical for virtually all IMT.
Reactivity for smooth muscle actin and
muscle specific actin varies from a focal
to a diffuse pattern in the spindle cell
cytoplasm, and desmin is identified in
many cases {380,1750,2209}. Focal
cytokeratin immunoreactivity is seen in
about one-third of cases. Myogenin,
myoglobin, and S100 protein are nega-
tive.
Immunohistochemical cytoplasmic posi-
tivity for ALK using a variety of mono-
clonal antibodies is detectable in
approximately 50% of IMTs and corre-
lates well with the presence of ALK
rearrangements (occurring mainly in chil-
dren) detectable by fluorescent in situ
hybridization {326,378,396,838,2330}.
However, ALK positivity is not specific for
IMT. TP53 immunoreactivity is rare and
has been reported in association with
recurrence and malignant transformation
{984}. IMT does not show immunoreac-
tivity for CD117 (KIT).

Ultrastructure
IMT displays ultrastructural features of
myofibroblastic and fibroblastic differen-
tiation. Spindle cells with poorly devel-
oped Golgi, abundant rough endoplas-
mic reticulum, and extracellular collagen
are seen, and some contain intracyto-
plasmic thin filaments and dense bodies
{380,1392}.

Genetics
IMT are heterogeneous genetically, as is
hardly surprising given the varied clinico-
pathological entities, which have been
grouped in this category. IMT in children
and young adults often contain clonal
cytogenetic rearrangements that activate
the ALK receptor tyrosine kinase gene in
chromosome band 2p23 {838,1226,
2047}. By contrast, such rearrangements
are uncommon in IMT diagnosed in
adults beyond 40 years old {326,1226}.
IMT with ALK genomic rearrangements
show constitutive activation and overex-
pression of the ALK kinase domain, and
both the ALK genomic rearrangements
and ALK protein activation are restricted
to the myofibroblastic component of the
tumours {258,378,396,838,1226}. The
inflammatory component is normal cyto-
genetically and does not express
detectable ALK protein. A subset of IMT
lack ALK oncogenic activation but con-
tain chromosmal rearrangements target-
ing the HMGIC (also known as HMGA2)
gene on chromosome 12 {1080}.
Notably, certain of the ALK activation

mechanisms in IMT are also found in
subsets of anaplastic large cell lym-
phomas {1212,2125}. Immunohistoche-
mical detection of the ALK C-terminal
end is undoubtedly the most efficient
method for identifying ALK oncoprotiens
in IMT {378,396}. The specificity of this
approach is conferred by the low-to-
absent expression of native ALK proteins
in nonneoplastic myofibroblasts.
Therefore, the finding of strong C-termi-
nal ALK expression provides strong evi-
dence for an oncogenic activating mech-
anism.

Prognostic factors
Extrapulmonary IMT has a recurrence
rate of approximately 25% related to
location, resectability, and multinodularity
{380}. Rare cases (<5%) also metasta-
size. Evidence suggests that a combina-
tion of atypia, ganglion-like cells, TP53
expression, and aneuploidy may help to
identify IMT with a more aggressive
potential {202,203,984,1163,1750}.
Unfortunately it is difficult to predict on
the basis of histopathological findings
alone in an individual case whether
recurrence or malignant transformation
will occur. Although surgery is the princi-
pal treatment, regression and response
to corticosteroids and nonsteroidal
inflammatory agents have been noted in
rare cases {374,376,1044,2048}.

B CA
Fig. 2.70 Inflammatory myofibroblastic tumour. A The scar-like pattern contains abundant plate-like collagen with lower cellularity and relatively sparse inflammation. B
Desmin is present in cytoplasm of myofibroblasts. C Cytoplasmic immunohistochemical reactivity for ALK (ALK1 antibody).
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Low grade myofibroblastic sarcoma T. Mentzel
J.A. Fletcher

Definition
Low grade myofibroblastic sarcoma rep-
resents a distinct atypical myofibroblas-
tic tumour often with fibromatosis-like
features and predilection for the head
and neck.

ICD-O code 8825/3

Synonym
Myofibrosarcoma.

Epidemiology
Given the lack of consensus on diagnos-
tic criteria, myofibroblastic sarcomas in
general are probably more common than
currently believed, and include a variety
of clinicopathological forms {1405}. Low
grade myofibroblastic sarcoma repre-
sents a distinct entity that occurs pre-
dominantly in adult patients with a slight
male predominance; more rarely chil-
dren are affected {1414,1495,1969}.

Sites of involvement
Low grade myofibroblastic sarcoma
shows a wide anatomic distribution, how-
ever, the extremities and the head and
neck region, especially the tongue and
the oral cavity, seem to be preferred
locations {1414,1495}. Rare cases
involving the salivary gland and the
nasal cavity / paranasal sinus have been
reported {201,1153}.

Clinical features
In most cases of low grade myofibrob-
lastic sarcoma patients complain about a
painless swelling or an enlarging mass.
Pain or related symptoms have been
more rarely reported. Clinically, local
recurrences are common, whereas
metastases only rarely occur and often
after a prolonged time interval {1414}.
Radiologically, these lesions have a
destructive growth pattern.

Macroscopy
Grossly, most cases are described as a
firm mass with pale and fibrous cut 
surfaces and mainly ill defined margins
{1414}; a minority of neoplasms are well

circumscribed with rather pushing mar-
gins {1495}.

Histopathology
Histologically, most cases of low grade
myofibroblastic sarcoma are character-
ized by a diffusely infiltrative growth pat-
tern, and, in deeply located neoplasms,
tumour cells may grow between individ-
ual skeletal muscle fibres. Most cases
are composed of cellular fascicles or
show a storiform growth pattern of spin-
dle-shaped tumour cells. Neoplastic

cells have ill defined palely eosinophilic
cytoplasm and fusiform nuclei that are
either elongated and wavy with an even-
ly distributed chromatin, or plumper,
more rounded and vesicular with inden-
tations and small nucleoli. More rarely,
hypocellular neoplasms with a more
prominent collageneous matrix and focal
hyalinization have been described.
Importantly, neoplastic cells show at
least focally moderate nuclear atypia
with enlarged, hyperchromatic and irreg-
ular nuclei and a slightly increased prolif

Fig. 2.71 Low grade myofibroblastic sarcoma, deep seated, presenting as a diffusely infiltrative spindle cell
neoplasm with a fascicular arrangement of neoplastic cells.

BA
Fig. 2.72 A This hypocellular low grade myofibroblastic sarcoma is composed of atypical spindled neoplastic
cells set in a prominent collegenous matrix. B Fusiform tumour cells in low grade myofibroblastic sarcoma con-
tain ill defined, pale, eosinophilic cytoplasm and spindle-shaped nuclei that are either vesicular with small
nucleoli and indentations or elongated and wavy, resembling neural differentiation.
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erative activity. These neoplasms may
contain numerous thin-walled capillaries.
Lymphocytes and plasma cells are not a
prominent feature.

Immunophenotype
Neoplastic cells in low grade myofibrob-
lastic sarcoma have a variable
immunophenotype: actin positive/desmin
negative, actin negative/desmin positive,
and actin positive/desmin positive cases.
In addition, tumour cells may stain posi-
tively for fibronectin, and focal expres-
sion of CD34 and CD99 has been report-
ed, whereas S100 protein, epithelial
markers, laminin, and h-caldesmon are
negative {1414}.

Ultrastructure
In contrast to smooth muscle cells, neo-
plastic cells in low grade myofibroblastic
sarcoma contain indented and clefted
nuclei, a variable amount of rough endo-
plasmic reticulum, and are surrounded
by a discontinous basal lamina. Unlike in
fibroblasts, randomly oriented intermedi-
ate filaments and thin filaments with focal
densities and subplasmalemmal attach-
ment plaques, a discontinous basal lam-
ina and often micropinocytic vesicles are
noted.

Genetics
Genetic aberrations have been des-
cribed in only a few low grade myofi-

broblastic sarcomas. The preliminary
reports are of karyotypes with a moder-
ate number of chromosomal aberrations,
substantially less complex than the kary-
otypes seen in most high grade myofi-
broblastic sarcomas {682}. 

Prognostic factors
The presence of increased proliferative
activity and tumour necrosis is associat-
ed with more aggressive behaviour
{1495}.

D
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Fig. 2.73 Immunohistochemically, tumour cells in low grade myofibroblastic sarcoma often stain positively for (A) desmin and (B) for alpha-smooth muscle actin. C, D EM
showing (C) a discontinuous basal lamina, (D) thin filaments with focal densities, subplasmalemmal attachment plaques, and micropinocytic vesicles.

BA

C
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Definition
Myxoinflammatory fibroblastic sarcoma
(MIFS) is a unique low grade sarcoma
with myxoid stroma, inflammatory infil-
trate and virocyte-like cells that predom-
inantly involves the hands and feet.

ICD-O code 8811/3

Synonyms
Inflammatory myxohyaline tumour of
the distal extremities with virocyte or
Reed-Sternberg-like cells {1496}, acral
myxoinflammatory fibroblastic sarcoma,
inflammatory myxoid tumour of the soft
parts with bizarre giant cells {1437}.

Epidemiology and aetiology
MIFS is rare and occurs primarily in
adults with a peak incidence in the fourth
and fifth decades. Males and females
are equally affected.
The prominent acute and chronic inflam-
mation seen in this lesion, presence of
inclusion-like nucleoli in tumour cells,
and history of a longstanding mass in
many patients raise the possibility of an
infectious aetiology. However, no evi-
dence of CMV or EBV has been detect-
ed in MIFS using immunohistochemical
and PCR techniques {1496}, and stains
for bacteria, fungi and mycobacteria
have been uniformly negative {1386}.

Clinical features 
Two large series of this entity, including
44 and 51 cases, indicate a predilection
for the distal extremities {1386,1496}.
Two-thirds of tumours involve the hands
and wrists and one-third the feet and
ankles. The elbows and knees are rarely
involved. Most patients have a relatively
long history of a slowly growing, poorly
defined mass that is occasionally associ-
ated with pain and decreased mobility.
The preoperative diagnosis in most
cases is benign and may include
tenosynovitis, ganglion cyst, and giant
cell tumour of tendon sheath.

Macroscopy
Most lesions are poorly defined and

multinodular and frequently have alter-
nating fibrous and myxoid zones. Tumour
size ranges from less than 1 to 8 cm;
median tumour size is 3–4 cm.

Morphology
The tumours typically infiltrate the subcu-
taneous fat and frequently involve the
joints and tendons. Dermal invasion is
often seen, whereas invasion of skeletal
muscle is rare. Bone involvement has not
been observed.
The most striking feature at low magnifi-
cation is a prominent dense, mixed acute
and chronic inflammatory infiltrate asso-
ciated with alternating hyaline and myx-
oid zones in variable proportions.
Aggregates of macrophages and uni-
form mononuclear cells with foci of
haemosiderin deposition closely resem-
ble pigmented villonodular synovitis.
There are three main types of neoplastic
cells seen in MIFS, including spindled
cells, large polygonal and bizarre gan-
glion-like cells with huge inclusion-like
nucleoli, and variably sized bubbly, mul-
tivacuolated lipoblast-like cells. These
cells may be scattered singly or form
coherent nodules.

Immunophenotype
The neoplastic cells are strongly positive
for vimentin, variably positive for CD68
and CD34, and rarely positive for smooth
muscle actin {1386}. Occasional cases
show weak cytokeratin positivity. More
importantly, they are negative for leuko-
cyte common antigen, T and B-cell
markers and CD30.

Ultrastructure
All three types of neoplastic cell display
features of fibroblasts, including abun-
dant rough endoplasmic reticulum and
mitochondria, and a network of interme-
diate filaments occasionally forming
densely packed perinuclear whorls
{1386}.
The tumour cells simulating lipoblasts
demonstrate cytoplasmic pseudoinclu-
sions containing extracellular mucinous
material.

Genetics 
The only case for which cytogenetic
information exists showed a t(1;10)
together with loss of chromosomes 3 and
13 {1213}.

Prognostic factors
Reported rates of local recurrence vary
widely, ranging from 20% to 70% {1386,
1496}. In one large series, repeated local
recurrences with proximal extension
eventually culminated in amputation in
more than one-third of patients who had
local recurrences {1386}. Differences in
reported rates of local recurrence may
be attributed to differences in primary
surgical treatment, a high rate of misdi-
agnosis as a benign tumour, and differ-
ences in length of clinical follow-up.
Metastases to distant lymph nodes and
lung occur but are exceedingly rare
(<2% of all reported cases), based on
currently available data {1386}.

Myxoinflammatory fibroblastic sarcoma L.G. Kindblom
J.M. Meis-Kindblom

Fig. 2.74 T1-weighted MRI with contrast enhance-
ment, showing an MIFS involving the dorsal foot.
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B
Fig. 2.75 Myxoinflammatory fibroblastic sarcoma (MIFS). A, B Note the alternating areas of myxoid tissue and more solidly cellular tissue containing inflammatory cells.

97Myxoinflammatory fibroblastic sarcoma

Fig. 2.76 Myxoinflammatory fibroblastic sarcoma (MIFS). Clusters of (A) macrophages and (B) lymphocytes may obscure the tumour cells.

Fig. 2.77 Myxoinflammatory fibroblastic sarcoma (MIFS). A Confluent myxoid nodules containing pleomorphic, bizarre, lipoblast-like cells. B Large polygonal fibroblasts
with inclusion-like nucleoli. Note the presence of prominent eosinophils.
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Infantile fibrosarcoma C.M. Coffin
J.A. Fletcher

Definition
Infantile fibrosarcoma (IFS) is histologically
identical to classic fibrosarcoma of adults,
but carries a much more favourable prog-
nosis. It occurs in infants and young chil-
dren, metastasizes rarely, and has a natural
history similar to that of fibromatoses. IFS is
morphologically and genetically related to
congenital mesoblastic nephroma.

ICD-O code 8814/3

Synonyms
Congenital fibrosarcoma {214}, congeni-
tal-infantile fibrosarcoma {377}, juvenile
fibrosarcoma {2038}, medullary fibro-
matosis of infancy, aggressive infantile
fibromatosis, congenital fibrosarcoma-
like fibromatosis, desmoplastic fibrosar-
coma of infancy, medullary fibromatosis
of infancy {40,1924}.

Epidemiology
IFS accounts for approximately 13% of
fibroblastic-myofibroblastic tumours in
children and adolescents {372} and 12%
of soft tissue malignancies in infants
{888}. 36%-80% of cases are congenital,
and 36%-100% of cases occur in the first
year of life {350,377,1017,1848,2001,
2038}. IFS is seldom encountered after 2
years of age {377} and in that context
would require cytogenetic confirmation.
There is a slight male predominance. 

Aetiology
The aetiology is unknown. No definite
predisposing factors, associated heredi-

tary diseases, or causative agents have
been demonstrated. Prenatal radiation,
multiple congenital anomalies, congeni-
tal naevus, meningomyelocele, and
Gardner syndrome have been reported
in sporadic cases {377,628,847,915}.

Sites of involvement
The superficial and deep soft tissues of
the extremities, especially distally, are
the most common sites, accounting for
61% of cases overall {117,214,350, 377}.
The trunk (19% of cases) and head and
neck (16%) are other major sites. The
mesentery and retroperitoneum are rarer
sites of origin. 

Clinical features
IFS presents as a solitary enlarging, non-
tender mass or swelling in the soft tis-
sues and grows rapidly {350,377,915,
2038}. The diameter may exceed 30 cm
{377}. Congenital and infantile cases are
often grotesquely large in proportion to
the size of the child. The overlying skin is
tense, erythematous, and ulcerated.
Imaging studies reveal a large soft tissue
mass with a heterogeneous enhance-
ment pattern and variable osseous ero-
sion {117,214,572}.

Macroscopy
IFS is a poorly circumscribed, lobulated
mass that infiltrates adjacent soft tissue.
Compression of adjacent tissue gives
the appearance of a pseudocapsule, but
the actual margins are irregular and infil-
trative. The cut surface is soft to firm,

fleshy, and grey to tan with variable
areas of myxoid or mucinous change,
cystic degeneration, haemorrhage,
necrosis, and yellow-red discoloration
{117,350,424,1808,2035,2038}.

Histopathology
The typical IFS is a densely cellular neo-
plasm composed of intersecting fasci-
cles of primitive ovoid and spindle cells
with a herringbone pattern or forming
interlacing cords, sinuous bands or
sheets of cells. Zonal necrosis and haem-
orrhage are frequent and may be associ-
ated with dystrophic calcifications
{350,377,424,2038}. The cells show little
pleomorphism. Giant cells are not usually
seen. Collagen formation is variable, and
mitotic activity is prominent. Most IFS
contain scattered chronic inflammatory
cells and may display focal extra-
medullary haematopoiesis. Histological
variations include a focally prominent
haemangiopericytoma-like pattern of
irregular cavernous or clefted blood ves-
sels, dilated blood vessels with fibrin
thrombi, myxoid foci, or a predominant
round or ovoid immature cellular prolifer-
ation with minimal collagen. Infiltrative
growth results in entrapment of adipose
tissue, skeletal muscle and other struc-
tures. Rarely, recurrent IFS displays fea-
tures resembling a high grade pleomor-
phic sarcoma {1848}. Composite tumours
with overlapping features of infantile
myofibromatosis, infantile haemangioper-
icytoma, and infantile fibrosarcoma are
occasionally encountered {2194}.
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B CA
Fig. 2.78 Infantile fibrosarcoma (IFS). A IFS of the knee presenting as a large mass with purple discoloration and focal cutaneous ulceration. B X-ray of an large IFS
of the hand. C IFS in soft tissue, displaying a fleshy, tan-white cut surface with focal haemorrhage, necrosis, and myxoid change.
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Immunophenotype
The immunohistochemical features of IFS
have been reported by several groups
with somewhat non-specific findings
{377,1151,1933,2194,2278}. Vimentin
immunoreactivity is found in 100%, but
otherwise IFS is heterogeneous for mark-
ers such as neuron-specific enolase
(35%), alpha-smooth muscle actin
(33%), HHF35 actin (29%), and muscle-
specific actin (30%). Fewer than 20% of
cases are positive for desmin, S100 pro-
tein, CD34, CD57, CD68, factor XIIIa,
and CAM5.2 cytokeratin. 

Ultrastructure
IFS displays electron microscopic char-
acteristics of fibroblasts and myofibrob-
lasts, with a variable histiocytic compo-
nent {82,424,807,810}. The cells have
large nuclei, one or more nucleoli, dilated

rough endoplasmic reticulum with dense
material, variably abundant lysosomes,
focal basement membrane-like material,
and cytoplasmic filaments. In some
cases, bundles of thin filaments are seen
{1151}.

Genetics
Most infantile fibrosarcomas contain a
chromosomal translocation t(12;15)
(p13;q26) involving exchange of material
between 12p and 15q, resulting in onco-
genic activation of the NTRK3 (a.k.a.
TRKC) receptor tyrosine kinase gene
{235,1142}. The mechanism of activation
is a fusion of the 12p ETV6 (a.k.a. TEL)
gene to the 15q NTRK3 gene, and the
associated oncoprotein contains the N-
terminal aspect of ETV6 fused to the
NTRK3 kinase domain. The ETV6/NTRK3
fusion mechanism is cytogenetically sub-

tle, when assessed by conventional
chromosome banding methods {1142,
1816}. However, ETV6/NTRK3 rearrange-
ment can be demonstrated readily 
by molecular cytogenetic methods 
or RT-PCR {16,80,235,553,1142,1816}.
Trisomies for chromosomes 8, 11, 17 and
20 are nearly as characteristic as the
ETV6/NTRK3 fusion in infantile fibrosar-
comas {1892}. These trisomies appear to
be acquired after the ETV6/NTRK3
fusion, and are perhaps responsible for
inducing progression to a more mitotical-
ly-active neoplasm {1816}. Notably, a
genetic profile similar to that in infantile
fibrosarcoma is also seen in mixed-his-
tology and cellular congenital mesoblas-
tic nephroma. Therefore, the pathogene-
sis of congenital fibrosarcoma and con-
genital mesoblastic nephroma are doubt-
less closely related {1141,1816,1893}.

BA
Fig. 2.79  Infantile fibrosarcoma. A Poorly formed fascicular growth pattern. B A herringbone pattern is present with variable collagen deposition.

BA
Fig. 2.80 Infantile fibrosarcoma. A Short interlacing fascicles, congested blood vessels, and zonal necrosis. B Dilated, irregularly branching blood vessels in IFS simulate
haemangiopericytoma.

bb5_7.qxd  13.9.2006  10:31  Page 99



100 Fibroblastic / Myofibroblastic tumours

Prognostic factors
IFS has a favourable outcome when
compared with adult fibrosarcoma. The
mortality ranges from 4% to 25%, and the
recurrence rate is 5% to 50% {350,377,
1017,18482001,2038}. Metastasis is rare
in more recent series {350,377,2001}. No
definitive morphological or genetic prog-
nostic factors have been identified.
Haemorrhage and involvement of vital
structures by locally aggressive tumours
may cause death {377}. Spontaneous
regression and nonrecurrence of incom-
pletely excised IFS have been reported
{530,1101,1305,1708,2009,2278}.
Although surgery is the mainstay of treat-
ment, chemotherapy has been proven
effective {371,1185,1195,1797,1938}.

Definition
Adult fibrosarcoma is a malignant
tumour, composed of fibroblasts with
variable collagen production and, in
classical cases, a herringbone architec-
ture. It is distinguished from infantile
fibrosarcoma and from other specific
types of fibroblastic sarcomas.

ICD-O code 8810/3

Epidemiology
The incidence of this tumour is difficult to
assess because its diagnosis is partly
one of exclusion, and because in recent
years specific subtypes of fibrosarcoma
(see page 47) have been defined. At
most, it probably accounts for 1 to 3% of
adult sarcomas {667}. Mixed patterns
occur. Classical fibrosarcoma is most
common in middle-aged and older
adults, but an occasional tumour of this
type is seen in childhood (see also sec-
tion on infantile fibrosarcoma). The sex
incidence is equal.

Sites of involvement
Fibrosarcomas involve deep soft tissues
of extremities, trunk, head and neck.
Fibrosarcoma has also been reported in
visceral organs but the identity of these
in older reports is questionable.
Retroperitoneal fibrosarcoma is rare. 

Clinical features
Fibrosarcoma presents as a mass with or
without pain. In specific sites local symp-
toms relate to the effects of a mass.
Hypoglycemia has been reported.

Aetiology
There are no specific predisposing fac-
tors. Some arise in the field of previous
therapeutic irradiation, and rarely in
association with implanted foreign mate-
rial {6}, although the nature of these
tumours in the older literature is not
always certain. Tumours with the histo-
logical features of adult fibrosarcoma
may arise in dermatofibrosarcoma (see
WHO Tumours of Skin), solitary fibrous

tumour (see page 86) and in well differ-
entiated liposarcoma (see page 35),
either in the primary or in recurrence, as
a reflection of tumour progression. 

Macroscopy
The typical fibrosarcoma is a circum-
scribed white or tan mass, variably firm
in relation to the collagen content.
Haemorrhage and necrosis can be seen
in high grade tumours

Histopathology
The tumour is composed of spindle-
shaped cells, characteristically arranged
in sweeping fascicles that are angled in
a chevron-like or herringbone pattern
{2035}. Storiform areas can be seen. The
cells have tapered darkly staining nuclei
with variably prominent nucleoli and
scanty cytoplasm. Mitotic activity is
almost always present but variable.
Higher grade tumours have more dense-
ly staining nuclei, and can display focal
round cell change and multinucleated

C. Fisher
E. van den Berg
W.M. Molenaar

Adult fibrosarcoma

BA
Fig. 2.81 Infantile fibrosarcoma (IFS). A A round cell pattern is a variant of IFS. B A myxoid focus in IFS con-
tains primitive spindle and ovoid cells.
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cells, but sarcomas with significant pleo-
morphism are classified as so-called
malignant fibrous histiocytomas (undif-
ferentiated pleomorphic sarcoma). The
stroma has variable collagen, from a del-
icate intercellular network to paucicellu-
lar areas with diffuse or "keloid-like" scle-
rosis or hyalinization. Myxoid change
and osteochondroid metaplasia can
occur. Fibrosarcoma is usually more cel-
lular than fibromatosis and has larger
more hyperchromatic nuclei. However,
fibromatosis-like areas can be seen in
fibrosarcoma so that tumours should be
carefully sampled. 

Immunophenotype
Fibrosarcomas are positive for vimentin
and very focally for smooth muscle actin,
representing myofibroblastic differentia-
tion. Some cases arising in dermatofi-
brosarcoma or solitary fibrous tumour are
CD34 positive. 

Ultrastructure
Fibrosarcoma is composed of fibroblasts
with prominent rough endoplasmic retic-
ulum and absence of myofilaments,
external lamina or intercellular junctions.
An occasional cell has peripheral fila-
ment bundles suggestive of myofibrob-
lastic differentiation but tumours in which
this is a prominent feature should be
classified as myofibrosarcomas. 

Genetics
Adult fibrosarcoma shows multiple chro-
mosome rearrangements of a complex
nature without characteristic anomalies

{436,1263,1477,2173}. However, two
cases of adult fibrosarcoma showed
involvement of the same 2q21-qter seg-
ment, leading to partial tri– or tetrasomy
for 2q {1263}. Based on this finding and
other reported cases, disruption of one
or more genes in the 2q14-22 region
might contribute to the pathogenesis of
some adult fibrosarcomas.

Prognostic factors
There are no recent series of fibrosarco-
ma, which have utilised current defini-
tions. In the older literature, for tumours
regarded as fibrosarcoma, behaviour is

related to grade and to general factors of
tumour size and depth from surface. The
probability of local recurrence relates to
completeness of excision, with recur-
rence rates of 12-79% {1730,1731,
1914}.
Fibrosarcomas metastasize to lungs and
bone, especially the axial skeleton, and
rarely to lymph nodes. Metastasis occurs
in 9-63% of patients and is time- and
grade-dependent. 5 year survival is 39-
54% {1731,1914}. Poor prognostic fac-
tors include high grade, high cellularity
with minimal collagen, mitotic rates
>20/10 hpf, necrosis, and little collagen.

Fig. 2.82 Adult fibrosarcoma. Low power view shows the classical adult-type lesion with a herringbone
growth pattern.

B CA
Fig. 2.83 Adult fibrosarcoma. A Cells are arranged in long intersecting fascicles with a herringbone pattern. B Short tapered spindle cells with scanty cytoplasm
and mildly pleomorphic nuclei. C Tumour cells are separated by delicate intercellular collagen fibres.
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Definition
Myxofibrosarcoma comprises a spec-
trum of malignant fibroblastic lesions with
variably myxoid stroma, pleomorphism
and with a distintinctively curvilinear vas-
cular pattern. 

ICO-O code 8811/3

Synonym
Myxoid malignant fibrous histiocytoma.

Epidemiology
Myxofibrosarcoma is one of the most
common sarcomas in elderly patients
with a slight male predominance.
Although the overall age range is wide,
these neoplasms affect mainly patients in
the sixth to eighth decade, whereas they
are exceptionally rare under the age of
20 years {1413,1422,2236}.

Sites of involvement
The majority of these tumours arise in the
limbs including the limb girdles (lower >
upper extremities), whereas they are
seen only rarely on the trunk, in the head
and neck area, and on the hands and
feet {1413,1422,2236}. Origin in the
retroperitoneum and in the abdominal
cavity is extremely uncommon, and most
lesions with myxofibrosarcoma-like fea-
tures in these locations represent dedif-
ferentiated liposarcomas {67,955,1389}.
Notably, about two-thirds of cases devel-
op in dermal/subcutaneous tissues, with
the remainder occurring in the underly-
ing fascia and skeletal muscle.

Clinical features
Most patients present with a slowly
enlarging and painless mass. Local,
often repeated recurrences occur in up
to 50 to 60% of cases, unrelated to histo-
logical grade. In contrast, metastases
and tumour associated mortality are
closely related to tumour grade. Whereas
none of the low grade neoplasms metas-
tasizes, intermediate and high grade
neoplasms may develop metastases in
about 20 to 35% of cases. In addition to
pulmonary and osseous metastases,

lymph node metastases are seen in a
small but significant number of cases
{1413,1422,2236}. Importantly, low grade
lesions may become higher grade in
subsequent recurrences and hence
acquire metastatic potential. The overall
5-year survival rate is 60-70%.

Macroscopy
Superficially located neoplasms typically
consist of multiple, variably gelatinous or
firmer nodules, whereas deep seated
neoplasms often form a single mass with
an infiltrative margin. In high grade
lesions areas of tumour necrosis are
often found. 

Histopathology
Myxofibrosarcoma shows a broad spec-
trum of cellularity, pleomorphism, and
proliferative activity; however, all cases
share distinct morphological features,
particularly multinodular growth with
incomplete fibrous septa, and a myxoid
stroma composed of hyaluronic acid.
The low grade end of the morphological
spectrum is characterized by hypocellu-
lar neoplasms composed of only few,
non-cohesive, plump spindled or stellate
tumour cells with ill defined, slightly
eosinophilic cytoplasm and atypical,
enlarged, hyperchromatic nuclei. Mitotic
figures are infrequent in low grade
lesions. A characteristic finding is the
presence of prominent elongated, curvi-
linear, thin-walled blood vessels with a
perivascular condensation of tumour
cells and/or inflammatory cells (mainly

lymphocytes and plasma cells).
Frequently, so-called pseudolipoblasts
(vacuolated neoplastic fibroblastic cells
with cytoplasmic acid mucin) are noted.
In contrast, high grade neoplasms are
composed in large part of solid sheets
and cellular fascicles of spindled and
pleomorphic tumour cells with numerous,
often atypical mitoses, areas of haemor-
rhage and necrosis. In many cases
bizarre, multinucleated giant cells with
abundant eosinophilic cytoplasm
(resembling myoid cells) and irregular
shaped nuclei are noted. However, high
grade lesions also focally show features
of a lower grade neoplasm with a promi-

nent myxoid matrix and numerous elon-
gated capillaries. The intermediate
grade lesions are more cellular and pleo-
morphic relative to purely low grade neo-
plasms, but lack extensive solid areas,
pronounced cellular pleomorphism and
necrosis. Subcutaneous examples of
myxofibrosarcoma commonly have very
infiltrative margins, often extending
beyond what is detected clinically.

Immunophenotype
Tumour cells stain positively for vimentin,
and in a minority of cases some spindled
or larger eosinophilic tumour cells
express muscle specific actin and/or
alpha-smooth muscle actin, suggestive
of focal myofibroblastic differentiation;
desmin, and so-called histiocytic mark-
ers (CD68, Mac 387, FXIIIa) are negative
{1413}.

T. Mentzel
E. van den Berg
W.M. Molenaar
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Fig. 2.84 Superficially located, low grade myxofibrosarcoma with multinodular growth pattern and gelati-
nous, myxoid cut surface.

bb5_7.qxd  13.9.2006  10:31  Page 102



Ultrastructure
Although fibroblast-like, histiocyte-like,
and myofibroblast-like cells, multinucle-
ated giant cells and undifferentiated
mesenchymal cells have been described
in the past {732,1117,1209}, the majority
of cells in myxoid areas show ultrastruc-
tural features of a fibroblastic differentia-
tion (fusiform or oval tumour cells with
elongated, occasionally clefted nuclei
containing a prominent, often dilated
rough endoplasmic reticulum) with
secretory activity within a myxoid matrix
{1413}.

Genetics
Cytogenetic aberrations have been
detected in 25 cases diagnosed as myx-
oid MFH or myxofibrosarcoma {1477}. In
general, the karyotypes tend to be high-
ly complex, with extensive intratumoral
heterogenity and chromosome numbers
in the triploid or tetraploid range in the
majority of cases {1317,1477,1486,
1635,1957}. No specific aberration has
emerged, but ring chromosomes have
been reported in five cases. In one case
the ring chrosomome was shown to orig-
inate from 20q {1402}. 
Genomic imbalances, as detected by
comparative genomic hybridization
(CGH), frequently include loss of 6p, and
gain of 9q and 12q {1957}. 

Prognostic factors
Whereas depth of the lesions and grade
of malignancy do not influence the high
rate of local recurrence, the percentage
of metastases and tumour associated
mortality are much higher in deep 
seated and high grade neoplasms
{1413,1422, 2236}. A local recurrence

within less than 12 months increases the
tumour associated mortality {1413,
1422}. Proliferative activity, the percent-
age of aneuploid cells, and tumour vas-
cularity are associated with the histolog-
ical tumour grade, but no clear relation
with the clinical outcome has been found
{1409,1413}.

103Myxofibrosarcoma
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Fig. 2.85 A Low grade myxofibrosarcoma showing multinodular growth with a prominent myxoid matrix, (B) atypical fibroblastic cells with enlarged and hyperchromatic
nuclei on a background of low cellularity, and (C) elongated, curvilinear blood vessels as well as pseudolipoblasts (D) are frequent findings in low grade myxofibrosar-
coma. E,F Intermediate grade myxofibrosarcomas retain a myxoid stroma and characteristic vascular pattern, but are more cellular and pleomorphic than low grade
lesions.

C
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Fig. 2.86 High grade myxofibrosarcoma. A Variegated gross appearance with fleshy, gelatinous and yellow-
orange areas of necrosis. B High grade myxofibrosarcoma with features of a high grade, MFH-like sarcoma and
(C) frequent multinucleated giant cells with abundant eosinophilic cytoplasm. D Focally, areas of lower grade
myxofibrosarcoma with a prominent myxoid matrix are usually present in high grade myxofibrosarcoma.
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Definition
Low grade fibromyxoid sarcoma is a dis-
tinctive variant of fibrosarcoma, charac-
terized by an admixture of heavily collag-
enized and myxoid zones, deceptively
bland spindled cells with a whorling
growth pattern and arcades of curvilinear
blood vessels.

ICD-O code 8811/3

Synonyms
Hyalinizing spindle cell tumour with giant
rosettes; fibrosarcoma, fibromyxoid type.

Epidemiology
Low grade fibromyxoid sarcomas are
rare sarcomas, with fewer than 150
reported cases {304,507,563,619,621,
699,742,813,1053,1074,1217,1268,
1417,1552,1939,2077,2150,2296}. It is
difficult, however, to estimate the exact
incidence of low grade fibromyxoid 
sarcoma, as many tumours go unrecog-
nized.
Low grade fibromyxoid sarcomas occur
equally in men and women and typically
affect young adults (median age at pres-
entation 34 years). However, patients of
any age may be involved and up to 19%
of cases occur in patients younger than
18 years of age {699}.

Sites of involvement
Low grade fibromyxoid sarcomas typi-
cally occur in the proximal extremities or
trunk, but may occur in unusual locations
such as the head or retroperitoneum. The
overwhelming majority of cases occur in
a subfascial location. They are often
large at the time of diagnosis.

Clinical features
Up to 15% of patients report a pre-biop-
sy duration of over 5 years. Low grade
fibromyxoid sarcomas typically present
as a painless deep soft tissue mass.

Histopathology
Classical low grade fibromyxoid sarcoma
Low grade fibromyxoid sarcomas show
an admixture of heavily collagenized,
hypocellular zones and more cellular
myxoid nodules. Short fascicular and
characteristic whorling growth patterns
are seen, with the latter pattern often
most apparent at the transition from col-
lagenous to myxoid areas. The vascula-
ture of low grade fibromyxoid sarcomas
consists of both arcades of small ves-
sels, and arteriole-sized vessels with
perivascular sclerosis. The cells of low
grade fibromyxoid sarcomas are very
bland, with only scattered hyperchroma-
tic cells. Mitoses are very scarce. 

Approximately 10% of cases show areas
with increased cellularity and nuclear
atypia, similar to that seen in usual-type
fibrosarcomas of intermediate grade.

Low grade fibromyxoid sarcoma with 
giant collagen rosettes
Approximately 40% of otherwise typical
low grade fibromyxoid sarcomas show
the focal presence of poorly formed col-
lagen rosettes, consisting of a central
core of hyalinized collagen surrounded
by a cuff of epithelioid fibroblasts. In that
subset of low grade fibromyxoid sarco-
mas where these collagen rosettes are
particularly prominent and well formed,
the term "hyalinizing spindle cell tumour
with giant rosettes" has been applied
{1217}. It has been recently shown that
the behaviour of low grade fibromyxoid
sarcomas with and without giant colla-
gen rosettes are identical {699,2296}.

Immunohistochemistry and 
ultrastructure
Immunohistochemically, low grade
fibromyxoid sarcomas typically express
only vimentin, consistent with fibroblastic
differentiation. Myofibroblastic differenti-
ation, as reflected by focal smooth mus-
cle actin expression may be seen on
occasion. Low grade fibromyxoid sarco-

A.L. Folpe
E. van den Berg
W.M. Molenaar

BA
Fig. 2.87  A Low grade fibromyxoid sarcoma showing abrupt transition from hyalinized to myxoid nodules. B Low grade fibromyxoid sarcoma with numerous giant
collagen rosettes (hyalinizing spindle cell tumour with giant rosettes).
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mas almost never express desmin, S100
protein, cytokeratins, epithelial mem-
brane antigen or CD34 {699,813,1552}.
Ultrastructural studies have also shown
almost exclusively fibroblastic differentia-
tion both in classical low grade fibromyx-
oid sarcoma and in rosette-containing
variants {1565}.

Genetics
Excluding cases published as "myxoid
malignant fibrous histiocytoma" or "myx-
ofibrosarcoma", only three low grade
fibromyxoid sarcomas with chromosome
aberrations have been reported {1477}.
One had a balanced translocation as the
sole aberration {1868}. The two others
had supernumerary ring chromosomes,
in one case shown by comparative
genomic hybridization to consist of chro-

mosome 7 and 16 material {1436}.
Supernumerary ring chromosomes have
been found in many other low grade
mesenchymal tumours, including myxofi-
brosarcoma.

Prognostic factors
There has been a recent evolution in our
understanding of the behaviour of low
grade fibromyxoid sarcomas. Although
the original series of Evans and Goodlad
et al suggested that low grade fibromyx-
oid sarcomas were paradoxically
aggressive sarcomas, with a local recur-
rence rate of 68%, a metastatic rate of
41% and a death rate of 18%, these were
retrospective studies {621,813}. Almost
all of the approximately 30 patients
reported with low grade fibromyxoid sar-
coma in these earlier studies were origi-

nally diagnosed with, and treated for a
benign lesion. However, a recent large
series of prospectively diagnosed low
grade fibromyxoid sarcomas showed
recurrences, metastases, and death from
disease in only 9%, 6% and 2% of
patients, respectively {699}, although,
the median follow-up was only just over 4
years. However, low grade fibromyxoid
sarcoma may metastasize many years
after initial diagnosis and indefinite clini-
cal follow-up is indicated for patients with
this disease. Although the presence of
small areas of higher grade fibrosarcoma
within otherwise typical low grade
fibromyxoid sarcoma has not been
shown to be an adverse prognostic fac-
tor, the significance of larger high grade
areas remains to be determined.

BA
Fig. 2.88  A Low grade fibromyxoid sarcoma  showing arcades of blood vessels. B Low grade fibromyxoid sarcoma with early rosette formation.

BA
Fig. 2.89  A Low grade fibromyxoid sarcoma consisting of very bland spindle cells embedded in a densly collagenous background. B In cases with giant cell "rosettes",
the tumour cells are arranged in cuffs around nodules of hyaline collagen. 
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Definition
Sclerosing epithelioid fibrosarcoma
(SEF) is a distinctive variant of fibrosar-
coma, composed of epithelioid tumour
cells arranged in nests and cords that
are embedded within a sclerotic collage-
nous matrix, thus simulating a poorly dif-
ferentiated carcinoma or sclerosing lym-
phoma.

ICD-O code 8810/3

Epidemiology
SEF is a very rare fibrosarcoma variant
with a wide age spectrum (median age
45 years) and equal sex distribution
{1388}. Approximately 25 additional
cases of SEF have been reported {72,
86,347,629,791,1773} since the original
series of 25 cases was published {1388}.

Sites of involvement
Most cases are located in the lower
extremities and limb girdles, followed by
the trunk, upper extremities, and the
head and neck area. SEF is invariably
deep-seated, frequently impinging upon
but rarely invading underlying bone {72,
1388}.

Clinical features
Patients present with a mass of variable
duration; in one-third of cases the mass
has enlarged noticeably and is painful. 

Macroscopy
Size is highly variable, ranging from 2 –
22 cm, with median size of 7-10 cm {72,
1388}. SEF is usually well circumscribed,
lobulated or multinodular with a firm,
whitish cut surface. Myxoid, cystic, and
calcified areas may be seen as well
{1388}. Necrosis is uncommon.

Histopathology
Overall, SEF is densely sclerotic, contain-
ing nests, strands and acini of small epi-
thelioid cells with scant clear to eosino-
philic cytoplasm and uniform oval, round or
angulated bland nuclei having little mitotic
activity. The abundant collagenous matrix
is deeply acidophilic and variably
arranged in thick fibrous bands, a delicate
lace-like pattern, and fibrous, hyalinized
zones reminiscent of a scar or fibroma.
Less prominent spindled fascicular areas
of conventional low grade fibrosarcoma
and hypocellular myxoid zones resembling
myxoma or myxofibrosarcoma are also
seen, as well as degenerative myxoid
cysts and foci of metaplastic bone and cal-
cification. SEF often has a haemangioperi-
cytoma-like vasculature. Despite being
well delineated, vascular invasion may be
seen along peripheral tumour margins. 

Immunophenotype
Vimentin immunostains are consistently
positive whereas stains for CD34, leuko-

cyte markers, HMB45, CD68, desmin,
GFAP, and TP53 are negative {72,1388}.
Focal, weak immunostaining may be
seen in a minority of cases with EMA,
S100 protein and more rarely for cytoker-
atins {1388}. 

Ultrastructure
The lesional cells display features of
fibroblasts {72,1388}, including parallel
arrays of rough endoplasmic reticu-
lum filled with granular material and 
prominent networks of intermediate fila-
ments that may form perinuclear whorls
{1388}.

J.M. Meis-Kindblom E. van den Berg
L.G. Kindblom W.M. Molenaar

Sclerosing epithelioid fibrosarcoma 

Fig. 2.90 Deep-seated, well circumscribed, exten-
sively fibrous sclerosing epithelioid fibrosarcoma.

BA
Fig. 2.91 Typical examples of sclerosing epithelioid fibrosarcoma showing cells arranged in (A) cords and in (B) nests.
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Genetics
A sclerosing epithelioid fibrosarcoma
from a 14-year-old boy showed a com-
plex karyotype with amplification of
12q13 and 12q15, including the HMGIC
gene, and rearrangement of band 9p13,
which has also been reported in a com-
plex karyotype in a case of adult fibrosar-
coma {791,1263}. A second case
showed a different karyotype with
involvement of Xq13, 6q15 and 22q13
{534}.

Prognostic factors
More than 50% of patients develop one
or more local recurrences and more than
40% have metastases at median inter-
vals of 5 and 8 years, respectively
{1388}. Metastases are usually to lungs,
pleura and bone. After 11 years, half of
the patients are either dead of disease or
have persistent or recurrent tumour
{1388}. Somewhat higher rates of metas-
tases and tumour death have recently
been reported and may well be due to

larger average tumour size, intracranial
location, and potential referral bias {72}.
Adverse prognostic factors include prox-
imal tumour site, larger tumour size, male
sex, local recurrences, and metastases
{1388}.

Fig. 2.92  A Sclerosing epithelioid fibrosarcoma (SEF) showing cells arranged in alveolae. B Area of low grade
conventional fibrosarcoma in an SEF.

A

B
Fig. 2.94 Sclerosing epithelioid fibrosarcoma
metastasis to the lung.

Fig. 2.93 EM features of sclerosing epithelioid
fibrosarcoma. Epithelioid fibroblasts are arranged
in cords and surrounded by abundant collagen.
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CHAPTER 3

So-called Fibrohistiocytic Tumours

Over the past 10 years, the concept of fibrohistiocytic differenti-
ation has been challenged and is now regarded as a poorly
defined morphological descriptor of histiocytic differentiation.
Pleomorphic malignant fibrous histiocytoma (MFH) was previ-
ously regarded as a distinct tumour type representing the most
common adult soft tissue sarcoma. Today, this term is synony-
mous with undifferentiated pleomorphic sarcoma, which has
become a diagnosis of exclusion accounting for less than 5% of
adult sarcomas. Similarly, the morphological features formerly
regarded as characteristic of the giant cell and inflammatory
variants of MFH are shared by a variety of other, specific tumour
types. Myxofibrosarcoma (formerly known as myxoid MFH) and
so-called angiomatoid MFH remain as distinctive and discrete
entities (see Chapters 2 and 9).

Cutaneous fibrous histiocytomas, dermatofibrosarcoma protu-
berans (best classified as a fibroblastic neoplasm) and atypical
fibroxanthoma are described separately in the Skin volume.
Since the localized and diffuse forms of giant cell tumour of ten-
don sheath have more in common with the descriptive category
of fibrohistiocytic lesions than with true synovium, they are for
now included in this chapter.
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Giant cell tumour of tendon sheath N. de St. Aubain Somerhausen
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The term giant cell tumour of tendon
sheath encompasses a family of lesions
most often arising from the synovium of
joints, bursae and tendon sheath {1027}.
These tumours are usually divided
according to their site (intra- or extra-
articular) and growth pattern (localized
or diffuse) into several subtypes, which
differ in their clinical features and biolo-
gical behaviour.

Definition
The localized type of giant cell tumour of
tendon sheath is a circumscribed prolif-
eration of synovial-like mononuclear
cells, accompanied by a variable num-
ber of multinucleate osteoclast-like cells,
foam cells, siderophages and inflamma-
tory cells, most commonly occurring in
the digits. 

ICD-O code 9252/0

Synonyms
Tenosynovial giant cell tumour, localized
type, nodular tenosynovitis.

Epidemiology
The localized form is frequent and the
most common subset of giant cell tu-
mours. Tumours may occur at any age
but usually between 30 and 50 years,
with a 2:1 female predominance {2163}.

Sites of involvement
Localized giant cell tumours occur pre-
dominantly in the hand where they prob-
ably represent the most common neo-
plasm. Approximately 85% of the
tumours occur in the fingers, in close
proximity to the synovium of the tendon
sheath or interphalangeal joint. The
lesions may infrequently erode or infil-
trate the nearby bone {2160}, or rarely
involve the skin.
Other sites include the wrist, ankle / foot,
knee, and very rarely the elbow and the
hip {1492,2163}.

Clinical features
The most common presenting symptom
is that of a painless swelling. The
tumours develop gradually over a long
period and a preoperative duration of
several years is often mentioned .
Antecedent trauma is reported in a vari-
able number of cases (from 1 to 50%)
{1492,2163}.
Radiological studies usually demon-
strate a well circumscribed soft tissue
mass, with occasional degenerative
changes of the adjacent joint or erosion
of the adjacent bone {1046}. 

Aetiology
Tenosynovial giant cell tumours initially
were regarded as an inflammatory

process based on animal models, the
common history of trauma, the predilec-
tion for the first three fingers of the right
hand {1492} and one X-inactivation 
study suggesting polyclonality {2295}.
However, the finding of aneuploidy in
some cases {7}, the demonstration of
clonal chromosomal abnormalities
{1774}, and the fact that these lesions
are capable of autonomous growth
strongly support a neoplastic origin. 

Macroscopy
Grossly, most localized giant cell
tumours are small (between 0.5 and 4
cm), although lesions of greater size may
be found in large joints. Tumours are well
circumscribed and typically lobulated,
white to grey with yellowish and brown
areas. 

Histopathology
Tumours are lobulated, well circum-
scribed and at least partially covered by
a fibrous capsule. Their microscopic
appearance is variable, depending on
the proportion of mononuclear cells,
multinucleate giant cells, foamy
macrophages, siderophages and the
amount of stroma. Osteoclast-like cells,
which contain a variable number of
nuclei (from 3-4 to more than 50), are
usually readily apparent but may be

110 Fibrohistiocytic tumours

BA
Fig. 3.01 Giant cell tumour of tendon sheath. A Typical admixture of histiocytoid cells, foamy cells and lymphocytes. In this case, giant cells are scanty. B Typical mononu-
clear histiocytoid cells with variably prominent eosinophilic cytoplasm and scattered osteoclastic giant cells.
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inconspicuous in highly cellular tumours.
Most mononuclear cells are small, round
to spindle-shaped. They are character-
ized by pale cytoplasm and round or
reniform, often grooved nuclei. They are
accompanied by larger epithelioid cells
with glassy cytoplasm and rounded
vesicular nuclei. Xanthoma cells are fre-
quent, tend to aggregate locally near the
periphery of nodules and may be associ-
ated with cholesterol clefts.
Haemosiderin deposits are virtually
always identified. The stroma shows vari-
able degrees of hyalinization and may
occasionally have an osteoid-like
appearance. Cleft-like spaces are less
frequent than in the diffuse form {2163}.
Mitotic activity usually averages 3 to 5
mitoses per 10 HPF but may reach up to
20/10 HPF {2295}. Focal necrosis is
rarely seen. 

Immunophenotype
Immunohistochemically, mononuclear
cells are positive for CD68. Some cells
may also express muscle-specific actin

(HHF35). A subset of desmin-positive
dendritic cells is reported in up to 50% of
cases {705}. 
Multinucleate giant cells express CD68,
CD45 and markers such as tartrate
resistant acid phosphatase {449,1590}. 

Ultrastructure
Ultrustructural studies have revealed an
heterogeneous cell population com-
posed of a majority of histiocyte-like
cells, accompanied by fibroblast-like
cells, intermediate cells, foam cells and
multinucleate giant cells {35,2163}.

Genetics
Cytogenetic aberrations have been
described in 11 giant cell tumours of ten-
don sheath. A near- or pseudodiploid
karyotype was seen in all cases, mostly
with simple structural changes {1910}. 
The short arm of chromosome 1 is fre-
quently involved, with a clustering of
breakpoints to the region p11-p13 in 7/11
cases. A recurrent t(1;2)(p11;q35-36)
has been identified, but several other

translocation partners have been
described, including 3q21, 5q31, and
11q11. In addition, two cases without
1p11-13 rearrangement had transloca-
tions involving 16q24, thus possibly rep-
resenting an alternative primary cytoge-
netic change. Numerical changes seem
to be rare. In particular, it should be
noted that gain of chromosomes 5 and 7,
which is common in the diffuse type giant
cell tumour {1477}, has not been
described in the localized form {1910}.

Prognostic factors
Localized giant cell tumour is a benign
lesion with a capacity for local recur-
rence. Local excision is the treatment of
choice. 4 to 30 % of cases recur {1504,
1757,1774} but these recurrence are
usually non-destructive and are con-
trolled by surgical reexcision. It has been
suggested that recurrences develop
most often in highly cellular tumours or
lesions with a high mitotic count
{1757,2298}.

BA
Fig. 3.03 Giant cell tumour of tendon sheath. A Localized giant cell tumours of tendons sheath are usually CD
68 positive. B Some cases of both localized and diffuse type contain numerous desmin-positive mononuclear
cells, sometimes with dendritic cytoplasmic porcesses. 

Fig. 3.04 Giant cell tumour of tendon sheath. Partial
karyotype showing the characteristic t(1;2)(p13;q37)
translocation. Arrows indicate breakpoints.

B CA
Fig. 3.02 Giant cell tumour of tendon sheath. A Most cases show focal collections of xanthoma cells, while others (B) show extensive stromal hyalinization. C Small, his-
tiocyte-like cells with occasional nuclear grooves and larger cells with vesicular nuclei and abundant eosinophilic cytoplasm, frequently with a rim of haemosiderin.
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Definition
Diffuse-type giant cell tumour is a
destructive proliferation of synovial-like
mononuclear cells, admixed with multi-
nucleate giant cells, foam cells,
siderophages and inflammatory cells.
The extraarticular form is defined by the
presence of an infiltrative soft tissue
mass, with or without involvement of the
adjacent joint. 
The very uncommon malignant giant cell
tumour of tendon sheath is defined by
the coexistence of a benign giant cell
tumour with overtly malignant areas or by
the recurrence of a typical giant cell
tumour as a sarcoma. 

ICD-O code 9251/0

Synonyms
Pigmented villonodular synovitis, pig-
mented villonodular tenosynovitis.

Epidemiology
Diffuse-type giant cell tumours tend to
affect younger patients than their local-
ized counterpart. The age of patients
varies widely but most lesions affect
young adults, under the age of 40. There
is a slight female predominance {1523,
1984,2164}.

Sites of involvement
Intraarticular lesions affect predominant-
ly the knee (75% of cases), followed by
the hip (15%), ankle, elbow and shoul-
der. Rare cases are reported in the tem-

poromandibular and spinal facet joints
{782,1899}. Extraarticular tumours most
commonly involve the knee region, thigh
and foot. Uncommon locations include
the finger, wrist, groin, elbow and toe {87,
1984,2164}.
Most extraarticular tumours are located
in periarticular soft tissues but these
lesions can be purely intramuscular or
predominantly subcutaneous {2164}. 

Clinical features
Patients complain of pain, tenderness,
swelling or limitation of motion.
Haemorrhagic joint effusions are com-
mon. The symptoms are usually of rela-
tively long duration (often several years). 
Radiographically, most tumours present
as ill defined peri-articular masses, fre-
quently associated with degenerative
joint disease and cystic lesions in the
adjacent bone {542}. On magnetic reso-
nance imaging, giant cell tumours show
decreased signal intensity in both T1-
and T2-weighted images {1036}. 

Aetiology
Although these lesions have been
regarded as reactive, the presence of
clonal abnormalities {1910} and the
capacity for autonomous growth are now
widely regarded as evidence for a neo-
plastic origin. 

Macroscopy
Diffuse-type giant cell tumours are usual-
ly large (often more than 5 cm), firm or

sponge-like. The typical villous pattern of
pigmented villonodular synovitis is usual-
ly lacking in extraarticular tumours. The
latter have a multinodular appearance
and a variegated colour, with alternation
of white, yellowish and brownish areas. 

Histopathology
Most tumours are infiltrative and grow as
diffuse, expansile sheets. Their cellularity
is variable: compact areas alternate with
pale, loose, discohesive zones. Cleft-like
spaces are common and appear either
as artefactual tears or as synovial-lined
spaces. Blood-filled pseudoalveolar
spaces are seen in approximately 10% of
cases.
In comparison with the localized form,
osteoclastic giant cells are less common
and may be absent or extremely rare in
up to 20% of cases. They are irregularly
distributed throughout the lesions and
are more easily found around haemor-
rhagic foci. 
The mononuclear component comprises
two types of cells: small histiocyte-like
cells, which represent the main cellular
component, and larger cells. Histiocyte-
like cells are ovoid or spindle-shaped,
with palely eosinophilic cytoplasm. Their
nuclei are small, ovoid or angulated, con-
tain fine chromatin, small nucleoli and
frequently display longitudinal grooves.
Larger cells are rounded or sometimes
show dendritic cytoplasmic processes.
Their cytoplasm is abundant, pale to
deeply eosinophilic, often contains a

N. de St. Aubain Somerhausen
P. Dal CinDiffuse-type giant cell tumour

BA
Fig. 3.05  A Villous appearance of an intra-articular diffuse-type giant cell tumour. B Low magnification of a com-
pletely extra-articular tumour showing infiltration of the muscular and adipose tissue.

Fig. 3.06 Diffuse-type giant cell tumour with  promi-
nent inflammatory component and numerous large
dendritic cells with abundant cytoplasm.
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peripheral rim of hemosiderin granules
and occasionally shows a paranuclear
eosinophilic filamentous inclusion. Nuclei
are characterized by reniform or lobulat-
ed shape, thick nuclear membranes,
vesicular chromatin and eosinophilic
nuclei. The occasional predominance of
these larger cells may obscure the typi-
cal features of giant cell tumour and lead
to a diagnosis of sarcoma. Sheets of
foam cells are frequently observed, usu-
ally in the periphery of lesions and vari-
able amounts of haemosiderin are identi-
fied in most cases. Giant cell tumours
may also contain a significant lymphocyt-
ic infiltrate. The stroma shows variable
degrees of fibrosis and may appear
hyalinized, although this is usually less
marked than in the localized form. 
Mitoses are usually identifiable and
mitotic activity of more than 5 per 10 HPF
is not uncommon {1984,2164,2239}. 
There have been several reports of typi-
cal giant cell tumours recurring as a his-
tologically malignant neoplasms and a
few series included primary histological-
ly malignant tumours of the tendon
sheath resembling giant cell tumours
{187,637,1555,1941,1984}. These neo-
plasms tended to show significantly
increased mitotic rate (more than 20
mitoses / 10 HPF), necrosis, enlarged
nuclei with nucleoli, spindling of mononu-
cleated cells, the presence of abundant
eosinophilic cytoplasm in histiocyte-like
cells, and stromal myxoid change,
although none of these features could be
used in isolation as a criterion for malig-
nancy {187,637,1984}. 
In addition, two cases with banal histol-
ogy which developed metastatic disease
(in the lungs or lymph nodes) have been
reported to date {1984,2239}. 

Immunophenotype 
The immunohistochemical and ultra-
structural features of diffuse-type giant
cell tumour are similar to those of the
localized form. Mononuclear cells are
positive for CD68 and other macrophage
markers. Desmin stain highlights a popu-
lation of cells with dendritic features in 35
to 40% of cases; these frequently corre-
spond to the larger eosinophilic cells.
Giant cells are positive for CD68 and
CD45 {705,1590,1984}. 

Genetics
Chromosomal aberrations have been
described in 17 cases, all with a near- or

pseudodiploid karyotype. Rearrange-
ments of the 1p11-13 region have been
detected in eight of them, one had a
t(1;2)(p22;q35-37), and one had involve-
ment of band 16q24, suggesting a close
cytogenetic relationship with the local-

ized form of giant cell tumour {1910}.
One difference, however, between these
two entities, is that trisomies for chromo-
somes 5 and 7, usually as the sole anom-
alies, have been detected only in diffuse-
type giant cell tumours {1477}. The sig-

Fig. 3.07 Diffuse-type giant cell tumour. A Pseudosynovial or 'pseudoglandular' spaces, surrounded by clusters
of xanthoma cells. B Pseudoalveolar spaces are commonly seen in diffuse-type giant cell tumours.

A

B

BA
Fig. 3.08 Diffuse-type giant cell tumour. A Typical mononuclear histiocytoid cells, some of which have promi-
nent eosinophilic cytoplasm. B Note frequent nuclear grooves in the histiocytoid cells. Some tumour cells have
more prominent eosinophilic cytoplasm with haemosiderin granules.

113Diffuse-type giant cell tumour
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Deep benign fibrous histiocytoma J.M. Coindre

Definition
A benign fibrous histiocytoma, which
develops entirely within subcutaneous
tissue, deep soft tissues or in parenchy-
mal organs.

ICD-O code 8830/0

Epidemiology
Deeply located fibrous histiocytomas are
rare. Based on the only published series,
they represent less than 1% of fibrohisti-
ocytic tumours {673}. Their exact fre-
quency is difficult to determine because

some cases published as deep fibrous
histiocytomas may represent solitary
fibrous tumours {673,706}. They may
develop at any age, but most affect
adults over 25 years old, with a predom-
inance in males.

Sites of involvement
The lower limb and the head and neck
region are the most common sites. Most
cases develop in subcutaneous tissue,
but a few cases have been reported in
muscle, mesentery, trachea and kidney
{673,869,1147,1843}.

nificance of trisomy 5 and 7 for tumour
development in this context is question-
able because the same aneuploidies are
frequent also in synovial samples from
patients with various forms of reactive
synovial lesion {1429}.

Prognostic factors 
Recurrences are common, often multiple
and may severely compromise joint func-

tion. The recurrence rate has been esti-
mated between 18 and 46 % for intraar-
ticular lesions and between 33 and 50%
of cases for extraarticular tumours {1899,
1984,2164,2239}. The risk of recurrence
does not seem to be correlated with any
histological parameter other than posi-
tive excision margins. Therefore, diffuse-
type giant cell tumours should be regard-
ed as locally aggressive but nonmetasta-

sizing neoplasms and wide excision is
the treatment of choice. 
Although the number of cases is limited,
malignant giant cell tumours of tendon
sheath showing obvious sarcomatous
areas are potentially aggressive and may
give rise to pulmonary metastasis {187,
1555,1941,1984}.

Fig. 3.10 Deep benign fibrous histiocytoma tends to
be more circumscribed than the cutaneous form and
pseudo-encapsulated.
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BA
Fig. 3.09 Malignant diffuse-type giant cell tumour. Although there is usually at least focal morphological overlap with usual giant cell tumour (A), closer examination
reveals increased cellularity and predominance of atypical large cells with prominent nucleoli (B).
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Clinical features
Most lesions present as a painless and
slowly enlarging mass.

Macroscopy
Contrary to the cutaneous form, deep
lesions tend to be well circumscribed
and pseudo-encapsulated with occa-
sional areas of haemorrhage. Most
lesions are 4 cm or more when resected.

Histopathology
Deep fibrous histiocytomas usually show
a prominent storiform pattern, sometimes
combined with haemangiopericytoma-
like areas. 
Contrary to conventional cutaneous
lesions, most lesions show monomor-

phism and usually lack secondary ele-
ments such as foamy cells and giant
cells but usually show scattered lympho-
cytes. Thus, they more closely resmble
the cellular variant of cutaneous fibrous
histiocytoma. The tumour cells are cyto-
logically bland and generally spindle-
shaped with elongated or plump vesicu-
lar nuclei and eosinophilic, ill defined
cytoplasm. There is no nuclear pleomor-
phism or hyperchromasia, and mitoses,
although commonly present, are usually
less than 5 per 10 high power fields. The
stroma may show myxoid change or
hyalinization and rarely osteoclast-like
giant cells or metaplastic ossification
{673,1973}. Small foci of necrosis may
be present.

Immunophenotype
Immunohistochemistry shows similar
results as in cutaneous lesions with neg-
ativity for epithelial markers, desmin and
S100 protein. Alpha smooth muscle actin
may be positive in some parts of the
lesion. CD34 is usually (but not always)
negative, but, if positive, solitary fibrous
tumour should be considered. 

Prognostic factors
Deep fibrous histiocytoma may recur
locally {673}, particularly if incompletely
excised. No metastasis has been report-
ed so far.

BA
Fig. 3.11 Deep benign fibrous histiocytoma. A A monomorphic storiform pattern is usually seen. B Branching pericytoma-like vessels are common.
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BA
Fig. 3.12 Deep benign fibrous histiocytoma. A These lesions show less cytologic polymorphism than their dermal counterparts. B Staining for CD34 is most often nega-
tive.
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Definition
Plexiform fibrohistiocytic tumour (PFT) is
a mesenchymal neoplasm of children,
adolescents, and young adults, charac-
terized by fibrohistiocytic cytomorpholo-
gy, and a multinodular growth pattern. It
rarely metastasizes.

ICD-O code 8835/1

Epidemiology
PFT preferentially affects young individuals;
mean age at presentation is approximately
14.5 years {603,1782}. The tumour occurs 

more often in female than in male patients,
with reported female-to-male ratios ranging
from 2.5:1 {603} to 6:1 {1782}. PFT has not
been reported to occur with greater fre-
quency in any particular race.

Sites of involvement
PFT involves the upper extremities in
approximately 65% of cases {603,1782},
with the hands and wrists being affected
in about 45% of cases {1782}. The lower
extremities are involved in approximately
27% of cases {1782}. PFT rarely occurs
in the head and neck region.

Clinical features
PFT usually presents as a small, poorly
demarcated, painless dermal or subcu-
taneous mass that slowly enlarges for
months to years {603,1782}. It is clinical-
ly characterized by slow growth, frequent
local recurrence, and rare regional lym-
phatic and systemic metastasis {603,
1782}.

Macroscopy
PFT is usually a multinodular, firm, poorly
circumscribed dermal or subcutaneous
mass that rarely exceeds 3 cm.

Histopathology
PFT is composed of small nodules or
elongated cellular clusters that are inter-
connected in a characteristic plexiform
arrangement. Three distinct cell types
are present in variable amounts:
mononuclear histiocyte-like cells, spindle
fibroblast-like cells, and multinucleate
giant cells. The nodules and clusters are
interconnected by spindle cells situated
at the periphery of the nodules. Three
histologic subtypes are recognized: a
fibrohistiocytic subtype composed main-
ly of nodules of mononuclear histiocyte-
like cells and multinucleated giant cells,
a fibroblastic subtype composed mainly
of elongated clusters and short fascicles
of fibroblast-like cells, and a mixed sub-
type composed of both patterns in equal
proportion. Cellular atypia and pleomor-
phism are minimal, mitotic count fre-
quently is low, and necrosis is absent.
Vascular invasion is observed in 10-20%
of cases. The nodules and clusters are
situated in subcutaneous tissue and
deep dermis, but extension into skeletal
muscle can occur. In pulmonary metas-
tases, PFT presents as small fibrohistio-
cytic nodules in subpleural and peribron-
chiolar locations.

Immunophenotype
PFT displays immunoreactivity for
vimentin, CD68 (KP1), and smooth mus-
cle actin {62,783,962,1782,2340}. CD68
immunoreactivity is mainly displayed by
multinucleated giant cells and mononu-

A.G. Nascimento
P. Dal CinPlexiform fibrohistiocytic tumour

Fig. 3.13  A Plexiform fibrohistiocytic tumour is composed of a mixture of small nodules and elongated fas-
cicles that interconnect with each other, forming a characteristic plexiform arrangement. B The fibroblastic
subtype is composed mainly of elongated clusters and short fascicles of fibroblastlike cells, creating a picture
resembling fibromatosis. Scattered multinucleated giant cells are present.

A

B
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clear histiocyte-like cells {1782,2340};
the fibroblast-like cells stain only rarely
with CD68. However, the fibroblast-like
cells and occasional histiocytelike cells
stain for smooth muscle actin {62,783,
962,2340}.

Ultrastructure
PFT cells have features of myofibroblasts
and histiocyte-like cells {62,783,962},
such as abundance of lysosomes, promi-
nent filopodia, and bundles of thin cytofil-
aments along the cytoplasmic mem-
brane {62}.

Genetics
Only two plexiform fibrohistiocytic
tumours with clonal chromosome aberra-
tions have been reported, and no shared
chromosome abnormalities were found
{1767,1974}.

Prognostic factors
PFT has been associated with a local
recurrence rate ranging from 12.5%
{1782} to 37.5% {603}, a regional lymph
node metastatic rate of 3/61 cases with
follow-up {603,1782} and a systemic
(lungs only, to date) metastatic rate of
3/61 cases {603}. Such significant
metastatic rates likely reflect the bias of
consultation practice. No clinicopatho-
logic or genetic factors seem to influence
the prognosis of patients with PFT {603,
1782}.

Fig. 3.14 The fibrohistiocytic subtype of plexiform fibrohistiocytic tumour is characterized by nodules of
mononuclear histiocyte-like cells and multinucleated giant cells.

BA
Fig. 3.15 Plexiform fibrohistiocytic tumour. A Vascular invasion is occasionally present in 10-20% of cases. B
Small, peribronchiolar tumoural nodule in pulmonary metastasis of plexiform fibrohistiocytic tumour.

bb5_8.qxd  13.9.2006  10:40  Page 117



Definition
Giant cell tumour of soft tissue (GCT-ST)
is a primary soft tissue neoplasm that is
clinically and histologically similar to
giant cell tumour of bone; it very rarely
metastasizes.

ICD-O code 9251/1

Synonyms
Osteoclastoma of soft tissue, giant cell
tumour of low malignant potential.

Epidemiology
GCT-ST occurs predominantly in the fifth
decade of life but can affect patients
ranging in age from 5 to 89 years. GCT-
ST affects both sexes in equal numbers.
GCT-ST does not occur with greater fre-
quency in any particular race {702,1591,
1608}.

Sites of involvement
GCT-ST usually occurs in superficial soft
tissues of the upper and lower extremi-
ties (70% of tumours). Less frequently
affected are the trunk (20%) and head
and neck region (7%) {702,1591,1608}.

Clinical features
The tumours present as painless growing
masses {1591,1608}, with an average
duration of symptoms of 6 months
{1608}. As in giant cell tumour of bone
with soft tissue implants {397}, peripher-
al mineralization is exceedingly frequent

in GCT-ST, yielding a characteristic radi-
ographic appearance.

Aetiology
No aetiologic factors have been identi-
fied, but GCT-ST has occurred rarely in
patients with Paget disease of bone
{758} or after trauma {1608}.

Macroscopy
In the 3 major series of patients with
GCT-ST reported to date {702,1591,
1608}, tumours ranged in size from 0.7 to
10 cm (mean, 3 cm). Seventy percent of
the tumours involved subcutaneous adi-
pose tissue or dermis; only 30% were sit-
uated below the superficial fascia. GCT-
ST presents as a well circumscribed,
mostly solid, nodular mass with a fleshy,
red-brown or gray cut surface. Gritty
regions of mineralized bone frequently
are present at the periphery of the
tumours {1591}.

Histopathology
At low magnification, approximately 85%
of GCT-STs display a multinodular archi-
tecture, with the nodules ranging in size
from microscopic dimensions to 15 mm
{1608}. The cellular nodules are separat-
ed by fibroconnective tissue septa of
varying thickness and containing
haemosiderin-laden macrophages
{1591}. The nodules are composed of a
mixture of round to oval cells that are
mononuclear and osteoclastlike giant
cells that are multinucleated, with both
cell types immersed in a richly vascu-
larised stroma. The nuclei in the multinu-
cleate cells are similar to the nuclei in the
mononuclear cells.
Mitotic activity generally is present in
every GCT-ST; typical mitoses range from
1 to 30 figures per 10 high-power fields
{702,1591,1608}. Atypia, pleomorphism,
and tumoural giant cells are absent, and
necrosis is found rarely {702,1591,
1608}. Metaplastic bone formation is
present in approximately 50% of the
tumours; frequently it is in the form of a
peripheral shell of woven bone.

Secondary cystic changes and the for-
mation of blood-filled lakes, changes that
are similar to aneurysmal bone cystic
changes, are present in approximately
30% of tumours. Unquestionable foci of
vascular invasion are part of the histolog-
ical picture in about 30% of tumours
{702,1608}. Additional histological fea-
tures include stromal haemorrhage
(50%) and regressive changes in the
form of marked stromal fibrosis and clus-
ters of foamy macrophages (70%).

Immunophenotype
GCT-STs display immunoreactivity for
vimentin, CD68, and smooth muscle
actin {702,1591,1608}. CD68 strongly
marks the multinucleated giant cells; the
mononuclear cells show focal staining
only. Smooth muscle actin stains a few
mononuclear cells and does not mark
the multinucleated giant cells. Rarely,
tumours react focally with antibodies
against keratin and S100 protein {1608}.

Prognostic factors
In patients with clinical follow-up ranging
from 34 to 45 months, GCT-ST was asso-
ciated with a local recurrence rate of
12% and very rare metastasis and death
{702,1591,1608}. Incomplete surgical
excision is apparently followed by local
recurrence {702}. No clinicopathologic
factors are currently predictive of
metastatic behaviour associated with
GCT-ST {702,1591,1608}.

A.G. NascimentoGiant cell tumour of soft tissue
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Fig. 3.17 Cellular nodules in giant cell tumour of soft
tissue contain a mixture of round / oval mononuclear
and multinucleate osteoclast-like giant cells.

Fig. 3.16 Giant cell tumour of soft tissue, presenting
as well circumscribed, mostly solid nodule with a
fleshy, red-brown or grey cut surface.
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BA
Fig. 3.18  A A multinodular growth pattern is present in approximately 85% of giant cell tumours of soft tissues. B Typical nodule with peripheral accumulation of osteo-
clast-like giant cells.

BA
Fig. 3.19  A Secondary cystic changes, similar to aneurysmal bone cystic changes, occur in approximately 30% of giant cell tumours of soft tissue. B Metaplastic bone,
frequently in the form of a peripheral shell of woven bone, is present in approximately 50% of giant cell tumours of soft tissue.

119Giant cell tumour of soft tissues

BA
Fig. 3.20  A Clusters of foam macrophages reflecting regressive change in a giant cell tumour of soft tissue. B CD68 marks the multinucleate, osteoclastlike giant cells and
a few of the mononuclear cells in giant cell tumours of soft tissue.
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Definition
The term pleomorphic malignant fibrous
histiocytoma is now reserved for a small
group of undifferentiated pleomorphic
sarcomas. Both terms may be used syn-
onymously. Current technology does not
show a definable line of differentiation.

ICD-O code 8830/3

Synonyms
Fibroxanthosarcoma {1088}; malignant
fibrous histiocytoma, storiform or fibrob-
lastic type; malignant fibrous xanthoma.

Historical annotation
For many years, pleomorphic malignant
fibrous histiocytoma (MFH) has been
regarded as the prototypical form of MFH
and the most common soft tissue sarco-
ma in adults {599,2233,2237}. Originally
defined, based on morphology and tis-
sue culture analysis, as a pleomorphic
spindle cell malignant neoplasm show-
ing fibroblastic and facultative histiocytic
differentiation, it is now widely accepted
that the morphologic pattern known as
so-called pleomorphic MFH may be
shared by a wide variety of poorly differ-
entiated malignant neoplasms {675}. It is
also now agreed that these tumours
show no evidence of true histiocytic dif-
ferentiation. This diagnostic term is now
reserved (by those who still use it) for the
much smaller group of pleomorphic sar-
comas which, by current technology,
show no definable line of differentiation
{2243}. As a consequence, the apparent
incidence of pleomorphic MFH has fallen
sharply over the past 10 years and it is
possible that this term may disappear
altogether at such time as criteria for the
diagnosis of pleomorphic sarcomas
showing fibroblastic or myofibroblastic
differentiation can be reproducibly
defined.

Epidemiology
The group of pleomorphic (MFH-like)
sarcomas collectively represent the most
common types of sarcoma in patients
over age 40. The overall incidence

among adults approximates to 1-2 cases
per 100,000 patients annually and the
incidence increases with age {861}.
Most undifferentiated high grade sarco-
mas occur in patients over age 40 with
peak incidence in the 6th and 7th
decades. Rare examples may be
encountered in adolescents and young
adults. There is a male predominance of
approximately 1.2:1.

Sites of involvement
Most undifferentiated high grade pleo-
morphic sarcomas occur in the extremi-
ties (especially the lower limb) and less
often the trunk. The majority of cases
arise in deep (subfascial) soft tissue,
while less than 10% are primarily subcu-
taneous. A notable exception among
pleomorphic sarcomas is dedifferentiat-
ed liposarcoma (see p. 38) which is most
common in the retroperitoneum. 

Clinical features
Undifferentiated high grade pleomorphic
sarcomas are typically large deep-seat-
ed tumours which show progressive,
often rapid enlargement. Only those
which grow very rapidly tend to be
painful. Around 5% of patients have
metastases at presentation, most often to
lung. Although little is known about aeti-
ology of these lesions, a subset of pleo-
morphic sarcomas (<2-3%) arise at the
site of prior radiation therapy {1224} and
very rare cases arise at the site of chron-
ic ulceration or scarring.

Macroscopy
Most undifferentiated high grade pleo-
morphic sarcomas are well circum-
scribed, expansile masses which may
appear pseudoencapsulated. Tumour
size varies and, to some extent, depends
on location with subcutaneous lesions
often measuring <5 cm, while retroperi-
toneal tumours often exceed 20 cm. Most
tumours measure between 5 and 15 cm
in maximum diameter. Cut surface is vari-
able and may include pale fibrous or
fleshy areas, admixed with zones of
necrosis, haemorrhage or myxoid

change. Aside from an adjacent well-dif-
ferentiated component in dedifferentiat-
ed liposarcoma, there are no distinctive
macroscopic features which correlate
reliably with line of differentiation.

Histopathology
Undifferentiated high grade sarcoma is a
diagnosis of exclusion following thorough
sampling and judicious use of ancillary
diagnostic techniques. Tumours in the
general category of high grade pleomor-
phic (MFH-like) sarcomas are very het-
erogeneous in appearance and also in
cellularity, since some cases have an
extensive fibrous stroma. These tumours
have in common marked cytological and
nuclear pleomorphism, often with bizarre
tumour giant cells, admixed with spindle
cells and often rounded histiocyte-like
cells (which may have foamy cytoplasm)
in varying proportion {675}. A storiform
growth pattern and stromal chronic
inflammatory cells are common. The
spindle cell component most often
appears fibroblastic, myofibroblastic or
smooth muscle-like. Tumours showing
myogenic differentiation (pleomorphic
leiomyosarcoma or rhabdomyosarco-
ma), as well as carcinoma and
melanoma with MFH-like morphology,
often have more copious eosinophilic
cytoplasm and prominent large polygo-
nal cells. The presence of fascicular
spindle cell areas may suggest smooth
muscle or nerve sheath differentiation
(which needs to be proved immunohisto-
chemically or ultrastructurally). Thorough

C.D.M. Fletcher
E. van den Berg
W.M. Molenaar

Pleomorphic malignant fibrous 
histiocytoma / Undifferentiated high
grade pleomorphic sarcoma

Fig. 3.21 Undifferentiated high grade pleomorphic
sarcomas are typically deep-seated and large, with
a variable cut surface; this case shows fleshy solid
areas, necrosis and cystic change.

120 Fibrohistiocytic tumours
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sampling is critical in all cases to check
for the presence of lipoblasts or ‘malig-
nant’ osteoid.

Immunohistochemistry
The widespread introduction of immuno-
histochemistry has been one of the major
factors in demolition of the MFH concept.
Most high grade pleomorphic sarcomas
show a definable line of differentiation,
foremost among which are the pleomor-
phic variants of leiomyosarcoma, liposar-
coma, rhabdomyosarcoma and myxofi-
brosarcoma, after carcinomas,
melanomas and lymphomas have been
excluded {675}. Immunohistochemistry
was critical in helping to separate the lat-
ter non-mesenchymal malignancies.
Controversy exists as to the extent of
immunopositivity required for a given
antigen to define a specific line of differ-
entiation but diagnostic criteria have

been proposed for the different pleomor-
phic sarcomas and these appear to be
reproducible {683,1425}. The presence
of just rare cells showing positivity for
epithelial or myogenic antigens most
often has little significance and does not,
of itself, exclude this diagnosis. It is now
accepted that histiocytic antigens (such
as alpha-1-antitrypsin, alpha-1-antichy-
motrypsin, lysozyme and CD68) play no
useful role in the diagnosis of pleomor-
phic sarcomas.

Ultrastructure
Electron microscopic findings depend
upon the specific type of tumour giving
rise to the pleomorphic MFH pattern.
Inevitably almost all tumours in this cate-
gory are poorly differentiated so only a
minority of tumour cells may show ultra-
structural features of a specific lineage.
Many tumour cells show relatively undif-

ferentiated, non-specific fibroblast-like or
histiocyte-like features.

Genetics 
The genetic aspects of malignant fibrous
histiocytomas (MFH) are difficult to eval-
uate because of the shifting diagnostic
criteria used throughout the years.
Bearing these shortcomings in mind,
cytogenetic aberrations have been
detected in more than 50 cases pub-
lished as storiform or pleomorphic MFH
or MFH NOS {1477}. Only a few cases of
giant cell or inflammatory MFH have
been investigated. In general, the kary-
otypes tend to be highly complex, with
extensive intratumoral heterogenity and
chromosome numbers in the triploid or
tetraploid range in the majority of cases
{1317,1477,1486,1635,1957}. Also near-
haploid karyotypes have been reported
in a few cases {92}. No specific structur-

BA
Fig. 3.22 Undifferentiated high grade pleomorphic sarcoma. A Note the variable cellularity and striking cytological pleomorphism. This tumour proved to be a malignant
peripheral nerve sheath tumour. B In other areas this lesion turned out to be pleomorphic liposarcoma with prominent lipoblasts.
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BA
Fig. 3.23 Undifferentiated high grade pleomorphic sarcoma. A Note the anaplastic cytomorphology in this unclassified sarcoma. B Many tumour cells show a promi-
nent eosinophilic cytoplasm and this case proved to be pleomorphic leiomyosarcoma.
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al or numerical aberrations have
emerged, but telomeric associations,
ring chromosomes, and/or dicentric
chromosomes are frequent. Such chro-
mosomal abnormalities are, however,
common also in other fibrohistiocytic
lesions {1854}. Due to the presence of
numerous marker chromosomes in most
cases, the distribution of genomic imbal-
ances is impossible to asses reliably
from cytogenetic data. 
Genomic imbalances, as detected by
comparative genomic hybridization
(CGH), frequently include loss of 2p24-
pter and 2q32-qter, and chromosomes
11, 13 and 16 {1219,1311,1651,1957,
2094}, as well as gain of 7p15-pter, 7q32,
and 1p31. 
Several proto-oncogenes mapping to
chromosome region 12q13-15 appear to
participate in the development of MFH-
like pleomorphic sarcomas: SAS, MDM2,

CDK4, DDIT3 (a.k.a. CHOP), and HMGIC
(a.k.a HMGA2) have all been reported to
be amplified in MFH {172,1772,1842}. In
an amplicon at 8p23.1 a candidate gene
designated MASL1 has been found
{1842}.
Alterations (mutations and/or deletions)
of TP53, RB1 and CDKN2A have been
suggested to play a critical role in pleo-
morphic sarcoma development {341,
1772,1957,2097,2326}, but no clear rela-
tionship with clinical outcome has yet
been found. The significance of HRAS
mutations and their relationship with
other genetic changes, such as TP53
and MDM2 gene status, remain to be
clarified {221,1790,2269}. 

Prognostic factors
High grade pleomorphic sarcomas are
aggressive with an overall 5-year survival
probability of only 50-60% {861,2233}.

However, it has become clear that there
are prognostic subgroups among the
lesions formerly categorised as pleomor-
phic MFH {683}. For example, dediffer-
entiated liposarcoma has a metastatic
rate of only 15-20%, high grade myxofi-
brosarcoma has a metastatic rate of
around 30-35%, while pleomorphic myo-
genic sarcomas (leiomyosarcoma or
rhabdomyosarcoma) are especially
aggressive with much more frequent
metastasis and shorter relapse-free sur-
vival {1679}. The clinical and therapeutic
benefits of subclassifying pleomorphic
sarcomas are only just beginning to be
appreciated, hence the approach to sub-
classification and grading of pleomor-
phic sarcomas is likely to evolve.
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Fig. 3.24 A Many pleomorphic sarcomas contain large bizarre cells with foamy cytoplasm, which in the past were mistakenly regarded as histiocytic in nature. B
A storiform growth pattern is a common feature shared by many of these undifferentiated high grade pleomorphic sarcomas, irrespective of lineage. C The pres-
ence of polygonal cells with prominent eosinophilic cytoplasm usually suggests myogenic, epithelial or less often melanocytic differentiation. This case proved to
be a pleomorphic rhabdomyosarcoma.

BA C
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Definition
Formerly defined as a variant of malig-
nant fibrous histiocytoma (MFH) with
prominent osteoclastic giant cells, it is
now appreciated that this morphologic
pattern may be shared by a variety of
tumour types. The term giant cell MFH is
currently reserved for undifferentiated
pleomorphic sarcomas with prominent
osteoclastic giant cells.

ICD-O code 8830/3

Synonyms
Malignant giant cell tumour of soft parts,
malignant osteoclastoma, giant cell 
sarcoma.

Historical annotation
Although formerly defined as a variant of
malignant fibrous histiocytoma (MFH)
with prominent osteoclastic giant cells
{599} (and frequently known as malig-
nant giant cell tumour of soft parts/tis-
sues {61,848}) it is now appreciated that
this morphologic pattern may be shared
by a variety of tumour types (most
notably giant cell tumour of soft tissues,
extraskeletal osteosarcoma, leiomyosar-
coma and osteoclast-rich carcinoma)
{961}. It is difficult to define giant cell
MFH as a discrete entity and this diagno-
sis is gradually disappearing from com-
mon usage in soft tissue pathology. 

Epidemiology
All of the lesions previously subsumed
under this heading are very uncommon.
Arguably giant cell tumour of soft tissues
(see page 118) is the most frequent.
Almost all of the tumours which adopt the
pattern known as so-called giant cell
MFH occur in older adults with no sex
predilection. Rare examples of giant cell
tumour of soft tissue occur in children
and adolescents.

Sites of involvement
With the exception of giant cell tumour of
soft tissues (which shows a predilection
for subcutaneous tissue) {702,1591,

1608}, most tumours in this general cate-
gory occur in deep soft tissue of the
limbs or trunk. Organs in which giant cell-
rich or osteoclastoma-like carcinomas
are most common include pancreas, thy-
roid, breast and kidney.

Clinical features
Most tumours in this general category
present as an enlarging, painless, deep-
seated mass without distinctive features. 

Macroscopy
With the exception of giant cell tumour of
soft tissues, most tumours in this general
category are high grade and thus tend to
be large tumours with haemorrhage and
necrosis. Tumour size is variable but
superficially located examples are small-
er than those in deep soft tissue.

Histopathology
The features shared by tumours previ-

C.D.M. FletcherGiant cell malignant fibrous 
histiocytoma / Undifferentiated 
pleomorphic sarcoma with giant cells

Fig. 3.25 Giant cell MFH. Two tumours showing the pattern often labelled as giant cell MFH, being character-
ized by atypical spindle-shaped and more epithelioid cells admixed with prominent osteoclastic giant cells. The
example on top (A) proved to be anaplastic carcinoma of thyroid, while the lower one (B) was a soft tissue
osteosarcoma.

A

B
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ously labelled as giant cell MFH include
variably pleomorphic ovoid-to-spindle-
shaped cells and a prominent stromal
osteoclastic giant cell reaction. In most
(but not all) lesions the giant cell compo-
nent lacks cytological features of malig-
nancy, but some tumours diagnosed as
giant cell MFH were notable for the pres-
ence of numerous bizarre multinucleate
tumour giant cells. 
Aside from these similar (shared) fea-
tures, morphology is largely determined
by the specific tumour type. Giant cell-
rich soft tissue osteosarcoma (see page
182) definitionally shows variably promi-
nent ‘malignant’ osteoid being laid down
by cytologically atypical cells {355}.
Giant cell tumour of soft tissues (see
page 118) usually has a multinodular
growth pattern and cytologically resem-
bles giant cell tumour of bone {702,
1591,1608}. Leiomyosarcoma with
prominent osteoclastic giant cells has at
least small areas with conventional
smooth muscle cytomorphology and a
fascicular growth pattern {1411}. Other
sarcoma types may occasionally show
prominent osteoclastic giant cells {1415}.

Immunohistochemistry
Leiomyosarcoma with prominent osteo-
clastic giant cells usually shows positivi-
ty for smooth muscle actin and desmin in
the fascicular spindle cell component.
Unequivocal positivity for keratin is a
diagnostic requirement for osteoclas-
toma-like or giant cell-rich carcinoma,
with the exception of those cases show-
ing obvious morphologic transition to
usual carcinoma.

Prognostic factors
Undifferentiated high grade sarcomas
with prominent osteoclastic giant cells
behave similarly to other pleomorphic

sarcomas. Among neoplasms simulating
giant cell MFH, extraskeletal osteosarco-
ma and leiomyosarcoma are much more
aggressive than giant cell tumour of soft
tissues.

Fig. 3.28 Leiomyosarcoma mimicking so-called giant
cell MFH. Note with prominent osteoclastic giant
cells and the eosinophilic fascicular spindle cell
component..

Fig. 3.26 Giant cell MFH may resemble giant cell tumour of soft tissue, which has a multinodular growth pat-
tern, was often formerly labelled as giant cell MFH.

124 Fibrohistiocytic tumours

Fig. 3.27 Giant cell-rich soft tissue osteosarcoma.
This osteoclast-rich spindle cell malignant neoplasm
contains seams of osteoid produced by cytologically
malignant cells.
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Definition
A malignant neoplasm characterized by
numerous xanthomatous cells, morpho-
logically both benign and malignant,
admixed with atypical spindle cells and
acute and chronic inflammatory cells.
Originally regarded as a variant of so-
called malignant fibrous histiocytoma
(MFH), differentiation in these tumours is
poorly understood and their morphology
may be shared by both mesenchymal
and epithelial neoplasms. The term
inflammatory MFH is now reserved for
undifferentiated pleomorphic sarcomas
with a prominent histiocytic and inflam-
matory infiltrate.

ICD-O code 8830/3

Synonyms
Xanthomatous MFH, malignant fibrous
xanthoma, xanthosarcoma.

Epidemiology
This is the rarest and the least document-
ed type of MFH, with only two published
series of 7 and 8 cases {1096,1198} and
a few case reports. There is no apparent
gender predominance, and patients are
usually more than 40 years old.

Sites of involvement
The most common site is the retroperi-
toneum but intra-abdominal and deep
soft tissue locations have also been
observed.

Clinical features
In addition to symptoms and imaging
features of a large retroperitoneal tumour,
inflammatory MFH may be associated
with fever, weight loss, leukocytosis,
eosinophilia, and leukaemoid reaction.
Analysis of tumour extracts and immuno-
histochemistry suggested that produc-
tion of specific cytokines by tumour cells
is responsible for the systemic symptoms
{1401,2076}.

Aetiology
There is no aetiology known for inflam-
matory MFH, but one post-radiation case
has been reported {735}.

Macroscopy
This tumour is usually large and often
displays a yellow colour due to large col-
lections of xanthoma cells.

Histopathology
Inflammatory MFH is characterized by

sheets of benign xanthoma cells with
numerous inflammatory cells including
neutrophils, eosinophils and a minor
component of lymphocytes and plasma
cells. Some cases show only a few or no
xanthoma cells but are predominantly
composed of neutrophils and eosino-
phils. There are scattered atypical large
cells, with one or more irregular, hyper-
chromatic nuclei with prominent nucleoli.
These cells may be rare and difficult to
find and occasionally resemble Reed-
Sternberg cells. Occasionally atypical
cells are xanthomatized and typically
display phagocytosis of neutrophils.
These cells may be set in a hyalinized
collagenous background. In most cases,
there are typical areas of pleomorphic
MFH-like sarcoma with spindle and pleo-
morphic cells arranged in a haphazard
growth pattern. Like pleomorphic MFH,
inflammatory MFH is a diagnosis of
exclusion and could represent an inflam-
matory dedifferentiated component
shared by different neoplasms such as
carcinomas, lymphomas, leiomyosarco-
mas, inflammatory myofibroblastic
tumours and liposarcomas {956,961}.
Among these, dedifferentiated liposarco-
ma is the most common simulant.

J.M. CoindreInflammatory malignant fibrous 
histiocytoma / Undifferentiated 
pleomorphic sarcoma with prominent
inflammation

BA
Fig. 3.29 Inflammatory malignant fibrous histiocytoma. A Pleomorphic spindle cells are associated with numerous inflammatory cells. B The atypical cells may be sug-
gestive of a lymphoid neoplasm.
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Therefore inflammatory MFH areas may
often be associated with areas of more
specific tumours which should be care-
fully looked for.

Immunophenotype
Immunohistochemistry is useful for show-
ing a specific line of differentiation such
as epithelial, lymphoid or smooth muscu-
lar. In the other cases, the neoplastic
cells express vimentin, occasionally
CD68, but are negative for CD15, CD20,
CD30, CD43 and CD45 {1096}.

Ultrastructure
The tumour cells do not differ ultrastruc-
turally from tumour cells of pleomorphic
MFH.

Genetics
Genetic analysis may be particularly use-
ful for identifying a possible dedifferenti-
ated liposarcoma or other simulants such
as anaplastic large cell lymphoma.

Prognostic factors
From a review of the literature {961} and
a small series {1198}, it appears that two-
thirds of patients died of their tumour with
persistent or recurrent disease. About
one fourth of patients developed distant
metastasis. As in other retroperitoneal
sarcomas, this poor prognosis is proba-
bly related to the extent of the tumour
and its inaccessibility to proper surgery
at the time of the diagnosis.

126 Fibrohistiocytic tumours

Fig. 3.30 Inflammatory malignant fibrous histiocytoma. A Note the striking cytophagocytosis. B Pleomorphic
MFH-like areas with collagenous stroma are common.

A

B
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CHAPTER 4

Smooth Muscle Tumours

Smooth muscle tumours arising at non-cutaneous, non-uterine
locations have been the focus of a considerable conceptual shift
in recent years and this is ongoing. Specifically, it has been
uncertain whether or not there exist benign leiomyomas of deep
soft tissue, but these lesions are now becoming better 
recognized and defined. The vast majority of so-called smooth 
muscle tumours arising in the gastrointestinal tract, mesentery
and omentum are, in fact, gastrointestinal stromal tumours
defined by the presence of activating KIT mutations and expres-
sion of KIT protein. These lesions, described in the Digestive
System volume, also account for most cases formerly classified
as epithelioid smooth muscle tumours, or smooth muscle
tumours of uncertain malignant potential.

During the past decade, it has been recognized, mainly through
immunohistochemistry, that soft tissue leiomyosarcoma is more
common than formerly believed and that a rare but histological-
ly distinct subset of these lesions is related to Epstein Barr virus
infection in immunocompromised patients.

Pilar leiomyoma and cutaneous leiomyosarcoma are described
in the Skin volume. Smooth muscle tumours of the external 
genitalia (vulvovaginal region, scrotum and nipple), as well as
leiomyomatosis peritonealis disseminata, are described in the
respective WHO Blue Books.
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Angioleiomyoma H. Hashimoto
B. Quade

Definition
A frequently painful, benign subcuta-
neous or deep dermal tumour composed
of mature smooth muscle bundles which
surround and intersect between vascular
channels. These tumours form a mor-
phological continuum with myopericy-
toma and myofibroma.

ICD-O code 8894/0

Synonyms
Angiomyoma, vascular leiomyoma.

Epidemiology
Angioleiomyoma is a relatively common
neoplasm. In the largest series reported
by Hachisuga et al., 562 cases of angio-
leiomyoma accounted for approximately
4.4 % of a total of 12,663 cases of benign
soft tissue tumours {863}.

Sites of involvement
Most angioleiomyomas occur in the
extremities, especially the lower extre-
mity, and other sites include the head and
the trunk {1309}. The tumours are usually
located in the subcutis and less often 
in the deep dermis. Most of the solid 

histological subtype (see below) develop
in the lower extremity, and most of the 
cavernous subtype in the upper extre-
mity {863}. Tumours of the venous type 
develop more often in the head than do
the other subtypes. In contrast to pilar
leiomyoma (see volume on Skin Tumours),
almost all angioleiomyomas are solitary.

Clinical features
Angioleiomyomas occur more frequently
in women {555, 1500}, although tumours
located in the upper extremity and the
head appear more frequent in men than
in women {863}. The lesions usually
develop between the fourth and sixth
decades of life.
Most angioleiomyomas present as a
small, slowly enlarging mass usually of
several years’ duration. Pain is the most
characteristic subjective complaint in
about half of patients with angioleiomy-
oma {555}. In some patients the pain is
exacerbated by wind, cold, pressure,
pregnancy, or menses.

Macroscopy
Angioleiomyomas are sharply demar-
cated, spherical, grey-white or brown 

nodules, and most are less than 2 cm in
diameter. Tumours of the solid type are
smaller than those of the other two types.

Histopathology
Angioleiomyomas may be separated into
three subtypes according to the domi-
nant histological pattern: solid, venous
and cavernous. Smooth muscle cells of
angioleiomyoma are mature and well dif-
ferentiated. Mitotic figures are usually
absent or very rare. In tumours of the
solid type smooth muscle bundles are
closely compacted, and intersect with
one another. Vascular channels in this
type of tumour are large in number but
usually small in size and slit-like. Tumours
of the venous type have vascular chan-
nels of venous type with thick muscular
walls, and lesional smooth muscle bun-
dles are not so compact. The outer layers
of the smooth muscle in the vascular
walls blend with intervascular smooth
muscle bundles. Tumours of the cav-
ernous type are composed of dilated
vascular channels with small amounts of
smooth muscle, and the muscular walls
of these vessels are difficult to distinguish
from intervening smooth muscle bundles.
Although two different histological pat-
terns are seen occasionally in the same
tumour, one of the above histological
subtypes is generally identified as the
dominant histology. According to this
subclassification, the angioleiomyomas
reported by Hachisuga et al. were sepa-
rated into 374 cases (66%) of the solid
type, 127 (23%) of the venous type, and
61 (11%) of the cavernous type {863}.
Rarely, the nuclei of smooth muscle cells
are enlarged and hyperchromatic, proba-
bly displaying degenerative nuclear atyp-
ia {307,1076,1344}. Areas of hyaliniza-
tion, calcification, myxoid change, haem-
orrhage, and small groups of mature fat
cells may be seen {863}. Because there
is no evidence of any relationship
between those fat-containing angi-
oleiomyomas and renal or retroperitoneal
angiomyolipomas, nor with tuberous
sclerosis, they should not be labelled
"subcutaneous angiomyolipoma". Fig. 4.01 Solid type angioleiomyoma located in the subcutis showing sharp demarcation.
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Immunohistochemistry
Most cells are positive for alpha-
smooth muscle actin, desmin, vimentin
and collagen type IV. According to a
study by Hasegawa et al., in more 
than half  of cases, small nerve fibres
positive for both S100 protein and
PGP9.5 are seen within the capsule of
tumours and tumour stroma {899}. The
peculiar pain of angioleiomyomas is

possibly mediated by these nerve
fibres. In contrast to renal and retroperi-
toneal angiomyolipoma, angioleiomyo-
mas (including the fat-containing
examples) are consistently negative for
HMB45.

Genetics
Cytogenetic data exist for only four
angioleiomyomas from different sites.

All had near-diploid karyotypes, but no
consistent abnormality has been
detected among them {926,936,1567,
1989}.

Prognostic factors
Angioleiomyoma is benign. Simple
local excision is adequate treatment,
and recurrence after excision is 
exceptional.

DC

BA

Fig. 4.02  A Angioleiomyomas are typically composed of monomorphic well differentiated smooth muscle cells. B Solid type angioleiomyoma composed of closely com-
pacted vascular and muscle elements. C Cavernous type angioleiomyoma showing dilated vascular channels with little muscular thickening of the walls. 
D Angioleiomyoma with groups of mature fat cells.

bb5_9.qxd  13.9.2006  10:47  Page 129



Definition
A very rare type of leiomyoma that
occurs in the deep somatic soft tissue or
retroperitoneum/abdominal cavity.

ICD-O code 8890/0

Epidemiology
The existence and diagnostic criteria of
leiomyomas of deep soft tissue have
been controversial, and only sporadic
cases reports of leiomyomas arising in
the deep soft tissue have been reported,
except for the recent three large series
by Kilpatrick et al. {1106}, Billings et al.
{196}, and Paal and Miettinen {1636},
respectively.

Sites of involvement
The extremities are the most common
site in the deep somatic soft tissue. They
arise in the deep subcutis or skeletal
muscle. Pelvic retroperitoneum and
abdominal cavity, including the mesen-
tery and omentum, are other deep soft
tissues where leiomyomas may occur.
They are always distinct from the uterus
and independent soft tissue primaries
rather than parasitic leiomyomas of the
uterus.

Clinical features
Leiomyomas of the deep somatic soft tis-
sue affect both sexes equally, whereas
leiomyomas of the retroperitoneum or
abdominal cavity occur almost exclu-
sively in women {196,1636}. Most
patients in both groups are young adults
or middle-aged. Many lesions are calci-
fied, so they may be detected radi-
ographically.

Macroscopy
Leiomyomas of the deep soft tissue are
well circumscribed, grey-white tumours.
The greatest diameter of 11 leiomyomas
of the deep somatic soft tissue reported
by Kilpatrick et al. ranged 2.5 – 15 cm
(mean 7.7 cm), and most measured 5 cm
or more, exceeding the usual size of
angioleiomyomas {1106}. Twenty retro-
peritoneal and 3 abdominal leiomyomas

reported by Billings et al. ranged in size
3.2-37 cm (mean 14 cm) {196}. The
greatest diameter of 51 retroperitoneal
leiomyomas reported by Paal and
Miettinen ranged 2.5 - 31 cm (mean 16.2
cm), and the tumour weight ranged 28 -
5400 g (mean 1600 g) {1636}. Myxoid
change is common.

Histopathology
Leiomyomas of deep soft tissue are
composed of cells that closely resemble
normal smooth muscle cells because
they have eosinophilic cytoplasm with
haematoxylin and eosin, fuchsinophilic,
red-staining cytoplasm with Masson’s
trichrome technique and bland, uniform
blunt-ended, cigar-shaped nuclei. They
are arranged in orderly intersecting fas-
cicles. They are highly differentiated,
possess little or no atypia and, at most,
an extremely low level of mitotic activity.
In limb lesions and intra-abdominal
lesions in males, mitoses number less
than 1/50 HPF. In peritoneal / retroperi-
toneal lesions in females (showing posi-
tivity for hormonal receptors) mitoses
may number up to 5/50 HPF. Necrosis
should not been present in deep leio-
myoma. Most lesions are paucicellu-
lar, and degenerative or regressive
changes, such as fibrosis, hyaliniza-
tion, calcification and myxoid change,
are common in large leiomyomas.
Ossification, focal epithelioid change,
clear cell change and fatty differentia-
tion {1393} are also occasionally seen. If
the fatty change is prominent, such
tumours should be termed myolipoma
(see page 29). The significance of focal
degenerative nuclear atypia is as yet
not fully defined and should always
prompt a careful search for mitoses and
additional sampling.

Immunohistochemistry
Tumour cells are always positive for
actin, desmin and h-caldesmon at least
focally. S100 protein is negative. Billings
et al. reported that all six of the retroperi-
toneal leiomyomas tested were positive
for progesterone receptors and five 

of six were positive for oestrogen recep-
tors, probably indicating that the tumours
arise from hormonally sensitive smooth
muscle {196}, whereas none of the
somatic leiomyomas {196} or retroperi-
toneal leiomyosarcomas {1636} ex-
pressed either hormone receptor protein. 

Prognostic factors
Tumours categorized as leiomyomas of
the deep soft tissue should be cured by
complete excision. If they recur, the
recurrence should be nondestructive.
Long-term follow-up did not reveal
metastases, but one of 29 patients
reported by Billings et al {196} and two of
36 patients reported by Paal and
Miettinen {1636} had local recurrence;
however, none of the patients with recur-
rence demonstrated disease progres-
sion in follow-up.

H. Hashimoto
B. Quade

Leiomyoma of deep soft tissue
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Fig. 4.03  A Leiomyoma of the retroperitoneum com-
posed of interlacing fascicles of bland smooth mus-
cle cells. B Leiomyoma of the retroperitoneum show-
ing myxoid change.

A

B

bb5_9.qxd  13.9.2006  10:47  Page 130



Definition
Leiomyosarcoma is a malignant tumour
composed of cells showing distinct
smooth muscle features.

ICD-O code 8890/3

Epidemiology
Soft-tissue leiomyosarcoma usually
occurs in middle-aged or older persons,
although it may develop in young adults
and even in children {1839, 2066}. 
Leiomyosarcoma forms a significant 
percentage of retroperitoneal (including
pelvic) sarcomas {906,1749,1754,1945,
2268} and is the predominant sarcoma
arising from larger blood vessels {166,
1095,1243,2192}. Aside from these loca-
tions, it is a comparatively less common
sarcoma, accounting for perhaps 10-15%
of limb sarcomas. The sex incidence
depends on tumour location, with women
forming a clear majority of patients with
retroperitoneal and inferior vena cava
leiomyosarcomas but not of those with
leiomyosarcomas in other soft tissue sites.

Sites of involvement
The most common location of soft tissue
leiomyosarcoma is the retroperitoneum,
including the pelvis. Another distinctive
subgroup consists of leiomyosarcomas
that arise in large blood vessels, most
commonly the inferior vena cava and the
large veins of the lower extremity. Arterial
origin occurs but is rare; sarcomas of the
pulmonary artery and other large arteries
generally do not have the features of
leiomyosarcoma and are better classified
as intimal sarcomas (see page 223).
Leiomyosarcomas involving nonretro-
peritoneal soft tissue sites constitute a
third group {423,642,903,2039}. These
are found most frequently in the lower
extremity but may develop elsewhere.
Intramuscular and subcutaneous local-
izations occur in approximately equal
proportion, and some of these tumours
show evidence of origin from a 
small to medium sized (unnamed) vein. 
Leiomyosarcomas also develop in the 
dermis, but these are discussed in the
volume on tumours of the skin.

Clinical features
Soft tissue leiomyosarcoma generally
presents as a mass lesion. With retroperi-
toneal tumours, pain may also be present.
The symptoms produced by leiomyosar-
coma of the inferior vena cava depend on
the portion involved. When the tumour is
in the upper portion, it obstructs the
hepatic veins and produces the Budd-
Chiari syndrome, with haepatomegaly,
jaundice, and ascites. 

H.L. Evans
J. Shipley

Leiomyosarcoma

Fig. 4.04 Leiomyosarcoma. This high grade lesion (19
cm) from the quadriceps muscle shows extensive
necrosis and haemorrhage.

Fig. 4.05 Leiomyosarcoma composed of nodules and bundles of eosinophilic spindle cells. Fig. 4.06 Leiomyosarcoma with typical intersecting
groups of spindle cells.

131Leiomyoma of deep soft tissue
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Location in the middle portion may
result in blockage of the renal veins
and consequent renal dysfunction,
whereas involvement of the lower 
portion may cause leg oedema. The
latter may also occur with leiomyosar-
comas of the large veins of the lower
extremity. 
Imaging studies of leiomyosarcoma
demonstrate a nonspecific soft tissue
mass but are helpful in delineating the
relationship to adjacent structures, par-
ticularly in the retroperitoneum. 
In the instance of leiomyosarcoma of
vein origin, venogram may demon-
strate an intraluminal component. 

Aetiology
The cause of soft tissue leiomyosar-
coma is unknown. The predominant
occurrence of retroperitoneal and 
inferior vena cava leiomyosarcomas in
women raises the question of hormonal
influence, but this is unclear.

Macroscopy
Leiomyosarcoma of soft tissue typically
forms a fleshy mass, with colours 
varying from grey to white to tan. A
whorled character may be evident to
some degree. Larger examples often
display haemorrhage, necrosis, or 
cystic change. The tumour border 

frequently appears well circumscribed,
although obvious infiltrativeness may
also be found. In the retroperitoneum
there may be extension into adjacent
organs.

Histopathology
The typical histological pattern of
leiomyosarcoma is that of intersecting,
sharply marginated groups of spindle
cells. This pattern may be less well
defined in areas of some tumours, and
occasionally there is a focal storiform,
palisaded, or haemangiopericytoma-like
arrangement. The tumours are usually
compactly cellular, but fibrosis or myx-
oid change may be present; in the latter
instance, a retiform or microcystic pat-
tern may result. Hyalinized, hypocellular
zones and coagulative tumour necrosis
are frequent in larger leiomyosarcomas.
Rarely there is abundant chronic or
acute inflammation {1421}.
The tumour cell nuclei are characteristi-
cally elongated and blunt-ended and
may be indented or lobated. Nuclear
hyperchromatism and pleomorphism
are generally notable, although they
may be focal, mild, or occasionally
absent. Mitotic figures can usually be
found readily, although they may be few
or patchy; and atypical mitoses are
often seen. The cytoplasm varies from
typically eosinophilic to pale, and in the
former instance is often distinctly fibril-
lar. Cytoplasmic vacuolation is frequent-
ly apparent, particularly in cells cut
transversely. Epithelioid cytomorpholo-
gy, multinucleated osteoclastlike giant
cells {1411}, very prominent chronic
inflammatory cells {1421}, and granular
cytoplasmic change {1573} are unusual
findings that are normally present in only
part of a tumour when identified.
Occasional soft tissue leiomyosarcomas
contain areas with a nonspecific, poorly
differentiated, pleomorphic appearance
in addition to typical areas {1594}.
These could be regarded as "dediffer-
entiated leiomyosarcomas" although this
term is not in common use. Rarely, an
osteosarcomalike or rhabdomyosarco-
matous component is associated with
leiomyosarcoma (see "malignant mes-
enchymoma").

Immunophenotype
SMA, desmin and h-caldesmon are
positive in a great majority of soft tissue
leiomyosarcomas. However, none of
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Fig. 4.07 Leiomyosarcoma (A) showing fascicles which intersect at 90o and, in another case (B), showing a peri-
cytoma-like vascular pattern.
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these is absolutely specific for smooth
muscle (or indeed muscle in general),
and positivity for two of these markers 
is more supportive of leiomyosarco-
ma than positivity for one alone.
"Dedifferentiated" areas may be ne-
gative for SMA and desmin, but total
negativity for both in a tumour would
cast great doubt on the diagnosis of
leiomyosarcoma. Stains that may be
positive, at least focally, include 
keratin, EMA, CD34, and S100 protein.
KIT (CD117) is normally negative, in
contrast to gastrointestinal stromal
tumours. In general, the diagnosis of
soft tissue leiomyosarcoma should not
be made on the basis of immunostains
in the absence of appropriate morpho-
logic features.

Ultrastructure
Soft tissue leiomyosarcomas usually
demonstrate at least some of the ultra-
structural features of normal smooth
muscle cells, namely cytoplasmic fila-
ments with densities, cell junctions,
pinocytotic vesicles, and basement
membrane. However, any, or occasio-
nally, all of these may be focal or absent,
and the findings may be nonspecific. It 
is particularly important to note that 
filaments with densities are present in 
myofibroblasts and can occur in other
cells. Electron microscopy is not gene-
rally needed for the diagnosis of soft 
tissue leiomyosarcoma, and ultrastruc-
tural observations should always be 
correlated with the light microscopic 
appearance.

Genetics
Cytogenetics 
Karyotypes from around 100 leiomyo-
sarcomas have been reported {1477}.
Most karyotypes are complex and no
consistent aberrations have been noted

{2215}. Frequently lost chromosome
regions include 3p21-23, 8p21-pter,
13q12-13, 13q32-qter, whereas the
1q21-31 region is often gained {1314}.
No striking differences among different
subtypes have been identified {1314}.
Comparative genomic hybridization
(CGH) has confirmed frequent numerical
changes, including gain of material from
chromosomes 1, 15, 17, 19, 20, 22 and
X and loss from 1q, 2, 4q, 9p, 10, 11q,
13q and 16, and has identified regions
of amplification, e.g., 1q21, 5p14-pter,
12q13-15, 13q31, 17p11 and 20q13)
{2215}. Tumour size-related changes
have been observed, such as an 
association of gain of 16p and 17p with
smaller tumours and gain of 6q and 8q
with larger tumours {577}. 

Fig. 4.10 24-colour karyotype and corresponding reverse DAPI-banded image from a soft tissue leiomyosar-
coma showing multiple copies of chromosomes and many rearranged chromosomes.
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B CA
Fig. 4.08 Leiomyosarcoma showing (A) a myxoid, reticular appearance, (B) necrosis and hyalinization, and (C) abrupt transition to more pleomorphic tumour indicative
of dedifferentiation.

Fig. 4.09 Leiomyosarcoma. Tumour cells contain
prominent longitudinal filament bundles with focal
densities. Note also the external lamina.
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Molecular genetics
The RB1 gene has been implicated,
which is consistent with loss of 
chromosome 13 material {2042}. Ana-
lysis of the genes and proteins 
in the Rb-cyclinD pathway (RB1,
CDKN2A, CCND1, and CCND3) has
revealed frequent abnormalities in
leiomyosarcomas {488}. Involvement of
TP53 and MDM2 appears less frequent
than in other sarcoma types {488,692},
although such abnormalities have 
been suggested to correlate with a
poorer prognosis in leiomyosarcomas
{1668}. Amplification at a number of 
loci suggest candidate genes in these
regions including MDM2, GLI, CDK4
and SAS at 12q13-15, the FLF and
PRUNE genes at 1q21, and the critical
region involved in Smith-Magenis 
syndrome at 17p11.2 {579,692,708,
709,712,1627}.

Prognostic factors
Soft tissue leiomyosarcomas are 
capable of both local recurrence 
and distant metastasis. Regional 
(or other) lymph node metastasis is
rare. The most important prognostic
factors by far are tumour location and
size, which are strongly interrelated.
Retroperitoneal leiomyosarcomas are
fatal in the great majority of cases; they
are typically large (over 10 cm), often
difficult or impossible to excise with
clear margins, and prone to both 
local recurrence and metastasis. 
Leiomyosarcomas of large vessels
also tend to have a poor prognosis,
although local control rates are higher
except for those in the upper in-
ferior vena cava, and very small exam-
ples (1-2 cm) may be less prone to
metastasize. Nonretroperitoneal soft
tissue leiomyosarcomas are generally
smaller than those in the retroperi-
toneum, more amenable to local con-
trol, and more favourable in outlook
overall. In some studies, intramuscular

rather than subcutaneous location
{903} and larger tumour size {642,
1479} were related to increased me-
tastasis and poorer patient survival
within this group. Histological grading
as well as osseous and vascular
involvement are reliable prognostic
indicators.
Local recurrences and metastases of
soft tissue leiomyosarcoma usually
become manifest within the first few
years after diagnosis but may appear
as much as 10 years later. For
retroperitoneal leiomyosarcomas, the
most common sites of metastases are
the lungs and liver, whereas the lungs
are the dominant location when the pri-
mary tumour is nonretroperitoneal.
Metastases also occur with some fre-
quency in skin, soft tissue, and bone. 

Smooth muscle tumours in
immunocompromised patients
Smooth muscle tumours in immunocom-
promised individuals, to this point
described only in single case reports and
small series, form a distinctive subgroup.
These usually involve parenchymal
organs rather than soft tissue, occur pre-
dominantly in children and young adults
who are HIV positive {323,1368,1811,
2179} or post-transplant, and are asso-
ciated with Epstein-Barr virus. The
tumours may be multifocal, and at least in
some instances this appears to represent
true multicentricity rather than metastasis
{1811,1985}. Histologically, they range
from bland to mitotically active, may have
a variable lymphocytic infiltrate of uncer-
tain significance and may show a perivas-
cular growth pattern.

Fig. 4.11 Amplification in leiomyosarcomas identified by CGH analysis.  CGH images, reverse DAPI-banded
chromosomes and corresponding profiles of the red to green fluorescence intensities are shown and indi-
cate amplification at 1q21-q25, 5p, 12q13-q21, 17q11.2-q12 and 20q, respectively.
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CHAPTER 5

Pericytic (Perivascular) Tumours

Pericytic / perivascular neoplasms have traditionally been domi-
nated by haemangiopericytoma. However, it is now recognized
that the latter diagnostic category subsumes a wide variety of
tumour types which share the presence of thin-walled branch-
ing blood vessels. If such lesions are otherwise classified, there
remains only a small group of spindle cell lesions designated
as haemangiopericytoma, although they have no evident rela-
tionship to pericytes, and may be more closely related to soli-
tary fibrous tumour (see Chapter 2).

The lesions now remaining in this pericytic / perivascular cate-
gory all show evidence of differentiation towards myoid / con-
tractile perivascular cells and all share the characteristic ten-
dency to grow in a circumferential perivascular fashion.
Currently, the term ‘myopericytoma’ is preferred to avoid confu-
sion with the ill defined former terminology. 

Important advances have been made in predicting biological
potential of glomus tumours and in understanding the close
relationship between myopericytoma, myofibroma / myofibro-
matosis, and so-called infantile haemangiopericytoma, which
essentially form a single morphological continuum. Their myoid
nature and shared features with angioleiomyoma explain their
more logical alignment with smooth muscle tumours rather than
vascular tumours in this new classification.

Sinonasal haemangiopericytoma, which appears to be a truly
pericytic lesion, is described in the Respiratory System volume.
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Definition
Glomus tumours are mesenchymal neo-
plasms composed of cells that closely
resemble the modified smooth muscle
cells of the normal glomus body.

ICD-O codes
Glomus tumour 8711/0
Glomus tumours of uncertain 
malignant potential 8711/1
Malignant glomus tumour 8711/3

Epidemiology
Glomus tumours are rare, accounting
for less than 2% of soft tissue tumours
{1946}. Multiple lesions may be seen in
close to 10% of patients. Malignant 
glomus tumours are exceedingly rare,
comprising less than 1% of glomus
tumours {697}.
Glomus tumours typically occur in
young adults but may occur at any age.
No sex predilection is seen, except in
subungual lesions, which are far more
common in women {2079,2177}.

Sites of involvement
The vast majority of glomus tumours
occur in the distal extremities, particular-
ly the subungual region, the hand, the
wrist and the foot {2246}. Rare tumours
have however been reported in almost
every location, including the stomach
{885}, penis {1132}, mediastinum {952},
nerve {293}, bone {1815} and lung {751}.
Glomus tumours almost always occur in
the skin or superficial soft tissues,
although rare cases occur in deep soft
tissue or viscera. Malignant glomus
tumours are usually deeply seated, but
may be cutaneous {697}.

Clinical features
Cutaneous glomus tumours are typically
small (<1 cm), red-blue nodules that are
often associated with a long history of
pain, particularly with exposure to cold
or minor tactile stimulation. 
Deeply seated or visceral glomus
tumours may have either no associated
symptoms or symptoms referable to the
involved organ.

Histopathology
Typical glomus tumours
Typical glomus tumours are subcatego-
rized as "solid glomus tumour", "gloman-
gioma", and "glomangiomyoma" depend-
ing on the relative prominence of glomus
cells, vascular structures and smooth
muscle. Glomus cells are small, uniform,
rounded cells with a centrally placed,
round nucleus and amphophilic to lightly
eosinophilic cytoplasm. Each cell is sur-
rounded by basal lamina, seen best on
PAS or toluidine blue histochemical
stains. Occasionally cases show onco-
cytic {1967} or epithelioid change
{1737}.
Solid glomus tumours are the most com-
mon variant, comprising approximately
75% of cases {2242}. They are com-
posed of nests of glomus cells surround-
ing capillary sized vessels. The stroma
may show hyalinization or myxoid
change. Small cuffs of glomus cells are
often seen around small vessels located
outside of the main mass. Gloman-
giomas, comprising approximately 20%
of glomus tumours, are characterized by
dilated veins surrounded by small clus-
ters of glomus cells. Glomangiomas are
the most common type of glomus tumour
in patients with multiple or familial
lesions. Glomangiomyomas, the least
common subtype of typical glomus
tumour, are characterized by an overall
architecture similar to solid glomus
tumour or glomangioma and by a transi-
tion from typical glomus cells to elongat-
ed cells resembling mature smooth mus-
cle. In some glomus tumours a branch-
ing, haemangiopericytoma-like vascula-
ture is present and such cases have
been designated "glomangiopericytoma"
{825}.

Glomangiomatosis
Glomangiomatosis is an extremely rare
variant of glomus tumour with an overall
architectural resemblance to diffuse
angiomatosis (see page 161) {697, 823,
1294}. Glomangiomatosis is distin-
guished from angiomatosis by the pres-
ence of multiple nodules of solid glomus

tumour investing the vascular walls. It is
benign despite its infiltrative growth.

Symplastic glomus tumours
Symplastic glomus tumours show strik-
ing nuclear atypia in the absence of any
other worrisome feature (e.g., large size,
deep location, mitotic activity, necrosis)
{697}. The marked nuclear atypia that
characterizes these tumours is believed
to be a degenerative phenomenon. All
cases reported to date have behaved in
a benign fashion.

Malignant glomus tumours 
(glomangiosarcomas) and glomus
tumours of uncertain malignant potential
Histologically malignant glomus
tumours are exceedingly rare and clini-
cally malignant ones (e.g., metastatic)
rarer yet. Prior to 2000, fewer than 20
histologically malignant and 2 clinically
malignant tumours had been reported
{21,54,247,823,885,952,953,1575,
2219,2220, 2255}. Criteria for the diag-
nosis of malignancy in glomus tumours
were only recently elaborated {697}.
The diagnosis of "malignant glomus
tumour" should be reserved for tumours
showing: 1) Size >2 cm and subfascial
or visceral location; 2) Atypical mitotic
figures; or 3) Marked nuclear atypia
and any level of mitotic activity. These
features frequently co-vary in a given
case. A component of pre-existing
benign-appearing glomus tumour is
often but not always present. There are
two types of malignant glomus tumour.

136 Pericytic (perivascular) tumours

Fig. 5.01 Glomus tumour. Note the typical rounded
cytomorphology and well defined cell membranes.
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In the first type, the malignant com-
ponent resembles a leiomyosarcoma or
fibrosarcoma. In the second type, the
malignant component retains an overall
architectural similarity to benign glomus
tumour and consists of sheets of highly
malignant appearing round cells.
Immunohistochemical demonstration of
smooth muscle actin and pericellular
type IV collagen is required for the
diagnosis of this second type of 
malignant glomus tumour, in the ab-
sence of a clear-cut benign precursor.
Malignant glomus tumours are highly
aggressive with metastases in appro-
ximately 40% of cases, resulting in the
death of the patient {697}. Glomus
tumours not fulfilling criteria for ma-

lignancy, but having at least one 
atypical feature other than nuclear
pleomorphism should be diagnosed as 
"glomus tumours of uncertain malignant 
potential".

Immunohistochemistry 
Glomus tumours of all types typically
express smooth muscle actin and have
abundant pericellular type IV collagen
production. H-caldesmon is also posi-
tive. Other markers, including desmin,
CD34, cytokeratin and S100 protein are
usually negative {697}. 

Ultrastructure
Ultrastructurally glomus cells have short
interdigitating cytoplasmic processes,

bundles of thin actin-like filaments with
dense bodies and occasional attach-
ments plaques to the cytoplasmic mem-
brane and prominent external lamina
{1449}.

Genetics
Multiple familial glomus tumours appear
to have an autosomal dominant pattern
of inheritance {164,884,1363}. An asso-
ciation between subungual glomus
tumours and neurofibromatosis type I
has been reported {1109,1602,1867}.
The gene for multiple inherited glomus
tumours has been linked to chromo-
some 1p21-22 {229,297}. The genetic
events underlying sporadic glomus
tumours are not known.

Fig. 5.05 Symplastic glomus tumour with prominent
nuclear atypia but without mitotic activity.

Fig. 5.02 Glomangioma. The lesion is composed of
dilated vascular spaces, the walls of which contain
several layers of glomus cells.

Fig. 5.03 Glomangioma, composed of dilated vascu-
lar spaces, the walls of which contain several layers
of glomus cells.

Fig. 5.04 Glomus tumour. A Tumour cells show con-
sistently strong immunoreactivity for smooth muscle
actin. B Ultrastructure showing prominent external
lamina, pinocytotic vesicles and intracytoplasmic
actin microfilaments.

A

B

BA
Fig. 5.06 A Malignant glomus tumour, spindle cell type. B Malignant glomus tumour, round cell type. Note the
brisk mitotic activity.
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Definition
Myopericytoma is a benign, generally
subcutaneous tumour that is composed
of oval-to-spindle shaped myoid appear-
ing cells with a striking tendency for con-
centric perivascular growth. It is believed
that the lesional cells show apparent dif-
ferentiation towards perivascular myoid
cells or myopericytes. Myopericytoma
forms a morphological continuum with
myofibroma, angioleiomyoma and so-
called infantile haemangiopericytoma.

ICD-O code 8713/1

Synonyms
In the past, myopericytoma may have
been diagnosed as a solitary myofibro-
ma or "haemangiopericytoma."

Epidemiology
Myopericytoma arises most commonly in
mid adulthood; however, lesions can
arise at any age. Familial cases have not
been reported.

Sites of involvement
Myopericytoma generally arises in sub-
cutaneous tissue. There is a predilection
for lesions to involve the distal extremi-
ties; however, tumours can also arise at
other sites, including the proximal
extremities and neck. It is likely that a
wider site distribution will be described
with increased recognition of this tumour.

Clinical features
Myopericytoma generally presents as a
painless, slow-growing subcutaneous
nodule that can be present for years.
Some lesions are painful. Myopericytoma
most commonly arises as a solitary
lesion but multiple lesions are not infre-
quent. Multiple lesions generally arise
metachronously and usually involve a
particular anatomic region such as a
foot.

Macroscopy
Myopericytoma tends to be a well cir-
cumscribed nodule measuring less than
2 cm in diameter.

Histopathology 
Myopericytomas are unencapsulated and
most lesions are fairly well circumscribed.
Lesions are composed of relatively
monomorphic oval-to-spindle shaped
myoid appearing cells that show striking
multilayered concentric growth around

lesional blood vessels. The cells have
eosinophilic or amphophilic cytoplasm.
Lesions can be solidly cellular; however
some cases have prominent myxoid stro-
ma. In occasional cases, the spindle cells
fall apart in the intervascular regions. In
many cases, blood vessels outside the

M.E. McMenaminMyopericytoma

Fig. 5.07 Myopericytoma. A Typical proliferation of tumour cells around blood vessels at the periphery of this
poorly circumscribed example. B Prominent gaping thin-walled blood vessels (left) and formation of whorls of
spindle cells.

A

B
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lesion also show concentric perivascular
proliferation of spindle cells. Lesional
blood vessels tend to be numerous and
can be variable in size. In some cases,
numerous thin walled branching or gap-
ing blood vessels are present. Fasicular
or whorled arrangements of spindle cells
with abundant eosinophilic cytoplasm,
embedded in myxoid stroma, are present
in some cases. These areas are similar to
the myoid whorls of myofibromatosis/
myofibroma and invagination or bulging of
these areas into the lumina of lesional
blood vessels is frequently seen.
Subendothelial proliferation of lesional
cells in vessel walls is frequently seen
and, indeed, myopericytoma can be
located entirely within the lumen of a vein.
Some myopericytomas have a compo-
nent of cells with glomus-type features
including cuboidal shape, distinct cell
borders, clear to eosinophilic cytoplasm
and central round nuclei and the term glo-
mangiopericytoma can be used in such
cases. In reality a spectrum of lesions
exists that includes myofibromatosis,
myofibroma, infantile haemangiopericy-
toma, glomangiopericytoma and myoper-
icytoma {295,825}. Rarely, lesions show
marked hyalinization, cystic change or
focal metaplastic bone. Mitoses are not
conspicuous (generally much less than
1/10 HPF). Coagulative necrosis has been
described in a glomangiopericytoma;
however, this appears to be a very unusu-
al finding {825}.

Immunophenotype
The spindle cells in myopericytomas are
positive for smooth muscle actin (SMA).
SMA staining is generally diffusely posi-
tive, but can be only focally positive, gen-
erally in a perivascular distribution. 

Occasional cases are focally desmin
positive {825}. Focal CD34 staining by
lesional cells occurs in some cases.
Lesional cells are negative for S100 pro-
tein and most cases are negative for
cytokeratin.

Prognostic factors
Most myopericytomas do not recur fol-
lowing excision. Recurrence may be
related to poor circumscription of a
lesion. Sometimes it is difficult to know
whether a myopericytoma has recurred
or whether a new lesion has developed in
the same anatomic area. Very rare malig-
nant myopericytomas exist {1383}.

Fig. 5.10 Myopericytoma. A whorl of spindle cells in
myxoid stroma bulges into the lumen of a blood ves-
sel reminiscent of myofibromatosis / myofibroma.

Fig. 5.09 Myopericytoma. Marked immunoreactivity
for smooth muscle actin accentuates the perivascu-
lar growth pattern.

Fig. 5.08 Myopericytoma. A Concentric perivascular growth pattern and foci of myxoid stroma. B A multilayered
concentric proliferation of spindle cells with myoid features around blood vessels.

A

B
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CHAPTER 6

Skeletal Muscle Tumours

Extracardiac rhabdomyomas take several forms, may affect
adults or children and are very rare. They are clinically benign
and usually have no great biologic significance once they have
been accurately diagnosed. 

Malignant tumours showing skeletal muscle differentiation are
very uncommon, but retain importance as they represent the
largest subset of soft tissue sarcomas in infants and children.
Because of the important prognostic differences, much empha-
sis has been placed in recent years on the more accurate and
reproducible distinction between the embryonal and alveolar
variants of rhabdomyosarcoma. Validation of this distinction
(and important support for the existence of a solid variant of
alveolar rhabdomyosarcoma) has come particularly from cyto-
genetic and molecular genetic analysis. With increasing and
more reliable use of immunostains, rhabdomyosarcoma in
adults is no longer regarded as exceptionally rare. In this age
group it is most often represented by the pleomorphic subtype. 
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Rhabdomyoma (RM) is a benign mes-
enchymal tumour with skeletal muscle
differentiation that is classified into car-
diac and extracardiac types based on
location {1978}. Cardiac RM will be dealt
with in the WHO classification of heart
tumours. Extracardiac RM is further clas-
sified into adult and fetal types, depend-
ing on the degree of differentiation, and
has a predilection for the head and neck
{515,1063,1065,1155,2274}. Rarely, RM
may occur in the genital tract (genital
RM). Unlike cardiac RM, there is no
association with tuberous sclerosis
{1065,1978,2274}.

ICD-O code 8900/0

Definition
Adult rhabdomyoma (A-RM) is a rare
benign mesenchymal tumour with mature
skeletal muscle differentiation and a
predilection for the head and neck region.

ICD-O code 8904/0

Sites of involvement
The head and neck region (90%) is the
most common site, mainly the upper

aerodigestive mucosa (pharynx, oral
cavity, and larynx) and soft tissue of neck
{1065}.

Clinical features
The median age is 60 years (range 33 to
80 years) with a 3:1 male predominance
{1065}. Symptoms include upper airway
obstruction and mucosal or soft tissue
mass (median duration 2 years, range 2
weeks to 3 years); in 10% the mass is
asymptomatic {1065}. A-RM is often soli-
tary (70%), but may be multinodular
(26%) with discrete nodules in the same
anatomic area or, rarely, multicentric
(4%) {1065}. 

Macroscopy
The mass (median size 3 cm, range 1.5
to 7.5 cm) is circumscribed deep tan to
red-brown, soft, and nodular or lobulated
{1065}.

Histopathology
A-RM is well circumscribed but unen-
capsulated and composed of lobules of
closely packed uniform large polygonal
cells in a scant stroma {1065}. The cells
have abundant, eosinophilic, granular or
vacuolated cytoplasm ("spider" cells)
with well defined borders, and vesicular,
small, round, centrally or peripherally
located nuclei, at times with prominent

nucleoli. Haphazardly arranged rod-like
cytoplasmic inclusions and cross stria-
tions are seen focally. The glycogen-rich
cytoplasm is periodic acid-Schiff (PAS)-
positive, diastase sensitive. Phospho-
tungstic acid-hematoxylin, Masson
trichrome or immunohistochemical stains
highlight the cytoplasmic cross striations
as well as the crystalline or rod-like
inclusions {1065}.

Immunophenotype
The skeletal muscle differentiation is eas-
ily demonstrated on immunohistochemi-
cal stains with cytoplasmic positivity for
MSA, desmin and myoglobin in all cases
{368,616,880,933,1063,1065,2274}.
Focal or rare positivity may be seen for
vimentin, SMA and S100 protein. GFAP,
cytokeratin, EMA, and CD68 stains are
negative {1065}.

Ultrastructure
Electron microscopy demonstrates cyto-
plasmic myofilaments, Z-bands and
glycogen granules {142,368,933,1155}. 

Prognostic factors
Complete excision is the recommended
treatment. In one study, follow-up
showed local recurrence (42%) in the
same anatomic site, from 2-11 years
after diagnosis, often after incomplete

Rhabdomyoma S.B. Kapadia
F.G. Barr
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Adult rhabdomyoma

BA
Fig. 6.01 Adult rhabdomyoma. A Well circumscribed mass composed of large polygonal cells with eosinophilic vacuolated cytoplasm and surrounded by normal skeletal
muscle. B Higher magnification shows large, polygonal cells with abundant granular and vacuolated cytoplasm.
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excision {1065}. A-RM may recur after
many years or on more than one occa-
sion, but lacks aggressive behaviour or
malignant potential.

Definition
Fetal rhabdomyoma (F-RM) is a rare
benign mesenchymal tumour that
exhibits immature skeletal muscle differ-
entiation and a predilection for the head
and neck. 

ICD-O code 8903/0

Sites of involvement
More than 90% of F-RM occur in the soft
tissue or mucosal sites of the head and
neck although, rarely, other sites may be
involved {409,485,1064,1620}. "Classic"
F-RM has a predilection for the postau-
ricular soft tissue {485,1064}, and those
with "intermediate" differentiation tend to
occur in soft tissue of face or in mucosal
sites, but both subtypes may occur at
any site in head and neck {1064}. 

Clinical features
The median age is 4 years (range, 3
days-58 years) with a 2.4:1 male pre-
dominance {1064}. In one study, 10/24
cases (42%) were <1 year old, 6 (25%)
were congenital, and 11 (46%) occurred
in patients >15 years of age. 
The median size is 3.0 cm (range 1-12.5
cm). F-RM presents as a well defined
solitary mass involving soft tissue or
mucosa (median duration 8 months,
range 3 days to 19 years) {1064}. Some
cases are associated with naevoid basal
cell syndrome.

Macroscopy
F-RM presents as a solitary, circum-
scribed, soft, gray-white to tan-pink mass
with a glistening cut surface. In mucosal
sites F-RM is polypoid.

Histopathology
F-RM is circumscribed but unencapsulat-
ed. "Classic" immature F-RM is com-
posed of bland primitive spindled cells
associated with delicate fetal myotubules

haphazardly arranged in abundant myx-
oid stroma. "Intermediate" F-RM (also
referred to as "juvenile" or "cellular") dis-
plays a wider spectrum of differentiation
or more advanced maturation between
that of the "classic" F-RM and A-RM {485,
515, 1064, 1155, 1620}. Interlacing large
strap-like striated muscle cells, broad
fascicles of delicate spindled rhabdomy-
oblasts simulating a smooth muscle
tumour, or ganglion-like rhabdomyoblasts
may be seen {1064}. Nuclear atypia and
necrosis are absent in F-RM. Mitoses are
usually absent, but in one study 5/24 F-
RM had had 1-14 mitoses/50HPF {1064}.
The relationship of the latter cases to well
differentiated embryonal rhabdomyosar-
coma is unclear. Lack of prominent
nuclear atypia is the most important crite-
rion separating F-RM from rhab-
domyosarcoma {1064}. 

Immunophenotype
A skeletal muscle immunophenotype is
demonstrated in all cases, with strong
positivity for MSA, myoglobin and

BA
Fig. 6.02 Adult rhabdomyoma. A Vesicular nuclei and prominent round nucleoli are the hallmark of "spider" cells.
B Cytoplasmic immunopositivity for myoglobin.

CB

A

Fig. 6.03 Classic fetal rhabdomyoma. A Tumour is composed of cytologically bland, delicate fetal myotubules.
B Primitive spindle cells in a myxoid stroma. C Occasional delicate rhabdomyoblasts display cross striations.
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desmin {1064}. Focal reactivity may also
be noted for SMA, S100 protein, GFAP,
and vimentin {1064}. Vimentin staining is
variable and often weak. Cytokeratin,
CD68, and EMA are negative {1064}. 

Ultrastructure
Electron microscopy demonstrates thick
and thin myofilaments with Z-bands and
glycogen within cytoplasm of immature
rhabdomyoblasts {485}. 

Genetic susceptibility 
Multiple cases of fetal rhabdomyoma
have been reported in patients with
nevoid basal cell carcinoma syndrome
{818}. This syndrome is caused by muta-
tions in the tumour suppressor gene
PTCH {524,866,1043}. PTCH encodes an
inhibitory receptor in the sonic hedgehog
signaling pathway, and germline muta-
tions often lead to protein truncation and
functional inactivation {2264}. Though
rhabdomyomas have not been specifi-
cally examined, the wild-type allele is
often eliminated by an allelic loss mech-
anism in other tumours found in this syn-
drome {755}. 

Prognostic factors
Complete excision of the mass is the rec-
ommended treatment. In one study, fol-
low-up available in 15 cases (median

duration 49 months, range 2 months-52
years) showed local recurrence in only 1
case, at 3 months after excision, proba-
bly due to incomplete excision {1064}.
None of the tumours metastasized.

Definition
Genital rhabdomyoma (G-RM) is a rare
benign mesenchymal tumour with an
advanced degree of skeletal muscle dif-
ferentiation and a predilection for the
vagina, almost exclusively in middle-
aged women. 

ICD-O code 8905/0

Sites of involvement
Most cases present as polyps in the
vagina, vulva or cervix {322,750,803,
1066,1240,1283,2049}. Rare G-RM have
been described in males in the parates-
ticular region or epididymis {2085, 2225}.

Clinical features
The mean age is 42 years (range 30-48
years) {1066}. The mass may be asymp-
tomatic or known to be present for 4-5
years {1066}. Vaginal RM is a well 

defined, solitary mass with the clinical
appearance of a benign vaginal polyp. 

Macroscopy
The polypoid vaginal mass (median size
2 cm, range 1-3 cm) is covered by
smooth mucosa. A pedicle (0.6-1.5 cm
long) is seen in some cases. 

Histopathology
The polypoid unencapsulated mass is
composed of a haphazard arrangement
of bland, interlacing, broad strap-like or
round striated muscle cells embedded
in a fibrous stroma containing dilated
vascular channels {1066}. The cells
have abundant eosinophilic glycogen-
rich cytoplasm that displays uniform
advanced maturation with cross stria-
tions and longitudinal myofibrils seen in
many cells. One (or more) uniform, cen-
trally located round vesicular nucleus
contains prominent round nucleoli.
Vaginal RM lacks the vacuolated "spider"
cells seen in A-RM, and the prominent
myxoid stroma and primitive spindle
cells or delicate fetal-type rhabdomy-
oblasts seen in "classic" F-RM. They
show more rhabdomyoblastic maturation
than the "classic" F-RM and are analo-
gous to some "intermediate" mucosal F-

Fig. 6.05 Intermediate fetal rhabdomyoma.
Submucosal mass shows broad strap-like rhab-
domyoblasts with abundant eosinophilic cyto-
plasm.

Genital rhabdomyoma

BA

DC
Fig. 6.04 Intermediate fetal rhabdomyoma. A Mucosal lesion showing more advanced rhabdomyoblastic 
maturation than the "classic" type. B Fascicles of spindled rhabdomyoblasts simulating smooth muscle cells. C
Note round ganglion cell-like rhabdomyoblasts. D Cytoplasmic cross striations are highlighted by Masson
trichrome stain.
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RM of the head and neck. However, they
lack the more variable cellular morpho-
logy and architecture of head and neck
"intermediate" F-RM {1066}.

Immunophenotype
The skeletal muscle differentiation of 
G-RM is confirmed in all cases on
immunohistochemical stains which
show diffuse cytoplasmic positivity for

MSA, myoglobin and desmin {1066,
1283, 2049, 2085, 2225}. The SMA,
vimentin, cytokeratin, S-100, GFAP, 
Leu 7, EMA and CD 68 stains are nega-
tive {1066}.

Ultrastructure
Electron microscopy confirms the stria-
ted muscle origin of the striated rhab-
domyoblasts in G-RM {803,1240, 2085}.

Prognostic factors
Local excision is adequate treat-
ment. Follow-up available in four 
vaginal RM in one study (median 
duration 11 years, range 2 to 20 
years) revealed no recurrence after
excision and no evidence of tumour 
at other sites {1066}. G-RM lacks
aggressive behaviour or any malignant
potential.

B CA
Fig. 6.06 Vaginal rhabdomyoma. A Whole mount shows a polypoid configuration and a fibrous stroma. B Medium magnification displays fibrous stroma with dila-
ted vessels and round or strap-like rhabdomyoblasts with abundant eosinophilic cytoplasm. C Cellular details of rhabdomyoblasts.
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Definition
A primitive, malignant soft tissue sarco-
ma that recapitulates the phenotypic
and biological features of embryonic
skeletal muscle. The term embryonal
rhabdomyosarcoma encompasses the
spindle cell, botryoid, and anaplastic
variants.

ICD-O codes
Embryonal rhabdomyosarcoma    8910/3
Spindle cell rhabdomyosarcoma   8912/3
Botryoid rhabdomyosarcoma        8910/3
Anaplastic rhabdomyosarcoma    8910/3

Synonyms
Myosarcoma, malignant rhabdomyoma,
rhabdomyosarcoma, rhabdopoietic
sarcoma, rhabdosarcoma, embryonal
sarcoma.

Epidemiology
Rhabdomyosarcomas comprise the sin-
gle largest category of soft tissue sarco-
mas in children and adolescents, occur-
ring in 4.6/million U.S. children <15
years of age {860}. Embryonal rhab-
domyosarcomas constitute the most
common subtype of rhabdomyosarco-
ma, occurring in 3.0/million U.S. chil-
dren <15 years of age {860}. Children
less than ten years of ages are typically
affected; among patients <15 years of
age, only 17% of embryonal rhab-
domyosarcoma arise in adolescents
{860}. The greatest proportion (46%) of
embryonal rhabdomyosarcomas occur

in children less than 5 years of age. Five
per cent of rhabdomyosarcomas affect
infants {1746}, and a few are congenital
{1011}. Embryonal rhabdomyosarcoma
also constitutes important histological
variant in adults {610, 910}, albeit such
cases are rare.
In the U.S., embryonal rhabdomyosar-
comas show a slight male:female pre-
dominance (1.2:1) {860}. Seventy per
cent of U.S. rhabdomyosarcomas occur
in non-Hispanic whites, compared to
14% in African-Americans, 10% in
Hispanics, and 4.5% in Asians {846},
and incidence rates are higher in whites
{1664}. Incidence figures in Europe
resemble those in the U.S., with a simi-
lar male excess, whereas incidence
rates appear somewhat lower in eastern
and southern Asia {1664}.

Sites of involvement
Although embryonal rhabdomyosarco-
mas contain cells that are histologically
identical to developing striated muscle,
less than 9% arise within the skeletal
musculature of the extremities. The
greatest proportion occur within head
and neck (about 47%), followed by the
genitourinary system (about 28%)
{1550}. Common locations in the geni-
tourinary tract include the urinary blad-
der, prostate, and paratesticular soft tis-
sues. Typical sites of origin in the head
and neck include the soft tissues intrin-
sic to or surrounding the orbit and eye-
lid, oropharynx, parotid, auditory canal

and middle ear, pterygoid fossa,
nasopharynx, nasal passages and
paranasal sinuses, tongue, and cheek.
Besides these two general regions,
embryonal rhabdomyosarcomas occur
in the biliary tract, retroperitoneum,
pelvis, perineum, and abdomen and
have been reported in various visceral
organs, such as the liver, kidney, heart,
and lungs. Embryonal rhabdomyosarco-
mas may involve the soft tissues of the
trunk and appendicular skeleton but
much less frequently than alveolar rhab-
domyosarcomas (see below). Primary
origin in the skin also rarely occurs.
Spindle cell and botryoid variants of
rhabdomyosarcoma involve a relatively
limited repertoire of organs. Spindle cell
rhabdomyosarcomas most commonly
arise in the scrotal soft tissues, with the
remainder mostly involving head and
neck regions {316}. Spindle cell rhab-
domyosarcoma also occurs in adults,
usually in non-paratesticular locations
{1818}. By definition, botryoid rhab-
domyosarcomas must arise beneath a
mucosal epithelial surface, limiting it to
organs such as the urinary bladder, bil-
iary tract, pharynx, conjunctiva, or audi-
tory canal.

Clinical features
Coincident with the diversity of their
anatomic origins, embryonal rhab-
domyosarcomas produce a variety of
clinical symptoms, generally related to
mass effects and obstruction {1829}.

D.M. Parham
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BA
Fig. 6.07  A Large embryonal rhabdomyosarcoma involving the paratesticular soft tissues. The tumour forms a
fleshy, pale tan mass with compression of the adjacent testis (arrows). B Botryoid rhabdomyosarcoma pre-
senting as polypoid mucosal excrescences, obliterating the lumen of the gall bladder.
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Fig. 6.08 Rhabdomyosarcoma. In the centre, a typical
rhabdomyoblast, with an eccentric oval nucleus,
central nucleolus, and eosinophilic cytoplasm.
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Hence, head and neck lesions can
cause proptosis, diplopia, sinusitis, or
unilateral deafness, depending on their
location. Similarly, genitourinary lesions
may produce a scrotal mass or urinary
retention, and biliary tumours may
cause jaundice. Otherwise, the symp-
toms are generally those of a rapidly
growing soft tissue mass.
Imaging studies are primarily used in
delineating the extent of lesions for
staging and prior to definitive surgery.
Computed tomography and magnetic
resonance imaging are most useful for
these purposes, although ultrasonogra-
phy can be used as a screening modal-
ity. Images generally recapitulate those
of an expansile soft tissue mass in vari-
ous organs, with heterogenous signals
reflecting the variable vascularity, myx-

oid stroma, and necrosis. Of particular
note is the striking appearance of botry-
oid lesions, which create a cluster of
tumour nodules of variable size, typical-
ly within hollow viscera such as the uri-
nary bladder or gall bladder.

Aetiology
Embryonal rhabdomyosarcomas may
result from sporadic or inherited muta-
tions, as discussed below. Generally
this occurs as a variation of the
Knudson-Strong two-hit hypothesis,
which theoretically may involve loss of
heterozygosity or aberrant gene methy-
lation as well as DNA mutations.
Malignant transformation of rhabdomy-
omas very rarely causes rhabdomyosar-
coma. Carcinogens causing rhab-
domyosarcomas in humans have not

been identified but have been found in
studies of mice {2124} and zebrafish
{2012}.

Macroscopy
Like most primitive pediatric neoplasms,
embryonal rhabdomyosarcomas form
poorly circumscribed, fleshy, pale tan
masses that directly impinge upon
neighbouring structures. Spindle cell
and botryoid variants display additional
distinctive features. Spindle cell rhab-
domyosarcomas, like other spindle cell
lesions, form firm, fibrous tumours with
tan-yellow, whorled cut surfaces.
Botryoid tumours, as the name implies,
have a characteristic polypoid appear-
ance with clusters of small, sessile or
pendunculated nodules that abut an
epithelial surface.

147Embryonal rhabdomyosarcoma

BA
Fig. 6.09 Embryonal rhabdomyosarcoma. A Numerous rhabdomyoblasts with brightly eosinophilic cytoplasm and occasional multinucleated strap cells. B A compact area
with rhabdomyoblastic differentiation adjacent to an area with loose, mucoid stroma.

BA
Fig. 6.10 Botryoid rhabdomyosarcoma. A A dense layer of tumour cells abuts an epithelial surface and forms a cambium layer. B Squamous epithelium outlines polypoid
masses of tumour cells.
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Histopathology 
Analogous to embryonic skeletal mus-
cle, embryonal rhabdomyosarcomas
are composed of primitive mesenchy-
mal cells in various stages of myogene-
sis, i.e. rhabdomyoblasts. Stellate cells
with lightly amphophilic cytoplasm and
central, oval nuclei represent the most
primitive end of this spectrum. As these
cells differentiate, they progressively
acquire more cytoplasmic eosinophilia
and elongate shapes, manifested in
descriptive terms such as "tadpole",
"strap", and "spider" cell. Bright
eosinophilia, cytoplasmic cross stria-
tions, and multinucleation indicate ter-
minal differentiation, and myotube
forms may be evident. Differentiation
tends to be more evident following
chemotherapy, as differentiated ele-
ments become the predominant cell

population, separated by therapy-
induced necrosis and fibrosis {379}.
The histological architecture of embry-
onal rhabdomyosarcoma also resem-
bles embryonic muscle, which forms
aggregates of myoblasts amid loose,
myxoid mesodermal tissues {1549}.
Similarly, alternating areas of dense,
compact cellularity and loose, myxoid
tissues constitute embryonal rhab-
domyosarcomas. The amount of loose
and dense cellularity varies from case
to case: an abundant, mucoid stroma
containing scattered rhabdomyoblasts
and resembling myxomas predomi-
nates in some examples, and compact
aggregates of densely arrayed spindle
cells form other tumours.
The botryoid variant of embryonal rhab-
domyosarcoma contains linear aggre-
gates of tumour cells that tightly abut an

epithelial surface. This feature, known
as a "cambium layer", typifies these
tumours. Botryoid rhabdomyosarcomas
also contain variable numbers of poly-
poid nodules, often with an abundant,
loose, myxoid stroma that can appear
deceptively benign.
Densely arrayed whorls or fascicles of
spindle cells constitute the spindle cell
variant of embryonal rhabdomyosarco-
ma. These spindle cells often resemble
smooth muscle cells, with blunted cen-
tral nuclei and tapered ends, but cyto-
plasmic cross striations, if present,
and/or bright eosinophilia indicate stri-
ated muscle differentiation, which
should be confirmed by immunohisto-
chemistry. Spindle cell rhabdomyosar-
comas may have a storiform architec-
ture similar to fibrous histiocytoma or a
wavy character like neurofibroma.
The presence of enlarged, atypical
cells with hyperchromatic nuclei
defines the anaplastic variant of rhab-
domyosarcoma {1149}. This feature
may be seen in both embryonal and
alveolar tumours but is more prevalent
in the former. Bizarre, multipolar
mitoses are also often present.
Anaplastic features can be focal or dif-
fuse. Focal anaplasia indicates the
presence of only single, dispersed
anaplastic cells, whereas diffuse
anaplasia indicates the presence of
clone-like clusters of anaplastic cells.

Immunophenotype
Markers of skeletal muscle differentia-
tion typify embryonal rhabdomyosarco-
mas {1653}. The presence of these
markers correlates with the degree of
tumour cell differentiation, as it does in
embryogenesis. Thus, only vimentin is
present in the cytoplasm of the most
primitive cells, and desmin and actin
are acquired by developing rhabdo-
myoblasts. Differentiated cells exhibit
myoglobin, myosin, and creatine kinase
M, markers that correspond to terminal
differentiation. A variety of less com-
monly used muscle markers, such as
titin, dystrophin, and acetylcholine
receptor antigens alsocharacterize
rhabdomyosarcomas. Muscle markers
such as desmin and muscle-specific
actin (HHF-35) are shared by cells with
a myogenic phenotype, including
smooth muscle, cardiac muscle, myofi-
broblasts, myoepithelial cells, peri-
cytes, and some mesothelial cells.

BA
Fig. 6.11 Spindle cell rhabdomyosarcoma. A The fascicular architecture of this paratesticular tumour may
readily be mistaken for other forms of spindle cell sarcoma. B Some tumour cells show nuclear immunopo-
sitivity for myf-4 (myogenin).

BA
Fig. 6.12 A Anaplastic embryonal rhabdomyosarcoma. Some cells contain enlarged, hyperchromatic nuclei. 
B Desmin stain of rhabdomyosarcoma. Scattered tumour cells contain strongly positive cytoplasmic tails.
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Antibodies against MyoD1 and myo-
genin are highly specific and sensitive
for rhabdomyosarcoma and are current-
ly used as standard antibodies for diag-
nosis {321}. However, one must note
that only nuclear staining is specific
and that non-specific cytoplasmic
MyoD positivity is common in heat-
retrieved, paraffin-embedded tissues
{2214}.
Occasional aberrant staining with a 
variety of immunohistochemical mark-
ers has been noted. Aberrantly
expressed markers include cytokeratin,
S100 protein, neurofilaments, and 
B cell proteins such as CD20 and
immunoglobulins {384, 1450, 1709}.
Smooth muscle actin and neuron-spe-
cific enolase staining occurs more fre-
quently (in 10% and 30% of rhab-
domyosarcomas, respectively) {1652,
1653}.

Ultrastructure
Rhabdomyosarcomas exhibit a range of
ultrastructural characteristics corre-
sponding to those of developing striat-
ed muscle, primarily bundles of 5 and
15 nm thick and thin filaments punctu-
ated by abortive Z-bands. Parallel
arrays of 15 nm filaments and ribo-
somes (myosin-ribosome complexes)
comprise the earliest diagnostic stage
{609}. Earlier cells show non-specific
features of primitive mesenchyme, such
as discontinuous basal lamina, phago-
cytosed collagen, and ergastoplasm
{520}. These uncommitted cells may
contain lipid or subplasmalemmal

microfilaments. Leptomeric fibrils may
be seen on occasion.

Genetics
Molecular analyses of polymorphic loci
revealed allelic loss in chromosomal
region 11p15 in most embryonal rhab-
domyosarcomas {1160,1915}. The find-
ing of growth suppression when chro-
mosomal fragments containing the
11p15 region were introduced into
embryonal rhabdomyosarcoma cells
further supports the premise that there
is a tumour suppressor gene within this
region {1152,1278}. Furthermore, inhe-
rited alterations of the 11p15 region
occur in Beckwith-Wiedemann syn-
drome {1251}, a heterogeneous over-
growth syndrome with an increased risk
for development of several cancers,
including embryonal rhabdomyosarco-
ma. Expression studies have indicated
that several 11p15 genes, such as
IGF2, H19, and CDKN1C, are ex-
pressed from one of the two alleles in 
a parent-of-origin specific process
termed imprinting. These combined
findings suggest a model in which an
imprinted tumour suppressor gene is
inactivated during embryonal rhab-
domyosarcoma tumourigenesis by 
allelic loss of the active allele and 
retention of the inactive allele. 
Cytogenetic studies of embryonal rhab-
domyosarcoma have found complex
structural and numerical chromosomal
changes, often including extra copies
of chromosomes 2, 8, and 13 {816,
2210}. Rearrangements of the 1p11-
q11 and 12q13 regions have also 
been noted in a fraction of cases.
Subsequent comparative genomic
hybridization analyses of genome-
wide copy number changes confirmed
chromosomal gains and identified 
several regions of loss, such as chro-
mosome 16, in embryonal rhab-
domyosarcoma subsets {260, 2223}.
These analyses also indicated that
genomic amplification was generally
rare in embryonal rhabdomyosarcoma,
except for its subset with anaplastic
features {259}. Finally, directed analy-
ses of known oncogenes and sup-
pressor genes identified inactivating
mutations of TP53 {648} and CDKN2A
{1009} and activating mutations of RAS
family genes in subsets of embryonal
rhabdomyosarcoma {2041}. These va-
rious genetic alterations may indicate

variable collaborating events that occur
during embryonal rhabdomyosarcoma
tumourigenesis.

Prognostic factors
Prognosis can be determined by stage,
histological classification, age, and site
of origin. Staging is accomplished by
clinical evaluation (IRSG Stage) or 
surgicopathological evaluation (IRSG
Group) {1755}. Younger patients tend 
to have a more favourable prognosis.
Histological classification in paedia-
tric patients predicts outcome inde-
pendent of age, stage, and location,
with embryonal tumours having a 
better prognosis than alveolar tumours
{1755}. Spindle cell and botryoid
variants have a superior outcome as a
group. However, the rare spindle cell
lesions in adults are more aggressive
{1818} and, in fact, histological sub-
type in adults with rhabdomyosarcoma
appears to have no prognostic rele-
vance. Embryonal rhabdomyosarcomas
with diffuse anaplasia may have a
worse outcome than the other subsets
of embryonal rhabdomyosarcoma
{1149}. Parameningeal and extremity
tumours tend to have a bad outcome
compared to other locations, whereas
orbital and paratesticular tumours tend
to have a better one. 
Tumour cell ploidy predicts outcome in
some reports, with hyperdiploid em-
bryonal rhabdomyosarcomas having a
better outcome. However, this phenom-
enon has not been universally con-
firmed and does not appear to be an
independent variable {478,1107,1928}.

Fig. 6.13 Electron micrograph of an uncommitted
mesenchymal cell in rhabdomyosarcoma. There are
no features of myoblastic differentiation. Note the
subplasmalemmal microfilaments (arrows).

Fig. 6.14 Electron microscopic appearance of embry-
onal rhabdomyosarcoma showing well-formed Z-
bands.
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Definition
Alveolar rhabdomyosarcoma is a primi-
tive, malignant, round cell neoplasm that
cytologically resembles lymphoma and
which shows partial skeletal muscle dif-
ferentiation.

ICD-O code 8920/3

Synonyms
Rhabdomyoblastoma, rhabdomyopoietic
sarcoma, monomorphous round cell
rhabdomyosarcoma.

Epidemiology
Alveolar rhabdomyosarcomas occur at
all ages, but they do not show a predilec-
tion for younger children and more often
occur in adolescents and young adults;
very rare cases may be congenital. The
median ages of affected patients was 6.8
and 9.0 years in reports from the
International Society of Pediatric
Oncology (SIOP) {291}, and the
Intergroup Rhabdomyosarcoma Study
(IRS) {1550}. They occur less frequently
than embryonal rhabdomyosarcomas
(21% of rhabdomyosarcomas in the IRS
report; 19% in the SIOP report). The
male:female ratio is approximately even.
No geographic or racial predilection is
reported.

Sites of involvement
Alveolar rhabdomyosarcomas commonly
arise in the extremities, where 39% were
reported in the the Kiel Paediatric
Tumour registry {887}. The Armed Forces
Institute of Pathology series indicates
that there is no favoured site of origin
{596}. Additional sites of involvement
include the paraspinal and the perineal
regions and the paranasal sinuses.
Mixed embryonal/alveolar tumours may
arise in areas favoured by embryonal
rhabdomyosarcomas, such as the uro-
genital tract and orbit, but generally
these are unusual sites of origin {887}. 

Clinical features
Alveolar rhabdomyosarcomas typically
present as rapidly growing extremity

masses. Paranasal lesions may present
with proptosis or cranial nerve deficits.
Perirectal tumours can cause constipa-
tion. Paraspinal lesions can cause nerve
root abnormalities, such as paresthesia,
hypesthesia, or paresis. Imaging is best
accomplished by nuclear magnetic reso-
nance, which reveals an infiltrative,
expansile, soft tissue mass. Rare
tumours present as disseminated lesions
with no obvious primary and resemble
leukaemia {613}. 
Alveolar rhabdomyosarcomas tend to be
high stage lesions at presentation {1158,
1756}.

Macroscopy
Alveolar rhabdomyosarcomas form
expansile, rapidly growing soft tissue
tumours with a fleshy, grey tan quality.
They contain variable amounts of fibrous
tissue.

Histopathology
Three major histological subtypes com-
prise alveolar rhabdomyosarcoma: those
with typical features, those with a solid
pattern, and those with mixed embryonal
and alveolar features {1549}. All alveolar
rhabdomyosarcomas exhibit round cell
cytological features reminiscent of lym-
phomas but with primitive myoblastic dif-
ferentiation. Morphologic features vary,
depending on the presence or absence
of fibrous stroma and embryonal histol-
ogy. Typical alveolar rhabdomyosarco-
mas produce fibrovascular septa that
separate the tumour cells into discrete
nests. These nests contain central clus-
ters of cells with loss of cohesion around
the periphery. Tumour cells align the
septa in a picket fence pattern. Giant
cells with rhabdomyoblastic differentia-
tion are common. Occasional cases
show clear cell morphology and may
mimic clear cell carcinoma or liposarco-
ma.
Solid variant alveolar rhabdomyosarco-
mas lack the fibrovascular stroma and
form sheets of round cells with variable
rhabdomyoblastic differentiation (often
little). Occasional small nests may be
seen, particularly with larger samples.
The cytologic features do not differ from
typical lesions {2138}.
Mixed embryonal / alveolar rhadomyo-
sarcomas contain foci with embryonal
histology, i.e., myxoid stroma and spindle
cell myoblasts as well as areas with alve-
olar histology. The alveolar foci usually
contain nests with fibrous stroma,
although highly cellular solid foci resem-
bling lymphoma may occur.

Immunophenotype
Alveolar rhabdomyosarcomas stain with
antibodies against muscle proteins, as
described under "Embryonal rhab-
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Fig. 6.16 Sagittal section of foot containing alveolar
rhabdomyoasarcoma. An infiltrative, haemorrhagic
mass arises in the soft tissue of the plantar and
metatarsal soft tissues (arrows).
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Fig. 6.15 Nuclear magnetic image of a cranial alve-
olar rhabdomyosarcoma. The expansile lesion
destroys the nasal and paranasal bone and
extends into the orbit and parameningeal tissues
(arrows).
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domyosarcoma" (see above), although
primitive tumours may have focal or lack
positivity. MyoD-related stains, especially
myogenin, typically show a diffuse,
strong nuclear staining pattern {516}.

Genetics 
Cytogenetic analyses demonstrated
recurrent translocations that are consis-
tently and specifically associated with
alveolar rhabdomyosarcoma. A
t(2;13)(q35;q14) was found in the majori-
ty of alveolar rhabdomyosarcoma cases
and a t(1;13)(p36;q14) was noted in a
smaller subset of cases {125}. These
translocations juxtapose the PAX3 or
PAX7 genes on chromosomes 2 and 1,
respectively, with the FKHR gene on
chromosome 13, to generate chimeric
genes which encode PAX3/FKHR and
PAX7/FKHR fusion proteins {127,456,

759}. PAX3 and PAX7 are related mem-
bers of the paired box family of tran-
scription factors whereas FKHR is a
member of the forkhead transcription
factor family. The PAX3/FKHR and
PAX7/FKHR fusion products contain the
PAX3/PAX7 DNA binding domain and the
FKHR transcriptional activation domain,
and function as potent transcriptional
activators {162, 163}. In addition to this
functional change, the translocations
also alter the expression and subcellular
localization of regulatory pathways to
generate high levels of these chimeric
proteins that are constitutively present in
the nucleus {455, 495}. These changes
maximize the ability of these chimeric
proteins to activate downstream tran-
scriptional targets, and are postulated to
exert oncogenic effects by altering con-
trol of proliferation, apoptosis, and differ-

entiation {170,605,1097,1211}
As part of an effort to find other genetic
alterations that collaborate with the gene
fusion events in alveolar rhabdomyosar-
coma tumourigenesis, comparative
genomic hybridization studies of ARMS
cases identified a variety of amplification
events {814}. The most frequent amplifi-
cation events in alveolar rhabdomyosar-
coma, each occurring in roughly one-
third of cases, involve chromosomal
regions 12q13-15 and 2p24. The 12q13-
15 region contains many growth-related
genes such as the GLI, CDK4, and
MDM2, whereas the 2p24 region har-
bours the MYCN oncogene, which is
amplified in several tumour categories,
such as neuroblastoma. Other less fre-
quent amplicons occur at chromosomal
regions 13q31, 2q34-qter, 15q24-26, and
1p36. The PAX7/FKHR fusion gene is

BA
Fig. 6.17  A Typical alveolar rhabdomyosarcoma. Collagenous fibrovascular septa divide mixtures of undifferentiated tumour cells and rhabdomyoblasts into discrete
nests. B Myogenin stain of alveolar rhabdomyosarcoma. Many tumour cell nuclei show strong immunopositivity.

BA
Fig. 6.18  A Solid variant alveolar rhabdomyosarcoma. Sheets of undifferentiated rhabdomyosarcoma cells without fibrovascular septa. Cytogenetic analysis revealed a
t(2;13) translocation, characteristic of alveolar rhabdomyosarcoma. B Mixed alveolar-embryonal rhabdomyosarcoma. A discrete, highly cellular focus of alveolar rhab-
domyosarcoma contrasts with the adjacent loose embryonal histology.
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amplified in the majority of ARMS cases
with the 1;13 translocation in contrast to
the less frequent amplification of the
PAX3/FKHR fusion in alveolar rhab-
domyosarcoma with the 2;13 transloca-
tion {128}.
The subset of alveolar rhabdomyosarco-
mas not displaying a typical PAX/FKHR
gene fusion is genetically heteroge-
neous, with some cases showing alterna-
tive fusions with other genes or unusual
fusion products and some possibly
being true fusion-negative cases {129}.

Prognostic factors
Alveolar rhabdomyosarcomas are high
grade neoplasms that are inherently

more aggressive than embryonal rhab-
domyosarcomas {1755}. Surgicopatholo-
gical staging (IRS grouping) is predictive
of outcome. With mixed embryonal /
alveolar tumours, site may also be pre-
dictive, as described under "Embryonal
rhabdomyosarcoma", although, in gener-
al these mixed lesions behave the same
as the alveolar subtype. Age predicts

outcome of rhabdomyosarcomas in gen-
eral {1200}. Preliminary data indicate that
genetic fusions predict outcome, with
PAX7/FKHR positive tumours behaving in
a more benign fashion than PAX3/FKHR
positive ones {1085}.

Fig. 6.20 Wild-type and fusion products associated with the 2;13 and 1;13 translocations. The paired box,
octapeptide, homeobox and fork head domain are shown as grey boxes. Transcriptional domains (DNA
binding domain - DBD, transcriptional activiation domain - TAD) are indicated as solid horizontal bars. The
translocation fusion point is shown as a vertical dashed line.

Fig. 6.19 1460 Alveolar rhabdomyosarcoma.
Interphase fluorescence in situ hybridization (FISH)
analysis showing amplification of the PAX7/FKHR
fusion gene (juxtaposed red and green signals) by
1;13 translocation breakpoint-flanking probes.
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Definition
Pleomorphic rhabdomyosarcoma is a
high grade sarcoma occurring almost
exclusively in adults and consisting of
bizarre polygonal, round, and spindle
cells which display evidence of skeletal
muscle differentiation. No embryonal or
alveolar component should be identified.

ICD-O code 8901/3

Epidemiology
These lesions occur almost exclusively in
adults, are more common in men and
present at a median age in the 6th decade
{675,746,748,753,1897}.
Exceptional cases may be seen in chil-
dren but their existence has been dispu-
ted {1550}.

Sites of involvement
These tumours usually occur in the deep
soft tissues of the lower extremities but
have been reported in a wide variety of
other locations {37,389,675,746,748,
753,1149,1897}.

Clinical features
Most patients present with a rapidly-
growing painful swelling {748}. On 
imaging, lesions are isointense to skeletal
muscle on T1 weighted images and 

heterogeneous on T2 images. Necrotic
foci are readily identifiable in many cases.

Macroscopy
Tumours are well circumscribed, usually
large (5-15 cm), and often surrounded by
a pseudocapsule. The cut surface is
whitish and firm with variable haemor-
rhage and necrosis.

Histopathology
These are pleomorphic sarcomas com-
posed of undifferentiated round to spin-
dle cells and an admixture of polygonal
cells with densely eosinophilic cytoplasm
in spindle, tadpole, and racquet-like con-
tours. Some observers have classified
adult lesions into "classic" (pleomorphic
rhabdomyoblasts in sheets), "round cell",
and "spindle cell" patterns {748}. Cross
striations are vanishingly rare. The pres-
ence of pleomorphic polygonal rhab-
domyoblasts on routine hematoxylin and
eosin stains coupled with immunohisto-
chemical evidence of at least one skele-
tal muscle-specific marker by immunohis-
tochemistry is required for diagnosis
{675,748,753}.

Immunophenotype
Pleomorphic rhabdomyosarcomas, like
other rhabdomyosarcoma types, express

myoglobin, MyoD1, skeletal muscle myo-
genin, fast (skeletal muscle) myosin, and
desmin. They variably express muscle
specific actin, smooth muscle actin, and
myogenin {517, 675, 746, 748, 753, 1149,
1897, 2251}. Interestingly, myoD1 and
myogenin seem to show more limited pos-
itivity than in paediatric rhabdomyosarco-
mas. They lack epithelial markers and
S100 protein.

Ultrastructure
By ultrastructure, rudimentary sarcomere
formation is the key criterion. Such sar-
comeres consist of Z-bands or irregular
masses of Z-band material with converg-
ing thick (16nm) and thin (8nm) filaments
{748, 1897}.

Genetics
Only six pleomorphic rhabdomyosarcomas
with chromosome aberrations have been
reported. All had highly complex kary-
otypes, and in none of them could a t(1;13)
or t(2;13) translocation be detected {1477}. 

Prognostic factors
The prognosis for these tumours is poor
and reliable prognostic factors have yet to
be developed. In two series with follow-
up, 28/38 patients (74%) died of disease
{748, 753}.

E. Montgomery
F.G. BarrPleomorphic rhabdomyosarcoma

BA
Fig. 6.21  A CT without contrast enhancement of a recurrent pleomorphic rhabdomyosarcoma. The tumour is similar in consistency to the adjacent skeletal muscles. 
B This mass, which displays zones of necrosis, was excised from the thigh of a 56-year-old man. The lesion extended into the pelvis and recurred quickly following the
initial resection.

153Pleomorphic rhabdomyosarcoma
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BA
Fig. 6.22  A Pleomorphic rhabdomyosarcoma composed of intensely eosinophilic polygonal cells. B Note the wide range of cell shapes from round to tadpole-like.

BA
Fig. 6.23 A Pleomorphic rhabdomyosarcoma composed of spindled and polygonal cells. B Bizarre nuclei and abundant cytoplasm are seen in this example of pleo-
morphic rhabdomyosarcoma.

BA
Fig. 6.24  A Strong diffuse desmin expression in pleomorphic rhabdomyosarcoma. B On electron microscopy, rudimentary sarcomere formation is the key criterion.
Such sarcomeres consist of Z-bands or irregular masses of Z-band material with converging thick (16 nm) and thin (8 nm) filaments.
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CHAPTER 7

Vascular Tumours

Benign vascular tumours are very common and most frequently
occur in the skin (see WHO classification of skin tumours). At all
sites, it is often difficult to determine whether benign vascular
lesions are malformations, true neoplasms or, in some cases,
reactive processes. Similarly, it remains essentially impossible
to reliably distinguish blood vessel endothelium from lymphatic
endothelium, which probably reflects the close functional and
embryogenetic relationship between these cell types.

Changes and advances since the 1994 WHO classification
include the characterization of various newly recognized 
entities, particularly in the categories of intermediate maligna-
ncy, including the kaposiform, retiform and composite types of
haemangioendothelioma. Use of the term ‘haemangioendothe-
lioma’ remains problematic since, in the past, this term has been
used variably for benign, intermediate and malignant lesions. In
current practice, the term usually connotes intermediate malig-
nancy, except in the context of epithelioid haemangioendothe-
lioma, the metastatic rate of which is high enough (albeit much
lower than conventional angiosarcoma) to justify its classifica-
tion as malignant.

Angiosarcomas in soft tissue are now more frequently recog-
nized, in large part to the realization that many such tumours
have epithelioid cytomorphology at deep soft tissue locations,
including the pleural and peritoneal cavities.
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Definition
Synovial haemangioma (SH) is a benign
proliferation of blood vessels arising in a
synovium-lined surface, including the
intra-articular space and bursa. Similar
lesions occurring within the tendon
sheath do not fall into this diagnostic ca-
tegory.

Epidemiology
SH is very rare. Most patients are chil-
dren or adolescents and there is a
predilection for males {509}.

Sites of involvement
The most common site by far is the knee,
followed much less commonly by the
elbow and hand.

Clinical features
The tumour presents as a slowly growing
lesion often associated with swelling and

joint effusion {509}. Recurrent pain is a
frequent symptom. In about one third of
cases pain is not a feature. Magnetic res-
onance imaging is the best radiological
technique to identify the lesion particu-
larly with regards to the extent of involve-
ment {835}. 

Aetiology
The presentation of most lesions at a
young age suggests that SH is a form of
vascular malformation. Trauma is unlike-
ly to be of relevance in the pathogenesis.

Macroscopy
Numerous congested, variably dilated
vessels of different calibre can be seen
and the tumour can be fairly circum-
scribed or diffuse.

Histopathology
The tumour often has the appearance of
a cavernous haemangioma with multiple
dilated thin-walled vascular channels. A
smaller percentage of cases have the
appearance of either a capillary or arte-
riovenous haemangioma. The vascular
channels are located underneath the
synovial membrane and are surrounded
by myxoid or fibrotic stroma.
Haemosiderin deposition can be promi-
nent. Secondary villous hyperplasia of
the synovium is present in some cases.

Prognostic factors
Small lesions are usually easy to remove
completely with no risk of local recur-
rence. When more diffuse involvement of
the joint is present, complete excision
can be difficult to achieve.

Definition
Intramuscular angioma (IA) is defined as
a proliferation of benign vascular chan-
nels within skeletal muscle and it is asso-
ciated in most instances with variable
amounts of mature adipose tissue.

ICD-O code 9132/0

Synonyms
Intramuscular haemangioma, intramus-
cular angiolipoma.

Epidemiology
Although relatively uncommon, IA is one
of the most frequent deep-seated soft 
tissue tumours. The age range is wide
but adolescents and young adults are
most commonly affected (in up to 90% of
cases) {44,152,651}. Lesions have often
been present for many years and it is
therefore likely that many examples are
congenital. There is an equal sex inci-
dence.

Sites of involvement
IA most commonly affects the lower limb,
particularly the thigh, followed by the
head and neck, upper limb and trunk.
Rare cases can present in the medi-
astinum and retroperitoneum. 

Synovial haemangioma

Intramuscular angioma

Fig. 7.01 Synovial haemangioma. A mixture of cav-
ernous and capillary vascular channels underlie
the synovium.

Vascular tumours156

Fig. 7.02 Intramuscular haemangioma. A This lesion
was excised from the rectus abdominis muscle of a
young adult female. Note the poorly circumscribed
margins and prominent fatty stroma. B Extensive
replacement of the muscle by dilated vascular chan-
nels with focal thrombosis. Note the prominent
adipocytic component.

A

B
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Clinical features
The typical presentation is that of a slow-
ly growing mass which is often painful,
particularly after exercise. Pain is mainly
present in tumours located in the limbs.
Radiological examination often reveals
the presence of calcification secondary
to phleboliths or metaplastic ossification.

Aetiology
It is likely that these lesions are malforma-
tions and there is no relation to trauma. 

Macroscopy
Tumours are often large and there is dif-
fuse infiltration of the involved muscle.
Variably sized vascular channels with
thrombosis and haemorrhage are usually
readily seen. The appearance of the
tumour can be solid and yellowish as a
result of the presence of adipose tissue.
Lesions also appear solid when capillar-
ies predominate.

Histopathology
IA has been traditionally classified
according to the vessel size into small
(capillary), large (cavernous) and mixed.
This is not practical, however, as most
tumours contain a mixture of vascular
channels frequently including lymphat-
ics. IA usually consists of large thick-
walled veins, a mixture of cavernous-like
vascular spaces and capillaries or a
prominent arteriovenous component.
Tumours purely composed of capillaries
have a predilection for the head and
neck area and those with a predominant
cavernous lymphatic component are
seen mainly on the trunk, proximal upper
limb and head. Variable amounts of
mature adipose tissue are almost always
present and may be very prominent. This 
explains why IA was sometimes known in 
the past as angiolipoma {1264}. Atrophy
of muscle fibres secondary to the infiltra-

tive nature of the tumour often results in
degenerative/reactive sarcolemmal
changes with hyperchromatic nuclei. 

Prognostic factors
The rate of local recurrence is high
(between 30 to 50%) and therefore wide
local excision is recommended. 

Definition
Venous haemangioma (VH) is composed
of veins of variable size, often having
thick muscular walls. Intramuscular
angiomas and angiomatosis can be
composed almost exclusively of veins
but are usually intermixed with other ves-
sel types. These subtypes are described
under their respective headings.

ICD-O code 9122/0

Epidemiology
Pure VHs are rare and mainly present in
adults.

Sites of involvement
Tumours present in the subcutaneous or
deeper soft tissues with predilection for
the limbs.

Clinical features
VH often presents as a long-standing
slowly growing tumour. Radiological
examination often shows the presence of
calcification due to phleboliths.

Aetiology
The clinical evolution and clinicopatho-
logical features suggest that these
lesions represent vascular malforma-
tions.

Macroscopy
VH is ill defined and consists of dilated
congested vascular spaces with areas of
haemorrhage.

Histopathology
VH typically consists of large thick-
walled vessels, which are variably dilat-
ed and commonly display thrombosis
with occasional formation of phleboliths.
Widely dilated vessels can show atte-
nuation of their walls, mimicking a ca-
vernous haemangioma. 
Elastic stains reveal the absence of an
internal elastic lamina. This aids in the
distinction from an arteriovenous hae-
mangioma.

Prognostic factors
Deep-seated tumours are difficult to
excise and can recur locally but subcu-
taneous tumours do not show a tendency
to recur.

B CA
Fig. 7.03 Intramuscular haemangioma. A Predominance of cavernous-like vascular spaces. B Extensive adipocytic component with muscle atrophy. C Entrapped
muscle fibres with hyperchromatic, reactive nuclei.

Venous haemangioma

157Haemangiomas

Fig. 7.04 Venous haemangioma with typically
numerous prominent thick-walled veins.
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Definition
Arteriovenous haemangioma (AVH) is a
non-neoplastic vascular lesion charac-
terized by the presence of arteriove-
nous shunts. There are two distinctive
variants {63,1825}: deep-seated and
cutaneous (cirsoid aneurysm or acral
arteriovenous tumour; see WHO classi-
fication of skin tumours). 
When these lesions involve multiple tis-
sue planes, they are termed angiomato-
sis (see page 161). AVH should not be
confused with juvenile, cutaneous (cel-
lular) haemangiomas as they do not
regress spontaneously.

ICD-O code 9123/0

Synonym
Arteriovenous malformation.

Epidemiology
Deep-seated AVH is uncommon and
affects children and young adults.

Sites of involvement
AVH affects predominantly the head
and neck followed by the limbs.

Clinical features
Angiography is an essential tool to con-
firm the diagnosis and establish the
extent of the disease. Lesions are often
associated with a variable degree of
arteriovenous shunting and this can be
severe enough to induce limb hypertro-
phy, heart failure, and consumption
coagulopathy (Kasabach-Merritt syn-
drome). Pain is also a frequent symptom
and superficial cutaneous changes
mimicking Kaposi sarcoma clinically
and histologically can be seen (pseudo-
Kaposi sarcoma or acroangiodermatitis)
{2046}. The presence of shunting can
be confirmed clinically by auscultation. 

Macroscopy
Tumours are ill defined and contain vari-
able numbers of small and large blood
vessels, many of which are dilated.

Histopathology
This diagnosis always requires clinico-
pathological and radiological correla-
tion. AVH is characterized by large
numbers of vessels of different size,
which include veins and arteries with
the former largely outnumbering the lat-
ter. Areas resembling a cavernous or
capillary haemangioma are frequent, as
are thrombosis and calcification.
Recognition of arteriovenous shunts is
difficult and requires examination of
numerous serial sections. Fibrointi-
mal thickening in veins is a useful 

diagnostic clue.
Elastic stains are helpful in distingui-
shing between arteries and veins.
Negative GLUT-1 staining may facilitate
distinction from juvenile haemangioma
{1582}.

Prognostic factors
Treatment is difficult because of the
degree of involvement, which has to be
determined by angiographic examina-
tion. Local recurrence is common
because of the difficulties in achieving
complete excision.

158 Vascular tumours

CB

A

Fig. 7.05 Arteriovenous haemangioma. A In some cases, cavernous vascular spaces predominate.
B Extensive infiltration of the subcutaneous tissue by large vessels. C An elastic stain is useful to determine
the type of vessels (elastic van Gieson).

Arteriovenous haemangioma
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Definition
A benign vascular tumour with well
formed but often immature vessels, 
the majority of which are lined by
plump, epithelioid (histiocytoid)
endothelial cells with amphophilic 
or eosinophilic cytoplasm and a 
large nucleus with an open chromatin
pattern and central nucleolus.
Subcutaneous examples are usually
associated with a muscular artery. Most
cases have a prominent inflammatory
component.

ICD-O code 9125/0

Synonyms

Angiolymphoid hyperplasia with eosi-
nophilia {314, 661, 1059, 1384, 1612,
1805, 2248}, nodular angioblastic 
hyperplasia with eosinophilia and 
lymphofolliculosis {158}, subcutaneous
angioblastic lymphoid hyperplasia with
eosinophilia {1769} and inflammatory
angiomatoid nodule.

Epidemiology
Epithelioid haemangioma affects a wide
age range, peaking in the third through
fifth decades {661, 1612}. Females
appear to be affected more commonly
than males. 

Sites of involvement
The most frequently affected sites are
the head, especially the forehead,
preauricular area, and scalp (often in
the distribution of the superficial 
temporal artery), and the distal portions
of the extremities, especially the digits
{661,1612}.

Clinical features
The majority of patients present with a
mass of a year or less in duration.
However, some examples have been
reported to be present for as many 
as 15 years before excision {661,1612}.
The process is usually uninodular, 
but multinodularity (generally in con-
tiguous areas) is encountered with
some frequency. Most examples affect

the subcutis, with dermal examples
being less frequent, and deep-seated
cases being rare {661, 1612}. Rare
cases arise from a large vessel. The
most frequent preoperative clinical
impressions are an epidermal cyst or
angioma {1612}.

Aetiology
There remains considerable controversy
as to whether epithelioid haeman-
gioma (angiolymphoid hyperplasia 
with eosinophilia) is a reactive lesion 
or a true neoplasm. Features that lend
support for a reactive process include: 
1) a predilection for superficial soft 
tissue sites that overlie bone and have
minimal soft tissue padding, coupled
with a compelling history of trauma 
in up to 10% of cases {661,1612}, 
2) a tendency for subcutaneous 
examples to be well delineated and
symmetrically organized around a 
larger vessel that may have evi-
dence of damage (e.g., fibro-
intimal proliferation, a disrupted
elastic lamina, or mural disruption), 
3) a pronounced inflammatory reac-
tion, and 4) some morphologic evi-
dence supporting lesional maturation
over time. However, the alternative view 
that this is a true benign neoplasm 
with self-limiting biologic potential 
cannot be dismissed, especially in 
view of the local recurrence rate. 

Macroscopy
These lesions are usually 0.5–2.0 cm in
size, with rare examples exceeding 5
cm {1612}. Apart from size, the gross
characteristics of this process are not
well-described. Many examples may
have a rather nonspecific nodular
appearance. Some examples with
retained blood may have an appear-
ance suggestive of a haemangioma.
Occasionally, subcutaneous examples
may resemble a lymph node because of
circumscription and a peripheral lym-
phoid reaction. 

Histopathology
Subcutaneous examples of epithelioid
haemangioma are characterized by 
a prominent proliferation of small, 
capillary-sized vessels lined by 
plump, epithelioid endothelial cells. 
The vessels typically have an im-
mature appearance and they may lack
a well defined lumen, but they are 
well formed with single cell layering 
of the endothelium and an intact
myopericytic/smooth muscle layer. 
The endothelial cells have amphophilic
or eosinophilic cytoplasm that is 
sometimes vacuolated, and they 
contain a single, relatively large, 
nucleus with an open chromatin 
pattern, and often, a central nucleolus.
The process is usually well demar-
cated from the surrounding soft tissue,
and commonly, it is associated with
(sometimes centred around) a larger
vessel, usually a muscular artery. 
An inflammatory milieu rich in
eosinophils and lymphocytes is 
present in the overwhelming majority of
cases, and many examples are 
bordered by a prominent lymphoid
reaction with follicle formation. It is
common to encounter epithelioid
endothelial cells within the lumen of 
the larger vessel, either replacing 
part of the normal endothelial 
lining or "coating" fibrin fronds, as 
seen in papillary endothelial hyper-
plasia. Cross-sections of the larger 
vessel may also reveal epithelioid 

J.F. FetschEpithelioid haemangioma

Fig. 7.06 Subcutaneous epithelioid haemangioma,
showing circumscription, a peripheral lymphoid
reaction, and symmetrical growth around a 
muscular artery.

159Epithelioid haemangioma
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endothelial-lined channels that trans-
gress the vessel wall and communicate
with the surrounding vascular prolifera-
tion.
Dermal examples of epithelioid hae-
mangioma also feature a proliferation of
small vessels, lined by epithelioid
endothelial cells, set in an inflammatory
milieu rich in lymphocytes and
eosinophils. However, in this location,

the vessels often have a more mature
appearance with a well canalized
lumen, and the endothelial cells are
somewhat less plump, frequently more
cobblestone or hobnail-like in appear-
ance. Also, dermal examples are less 
circumscribed and often lack lymphoid
follicles. Finally, these superficial lesions
are not usually associated with a larger
central vein or muscular artery.

Immunophenotype
The epithelioid endothelial cells of epithe-
lioid haemangioma are immunoreactive
for CD31 and factor VIIIrAg. Immuno-
reactivity for CD34 is also present, though
often to a lesser degree. Infrequently, lim-
ited keratin expression may be detected.
Immunostaining for alpha-smooth muscle
actin or musclespecific actin is helpful in
demonstrating an intact myopericytic
layer around the immature vessels. Actin-
positive myopericytes are generally pres-
ent to a much lesser extent in malignant
vascular tumours such as epithelioid
haemagioendothelioma and epithelioid
angiosarcoma. 

Prognostic factors
Complete local excision and follow-up
are optimal management for epithelioid
haemangioma. Local recurrence is
reported to occur in up to one-third of
patients {1612}. Whether this is due to
persistence of an underlying vascular
anomaly (e.g., an arteriovenous shunt)
that incites regrowth or an indication of
true neoplastic potential is unresolved.
Metastases do not occur. There is one
report of apparent regional lymph node
seeding that had no adverse affect on
patient outcome with 5 years follow-up
{1769}.

160 Vascular tumours
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A

Fig. 7.07 Epithelioid haemangioma. A Involvement of a muscular artery. Note the presence of an intraluminal
component, and the immature, but well formed, vessels around the artery. B,C Immature vessels, lined by epithe-
lioid endothelial cells. Note the presence of an inflammatory infiltrate rich in lymphocytes and eosinophils.

Fig. 7.08 Epithelioid haemangioma. The epithelioid
endothelial cells are strongly reactive for factor
VIIIrAg.
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161Angiomatosis

Definition
Angiomatosis is a diffuse form of haem-
angioma that affects a large segment of
the body in a contiguous fashion, either
by vertical extension, to involve multiple
tissue planes (e.g. skin, subcutis, mus-
cle, bone), or by crossing muscle com-
partments to involve similar tissue types
(e.g. multiple muscles). This definition
implies that the diagnosis is a combined
clinical and pathological one.

Synonyms and historical annotation
Vascular malformation, arteriovenous
malformation, and venous malformation
have been employed as synonyms for
angiomatosis. These earlier terms under-
score the prevailing view that angiomato-
sis probably represents congenital mal-
formations (rather than neoplasms)
which make their appearance during
childhood. The term "infiltrating angi-
olipoma"; used to refer to intramuscular
lesions composed of both a mature vas-
cular and fatty component, has also
been used for angiomatosis.

Epidemiology
Approximately two-thirds of cases devel-
op within the first two decades of life and
nearly all are apparent by age 40 years.

Females are affected with slightly greater
frequency than males {1758}.

Sites of involvement
Over one half of cases occur in the lower
extremities, followed by the chest wall,
abdomen, and upper extremity. 

Clinical features
Patients present with diffuse persistent
swelling of the affected part, which occa-
sionally waxes and wanes in size and is
affected by strenuous activity. Only rarely
is significant arteriovenous shunting
leading to gigantism observed. Plain
films of the affected region show an ill
defined mass which on CT scan can
sometimes be identified as vascular due
to the presence of serpinginous densities
corresponding to tortuous veins.

Macroscopy / Histopathology
The lesions are ill defined masses which
vary from a few centimeters to 10-20 cm.
in diameter. Although they vary in colour,
many may have a fatty appearance, due
to the presence of mature adipose tis-
sue. Angiomatosis may assume one of
two patterns. The more common pattern
is that of a melange of venous, cav-
ernous and capillary-sized vessels scat-

tered haphazardly throughout soft tis-
sue. The venous vessels contain irregu-
larly attenuated walls from which clus-
ters of smaller vessels herniate in bou-
quet-like arrangement. In the second
pattern the lesion resembles an infiltrat-
ing capillary haemangioma. Large
amounts of mature fat frequently accom-
pany both types. Although the first 
pattern is highly characteristic of
angiomatosis, the diagnosis should not
be made on this pattern alone, but on
the combination of these changes in
association with the clinical features
{2240}.
Rare lesions with prominent glomus cells
are classified as glomangiomatosis (see
page 136).

Clinical behaviour
Although angiomatosis is considered a
benign lesion, nearly 90% of cases per-
sist (often mistakenly interpreted as true
local recurrence). In some studies near-
ly 50% of patients develop multiple
recurrences. Metastasis or malignant
transformation has not been reported
{510,978,1758}.
These recurrence rates probably reflect
incomplete excisions in the face of
extensive disease.

S.W. WeissAngiomatosis

BA
Fig. 7.09 Angiomatosis showing (A) clusters of small vessels radiating from a vein. B 1436 Note the diffuse growth pattern.
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Definition
A benign, cavernous / cystic vascular
lesion composed of dilated lymphatic
channels. Lymphangioma circumscrip-
tum and progressive lymphangioma are
described in the WHO classification of
skin tumours.

ICD-O code 9170/0

Synonym Cystic hygroma.

Epidemiology
Lymphangiomas are common paediatric
lesions, which most often present at birth
or during first years of life {47,375,671,
1045}. Some cases may be identified in
Turner syndrome (and other malformative
syndromes) and may be found in abor-
tuses {375}. Cavernous/cystic lymphan-
gioma of head and neck represents the
most frequent subtype. 

Sites of involvement
Cystic lymphangiomas are mostly locat-
ed in the neck, axilla and groin, whereas
the cavernous type occurs additionally in
the oral cavity, upper trunk, limbs and
abdominal sites including mesentery and
retroperitoneum {47}.

Clinical features
The lesions present as rather circum-
scribed painless swellings, which are

soft and fluctuant at palpation, and can
show displacement of surrounding
organs at mediastinal or intraabdominal
sites. Imaging procedures like ultra-
sonography display their cystic nature,
angiography shows poor vascularization
and CT scan reveals multiple, homoge-
neous, nonenhancing areas. 

Aetiology
Early or even congenital appearance in
life and lesional architecture are in favour
of developmental malformations, with
genetic abnormalities playing an addi-
tional role. 

Macroscopy
Cavernous / cystic lymphangiomas cor-
respond to a multicystic or spongy mass,
the cavities of which contain watery to
milky fluid. 

Histopathology
Cavernous/cystic lymphangiomas are
characterized by thin-walled, dilated
lymphatic vessels of different size, which
are lined by a flattened endothelium and
frequently surrounded by lymphocytic
aggregates. The lumina may be either
empty or contain proteinaceous fluid,
lymphocytes and sometimes erythro-
cytes. Larger vessels can be invested
by a smooth muscle layer, and long-
standing lesions reveal interstitial 

fibrosis and stromal inflammation.
Stromal mast cells are common and
haemosiderin deposition is frequently
seen.

Immunophenotype
The endothelium demonstrates variable
expression of FVIII-rAg, CD31 and CD34
{704}.

Ultrastructure
The endothelium of thin-walled vessels
is not enveloped by a basement mem-
brane and no pericytes are attached to
it, thus directly contacting with the inter-
stitium. With increasing caliber the ves-
sels may acquire pericytes and smooth
muscle cells, respectively. 

Genetics
Cystic lymphangiomas (“cystic hygro-
ma") of the neck are often associated
with Turner syndrome {289,339}. 

Prognostic factors
Recurrences are due to incomplete 
surgical removal, whereas malig-
nant transformation does not occur.
Lymphangiomas of the neck/axilla some-
times extend to the mediastinum and
may be of vital significance by compro-
mising trachea, esophagus etc.
Abdominal lesions can lead to intestinal
obstruction.

A. BehamLymphangioma
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B CA
Fig. 7.10 A Cystic lymphangioma, collapsed. The adjacent tube shows the milky lymph removed from the lesion. B Cystic lymphangioma in the lower neck of a fetus with
Turner syndrome. C Large, partly cystic lymphangioma from mesentery and partially covered by adipose tissue.
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B CA
Fig. 7.11 Lymphangioma. A Multiple, cystic or ectatic, thin-walled lymphatic spaces infiltrating skeletal muscle. B Cystic, dilated lymphatic spaces with accompa-
nying stromal lymphocytic aggregates, infiltrating the parotid gland in a sieve-like manner. C Thin-walled spaces of varying diameter, containing lymph and / or lym-
phocytes, and lined by flattened endothelium.

B CA
Fig. 7.12 Cavernous lymphangioma. A Note the prominent smooth muscle in the vessel walls. B There is no endothelial multilayering or atypia. C Note the cyst-like enlarg-
ments of lymphatic vessels.

Definition
Kaposiform haemangioendothelioma is a
locally aggressive, immature vascular
neoplasm, characterized by a predomi-
nant Kaposi sarcoma-like fascicular spin-
dle cell growth pattern.

ICD-O code 9130/1

Synonyms
Kaposi-like infantile haemangioendothe-
lioma {2135}, haemangioma with Kaposi
sarcoma-like features {1554}.

Epidemiology
This is a rare tumour with no known racial
predilection.

Site of involvement
The tumour most commonly occurs in the
retroperitoneum {2135,2352} and the
skin {1300,1554,2204}, but it can also
occur in the head and neck region, medi-
astinum, and deeper soft tissues of the
trunk and extremities {1418,2270,2352}.

Clinical features
Kaposiform haemangioendothelioma
typically occurs in infancy and first
decade of life, but adult cases are
increasingly recognized {1300,1418}.
Retroperitoneal tumours usually present
as abdominal mass, ascites, intestinal
obstruction, and jaundice. Deep soft tis-
sue lesions produce single or multiple

masses and may involve the underlying
bone and rarely regional lymph nodes
(variably interpreted as either local
extension or local metastasis) {1300}.
Cutaneous lesions present as ill defined
violaceous plaques. Consumption coag-
ulopathy (Kasabach-Merritt syndrome)
may complicate the larger tumours due
to activation of clotting pathways within
the tumour vasculature. 

Aetiology
There is no known association with HIV
infection or HHV8.

Macroscopy / Histopathology
Cutaneous lesions appear as ill defined,

W.Y.W. TsangKaposiform haemangioendothelioma
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violaceous plaques. Soft tissue tumours
are greyish to reddish, multi-nodular, and
may coalesce and encase surrounding
structures.
Microscopically, the tumour grows in the
form of infiltrative vague lobules separat-
ed by fibrous septa. It consists predom-
inantly of criss-crossing spindle cell 
fascicles interspersed with capillaries.
The fascicles are curved or straight, and
may be compact with few interspersed

spaces or more loosely arranged, con-
taining slit-like, sieve-like or crescent-
shaped vascular lumens. Nuclear atypia
and mitotic activity are usually incon-
spicuous. Rarely, the spindle cell fasci-
cles may blend with round "glomeruloid"
solid nests of polygonal / epithelioid
endothelial cells which possess abun-
dant eosino-philic cytoplasm. The inter-
spersed capillaries are lined by flat or
plump endothelial cells, and there can

be tumour lo-bules resembling cellular
haemangioma or capillary haeman-
gioma. There are often adjacent foci
resembling lymphangiomatosis. Fibrin
thrombi and fragmented red cells can be
found in the slit-like spaces and the cap-
illaries. There may be haemorrhage,
haemosiderin deposition and rare hya-
line globules. 

Immunophenotype
The spindle cells are usually negative for
Factor VIII-related antigen, but positive
for CD34 and CD31, especially those lin-
ing vascular slits. Muscle-specific actin
highlights variable numbers of spindle
cells, suggesting the presence of peri-
cytes in at least some areas. 

Ultrastructure
Ultrastructural hallmarks of endothelial
cells are poorly developed in the spindle
cells and represented by poorly formed
lumens and discontinuous basal lamina.
Weibel-Palade bodies may be totally
absent.

Prognostic factors
Kaposiform haemangioendothelioma
shows no tendency for spontaneous
regression {1300}. The prognosis varies
with the site and size of the lesion.
Outlook is poor for large tumours occur-
ring in infancy complicated by Kasa-
bach-Merritt syndrome, especially when
occurring in intraabdominal sites.
Lesions in the somatic soft tissue are cur-
able by complete excision, and recur-
rence appears to be rare.
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BA

DC
Fig. 7.13 Kaposiform haemangioendothelioma. A Subcutaneous lesion showing well developed lobular archi-
tecture. B Retroperitoneal lesion in a young infant with destructive infiltration of the pancreas. C Higher mag-
nification shows loosely arranged spindle cells forming vascular slits mixed with some dilated capillaries. 
D Cutaneous kaposiform haemangioendothelioma with irregular, infiltrative tumour growth in the dermis.

B CA
Fig. 7.14 Kaposiform haemangioendothelioma. A The spindle cell fascicles are compact and are interspersed with numerous capillaries. B The spindle cells are bland-
looking. C The spindle cells and capillaries show strong reactivity with CD31.
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Definition
Retiform haemangioendothelioma (RH)
is a locally aggressive, rarely metasta-
sizing vascular lesion, characterized by
distinctive arborizing blood vessels lined
by endothelial cells with characteristic
hobnail morphology. These tumours
appear to be closely related to papillary
intralymphatic angioendothelioma.

ICD-O code 9135/1

Synonym
Hobnail haemangioendothelioma.

Epidemiology
RH is uncommon. Since its original
description in 1994, only 20 cases have
been reported {296,734,1419}. The age
range is wide but it usually affects young
adults with no sex predominance. 

Sites of involvement
The tumour involves predominantly the
skin and subcutaneous tissue and
shows predilection for the distal extremi-
ties, particularly the lower limb.

Clinical features
RH presents as a red/bluish slowly grow-
ing plaque or nodule usually less than 3
cm in maximum dimension. A case with
multiple lesions has been described
{556}. Exceptional cases occur in the
setting of previous radiotherapy or pre-
existing lymphoedema {296}. 

Macroscopy / Histopathology
Macroscopic examination reveals dif-
fuse induration of the dermis with fre-
quent involvement of the underlying 
subcutaneous tissue. Scanning magnifi-
cation reveals characteristic elongated
and narrow arborizing vascular channels
with a striking resemblance to the 
normal rete testis. Although this pattern
is usually readily apparent, if the vascu-
lar channels are small or collapsed, 
then the retiform architecture might be 
difficult to recognize. Monomorphic
hyperchromatic endothelial cells with
prominent protuberant nuclei and char-
acteristic tombstone or hobnail appear-
ance line the blood vessels. These cells 
have scanty cytoplasm, which seems to

blend with the underlying stroma.
Pleomorphism is absent and mitotic fig-
ures are rare. A prominent stromal and
often intravascular lymphocytic infiltrate
is present in around half of the cases.
The stroma surrounding the tumour
tends to be sclerotic. Focal solid areas
composed of sheets of endothelial cells
are often identified. Vacuolated cells are
uncommonly seen. Monomorphic endo-
thelial spindle-shaped cells are also a
rare feature and were described in the
single metastatic lymph node reported
{296}. In some cases there are intra-
vascular papillae with hyaline collage-
nous cores similar to those seen in 
papillary intralymphatic angioendothe-
lioma. Retiform haemangioendothelioma
can be one of the components of a com-
posite haemangioendothelioma (see
page 168).

Immunophenotype
The neoplastic cells in RH stain for 
vascular markers including CD31, CD34
and VWF (von Willebrand factor).
Staining for CD34 is often stronger 
than that of other vascular markers. 
Most of the lymphocytes in the infiltrate
stain for pan-T cell markers including
CD3. Only a minority of the lymphocytes
stain for the B cell marker CD20. The lat-
ter are only found in the stroma sur-
rounding the vascular channels. In gen-
eral experience these lesions are HHV-8
negative.

Prognostic factors
Multiple local recurrences (in up to 60%
of cases), often over a period of many
years, are the rule unless wide local
excision is performed {296}. So far only
one patient has been reported to devel-
op a metastasis to a regional lymph
node. A further patient developed a local
soft tissue metastasis from a primary in
the right big toe {1419}. To date, no
patients have been described to devel-
op distant metastasis or to die from this
disease.

E. CalonjeRetiform haemangioendothelioma

165Retiform hemangioendothelioma

Fig. 7.15 Retiform haemangioendothelioma. Characteristic arborizing channels simulating the rete testis and
with a prominent stromal lymphocytic infiltrate. 
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BA

Fig. 7.16 Retiform haemangioendothelioma. A Focal areas with a more solid growth pattern are frequent. B Typical hobnail endothelial cells with prominent nuclei.
C Vacuolated cells and (D) intraluminal papillae with collagenous cores similar to those seen in Dabska's tumour are seen in some cases.
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Definition
Papillary intralymphatic angioendothe-
lioma (PILA) is a locally aggressive, rarely
metastasizing vascular lesion character-
ized by lymphatic-like channels and pap-
illary endothelial proliferation. These
tumours appear to be closely related to
retiform haemangioendothelioma.

ICD-O code 9135/1

Synonyms
Dabska tumour, malignant endothelial
papillary angioendothelioma, hobnail
haemangioendothelioma.

Epidemiology
PILA is very rare and has predilection
for infants and children. 
Around 25% of cases present in adults
{635}. Sex incidence is similar.

Sites of involvement
Most cases involve the limbs and fewer
cases present on the trunk.

Clinical features
PILAs present as a slowly growing asym-
ptomatic cutaneous plaque or nodule.

Macroscopy
Tumours are ill defined and usually
involve the dermis and subcutaneous
tissue. The vascular nature of the lesion
is not immediately apparent and haem-
orrhage is rare. Cystic spaces can be
identified in some instances. 

Histopathology
If strict diagnostic criteria are used,
tumours can be described as com-
posed of dilated, thin-walled vascular
spaces often resembling a cavernous
lymphangioma {635}. In rare cases the
vascular channels are smaller and more
irregular. Formation of prominent intralu-
minal papillary tufts with hyaline cores
lined by hobnail endothelial cells is a
characteristic finding. 
The endothelial cells lining the spaces
have scant pink cytoplasm and a promi-
nent nucleus with little or no cytological
atypia and a typical hobnail or match-
stick appearance. The hyaline cores
contain basement membrane material
synthesized by tumour cells. A variable
number of lymphocytes are seen within
and around the vascular channels.
Mitotic figures are rare. 

Immunophenotype
Staining for vascular markers in-
cluding CD31, von Willebrand factor
and CD34 is usually positive. The 
finding of strong expression of 
vascular endothelial growth facto
receptor-3 (VEGFR-3) by tumour cells
in lesions with hobnail endothelial cells
has been regarded as suggestive of
lymphatic differentiation {635,704}.
However, the specificity of this marker
as an indicator of lymphatic origin is
doubtful.

Prognostic factors
In the original series, a tendency for
local recurrence and regional lymph
node metastasis was suggested {419}.
Furthermore, at least one of the 
patients in the original series died of
disease. However, follow-up in 8 of 
the 12 cases reported recently re-
ported neither local recurrences nor
metastatic spread {635}. Therefore, 
the issue about the malignant po-
tential of this tumour remains un-
solved pending further studies. It is
advisable to excise lesions widely when
feasible.

E. CalonjePapillary intralymphatic 
angioendothelioma

Fig. 7.17 Papillary intralymphatic angioendothelioma. A Cavernous lymphangioma-like spaces. B Numerous intravascular papillae with collagenous cores. C Note the
characteristic hobnail epithelium.

B CA
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Definition 
Composite haemangioendothelioma is
defined as a locally aggressive, rarely
metastasizing neoplasm with vascular
differentiation, containing an admixture
of histologically benign, intermediate
and malignant components. 

ICD-O code 9130/1

Epidemiology 
Composite haemangioendothelioma is
an extremely rare and recently
described neoplasm with less than 10
cases reported in the English language
literature {1543,1776}. Histologically
similar lesions were previously reported
{373}. The gender distribution is approx-
imately equal and the majority of cases
occur in adults, although a single case
which first developed in infancy has
been described {1776}.

Sites of involvement 
Most cases have shown a predilection
for the distal extremities, especially the
hands and feet, with the exception of a
single case which arose in the tongue. 

Clinical features 
25% of patients with composite hae-
mangioendothelioma have a history of
lymphoedema. Lesions are usually long-
standing (2-12 years) and have a red-
dish-blue, variably nodular appearance. 

Macroscopy 
Composite haemangioendothelioma
presents as an infiltrative, uninodular or
multinodular mass (individual nodules
measure 0.7–6 cm), or as an area of ill
defined "swelling". Some of the lesions
are associated with reddish purple skin
discoloration, suggestive of the diagno-
sis of a vascular neoplasm. 

Histopathology 
Composite haemangioendothelioma is a
poorly circumscribed, infiltrative lesion,
centered in the dermis and subcutis. It
possesses a complex admixture of 
histologically benign and malignant 
vascular components that vary greatly
in their relative proportions. These
lesions are unified by a similar admix-
ture of the different components which
include epithelioid haemangioendothe-

lioma, retiform haemangioendothelioma,
spindle cell haemangioma, "angiosarco-
ma-like" areas, and benign vascular
lesions (arterio-venous malformation,
and lymphangioma circumscriptum).
Another interesting feature, seen in sev-
eral cases, is the presence of large
numbers of vacuolated endothelial cells
which impart a pseudolipoblastic
appearance. The "angiosarcoma-like"
areas are characterized by a low 
grade angiosarcomatous appearance 
composed of complex dissecting 
vascular channels with endothelial 
atypia and relatively few mitotic figures.
The biological significance of such
lesions should be determined in larger
studies. Exceptionally, the "angiosarco-
ma-like" area in a single case had the
appearance of high grade angiosarco-
ma characterized by a solid growth 
pattern and numerous mitotic figures.
The biological potential of lesions such
as the latter remains to be determined
through study of larger case num-
bers. Lesions are positive for vascular 
markers (CD31, CD34, and von
Willebrand Factor). 

B.P. RubinComposite haemangioendothelioma

Fig. 7.18 Composite haemangioendothelioma pre-
senting as a bluish-purple multinodular mass.

Fig. 7.19 Composite haemangioendothelioma. This complex lesion had areas consistent with retiform haeman-
gioendothelioma as well as more solid areas consistent with epithelioid haemangioendothelioma.
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Prognostic factors 
Half of the lesions recurred locally
between 4 and 10 years after excision of
the primary mass, often with multiple

recurrences. In the patient with the
tongue lesion, metastasis occurred to a
submandibular lymph node and to the
soft tissue of the thigh at 9 and 11 years

after excision of the primary, respective-
ly. Thus, the behaviour appears to be
much less aggressive than conventional
angiosarcoma.

BA
Fig. 7.20 Composite haemangioendothelioma. A Typical appearance of the epithelioid haemangioendothelioma component. B Sheets of vacuolated endothelial cells are
not unusual.

BA
Fig. 7.21 Composite haemangioendothelioma. A Several lesions have areas consistent with spindle cell haemangioma. B Areas consistent histologically with well-dif-
ferentiated angiosarcoma.
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Definition
Kaposi sarcoma (KS) is a locally aggres-
sive endothelial tumour that typically
presents with cutaneous lesions in the
form of multiple patches, plaques or nod-
ules but may also involve mucosal sites,
lymph nodes and visceral organs. The
disease is uniformly associated with
human herpes virus 8 (HHV-8) infection.

ICD-O code 9140/3

Synonyms
Idiopathic multiple pigmented sarcoma
of the skin, angiosarcoma multiplex,
granuloma multiplex haemorrhagicum,
Kaposi disease.

Epidemiology
Four different clinical and epidemiologi-
cal forms of KS are recognized: 1. clas-
sic indolent form occurring predominant-
ly in elderly men of Mediterranean/East
European descent, 2. endemic African
KS that occurs in middle-aged adults
and children in Equatorial Africa who are
not HIV infected, 3. iatrogenic KS
appearing in solid organ transplant
recipients treated with immunosuppres-
sive therapy and also in patients treated
by immunosuppressive agents, notably
corticosteroids, for various diseases
{2127}, 4. acquired immunodeficiency
syndrome-associated KS (AIDS KS), the
most aggressive form of the disease,
found in HIV-1 infected individuals, that is
particularly frequent in homo- and bisex-
ual men. The relative risk of acquiring KS
in the latter patients is >10,000 {800}; it

has been reduced with the advent of
highly active antiretroviral therapy
(HAART) {194}.

Aetiology
The long sought-after infectious agent of
KS was identified in 1994 by Chang et al.
and was named KS-associated her-
pesvirus (KSHV) or human herpesvirus
(HHV8) {332, 1505}. The virus is found in
KS cells of all epidemiological-clinical
forms of the disease and is detected in
the peripheral blood before the develop-
ment of KS {763,2258}; the disease itself
is the result of the complex interplay of
HHV8 with immunologic, genetic and
environmental factors {587,1144}.

Sites of involvement
The most typical site of involvement by
KS is the skin. During the course of the
disease or initially, mucosal membranes
(e.g. oral mucosa), lymph nodes and vis-
ceral organs may be affected, some-
times without skin involvement. The
involvement of a wide variety of tissues
and organs has been described {1008},
although KS is very rarely, if ever, seen in
skeletal muscles, brain and kidney. 

Clinical features
Classic type of KS is characterized by
the appearance of purplish, reddish blue
or dark brown macules, plaques and
nodules that may ulcerate. They are par-
ticularly frequent in distal extremities and
may be accompanied by lymphoedema.
The disease is usually indolent, lymph
node and visceral involvement occurs

J. Lamovec
S. KnuutilaKaposi sarcoma

Fig. 7.23 Advanced skin lesions in classic KS.

B CA
Fig. 7.24 Cutaneous Kaposi sarcoma (KS). A Patch lesion. B Plaque stage lesion. C Nodular stage lesion.
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Fig. 7.22 Esophageal and gastric involvement in vis-
ceral Kaposi sarcoma (KS).
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infrequently. Classic KS may be associat-
ed with haematopoetic malignancies.
In the endemic form of KS, the disease
may be localized to skin and shows a
protracted course. A variant of endemic
disease, a lymphadenopathic form in
African children is rapidly progressive
and highly lethal.
Iatrogenic KS is relatively frequent. It
develops in a few months to several
years after the transplantation of solid
organs or immunosuppressive treatment
for a variety of conditions. The disease
may resolve entirely upon withdrawal of
immunosuppressive treatment although
its course is somewhat unpredictable
{2127}. Patients who develop visceral
lesions may succumb to their disease
{1684}.
AIDS-related KS is the most aggressive
type of KS. In the skin, lesions are most
common on the face, genitals, and lower
extremities; oral mucosa, lymph nodes,
gastro-intestinal tract and lungs are fre-
quently involved. Lymph node and vis-
ceral disease without muco-cutaneous
lesions may occur. The disease com-
monly behaves aggressively.
While skin lesions and lymphadenopathy
are obvious signs of the disease in vari-
ous types of KS, the spread into visceral
organs may be silent or symptomatic
depending on the extent and particular
location of the lesions.

Macroscopy
The lesions in the skin (patches, plaques,
nodules) range in size from very small to
several centimeters in diameter. The
involvement of the mucosa, soft tissues,
lymph nodes and visceral organs pres-

ents as haemorrhagic nodules of various
sizes that may coalesce. 

Histopathology
Microscopic features of all four different
epidemiological-clinical types of KS do
not differ. Early lesions of the skin dis-
ease are uncharacteristic and present
with subtle vascular proliferation {1827}.
In patch stage, vascular spaces are
increased in number, of irregular shape,
and may dissect collagen fibres in the
upper reticular dermis. They often run
parallel to the epidermis. The vascular

proliferation is often perivascular and
periadnexal. Endothelial cells lining the
spaces are flattened or more oval, with
little atypia. Pre-existing blood vessels
may protrude into the lumen of new ves-
sels. Admixed are sparse lymphocytes
and plasma cells; frequently, extravasat-
ed erythrocytes and deposits of hemo-
siderin surround the vascular structures.
Slits lined by attenuated endothelial cells
between collagen bundles are also seen.
In some cases, there is a proliferation of
spindle or oval endothelial cells around
pre-existing blood vessels in the dermis.

Type Risk groups Skin lesions--predilection sites Visceral involvement Course

Table 7.01
Epidemiological-clinical types of Kaposi sarcoma.

AIDS-associated Younger, mainly homo- and Face, genitalia, Frequent Aggressive
bisexual HIV-1 infected men lower extremities

Iatrogenic Immunosuppressed patients Lower legs Fairly common Indolent or aggressive
(post-transplant, other diseases)

Endemic Middle-aged men and children Extremities Fairly common – adults Indolent – adults
in Equatorial Africa Frequent – children Aggressive – children

(lymph nodes)

Classic Elderly men of Mediterranean/ Lower legs Rare Indolent
East European descent

BA

DC
Fig. 7.25  A Early lesion (patch stage) in cutaneous Kaposi sarcoma (KS). B More cellular lesion in patch stage
of cutaneous KS. C Marked spindle cell and and vascular proliferation with extravasation of erythrocytes in
early plaque stage. D Nodular KS of the skin; a collar of epidermis surrounds a densely cellular spindle cell
tumour.
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Slit-like spaces, lymphocyte and plasma
cell infiltration and extravasated erythro-
cytes are also observed. 
In plaque stage, all characteristics of
patch stage are exaggerated. There is
more extensive angio-proliferation with
vascular spaces showing jagged out-
lines. Inflammatory infiltrate is denser
and extravascular red cells and
siderophages are numerous. Hyaline
globules (likely representing destroyed
red blood cells) are frequently found. 
Nodular stage is characterized by well
defined nodules of intersecting fascicles
of spindle cells with only mild atypia and
numerous slit-like spaces containing red
cells. Peripherally, there are ectatic blood
vessels. Many spindle cells show

mitoses. Hyaline globules are present
inside and outside the spindle cells.
Some patients, usually with endemic
nodular type KS, develop lesions which
closely resemble lymphangioma.
In lymph nodes, the infiltrate may be uni-
or multifocal and the lymph node may be
entirely effaced by tumour. Early lesions
may be subtle, showing only increased
number of vascular channels accompa-
nied by plasma cell infiltration {1287}. In
visceral organs, the lesions tend to
respect architecture of the organs
involved and spread along vascular
structures, bronchi, portal areas in the
liver, etc., and from these sites they
involve surrounding parenchyma {631,
1008}.

Immunohistochemistry
The lining cells of clearly developed vas-
cular structures are usually positive for
vascular markers, while the spindle cells
consistently show positive reaction for
CD34 and commonly for CD31 but are
factor VIII negative. All cases, irrespec-
tive of epidemiologic subgroup, are HHV-
8 positive. The new marker FLI1, a
nuclear transcription factor, appears to
be expressed in almost 100% of different
vascular tumours, including KS {695}. 

Genetics
Little is known about cytogenetic and
molecular alterations in Kaposi sarcoma,
but growth factors, such as VEGF/VPF
and FGF most probably play an essential
role in transformation {1250,1853}.
Cell lines and primary tumours have
been reported to have chromosome
aberrations {311,1715,1838}, including
gain of 8q and 1q and loss of 3p, and
rearrangements of 7q22, 8p11, 13q11
and 19q13. A comparative genomic
hybridization (CGH) study of seven
cases could not confirm these findings,
but showed recurrent gains at 11q13
{1130}. Further investigation suggested
that the target genes in the amplified
area are FGF4 and FGF3 (a.k.a. INT2).
Also KRAS2 and TP53 rearrangements
were reported {1553,1904}. 

Prognostic factors
The evolution of disease depends on the
epidemiological-clinical type of KS and
on its clinical extent. It is also modified by
treatment that includes surgery, radio-
and chemotherapy. Cases with wide-
spread visceral involvement are com-
monly poorly responsive to treatment.
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BA
Fig. 7.27  A CD34 positive reaction of KS cells in nodular skin disease. B Nuclear immunopositivity for HHV-8 is
a consistent finding in all histologic types and clinical subsets of Kaposi sarcoma.

BA

DC
Fig. 7.26 A Irregular jagged vascular spaces in KS, dissecting collagen fibers of the dermis. B Lymph-
angioma-like lesions are uncommon and morphologically deceptive. Note the accompanying plasma cells.
C Angiomatous component in KS lesion of the skin (plaque stage). D High power view of nodular KS lesion;
several hyaline bodies are seen.
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The Working Group also considered two
other tumours for possible inclusion in
the new WHO classification – polymor-
phous haemangioendothelioma and
giant cell angioblastoma – but decided
that available data are insufficient to
allow definitive classification of these
lesions. Specifically, very few cases have
been reported to date, there are as yet

no clear diagnostic criteria and there 
are uncertainties regarding biological
potential.
Giant cell angioblastoma, of which 4
cases have been reported, arises in soft
tissue of infants, is comprised of nodular
aggregates of histiocytoid cells arranged
around bland angiomatous vessels and
may show persistent growth {808,2193}.

As yet, it is not certain that this is prima-
rily an endothelial tumour. 
Polymorphous haemangioendothelioma,
of which less than ten cases have been
reported, may primarily involve soft tis-
sue or lymph nodes, affects adults, has
complex and worrisome morphologic
features and metastasizes in some cases
{327,1537,1771}.

B.P. Rubin
W.Y.W. Tsang
C.D.M. Fletcher

Other intermediate vascular neoplasms

Definition
Epithelioid haemangioendothelioma is an
angiocentric vascular tumour with
metastatic potential, composed of
epithelioid endothelial cells arranged in
short cords and nests set in a distinctive
myxohyaline stroma.

ICD-O code 9133/3

Synonyms 
Intravascular bronchioloalveolar tumour,
angioglomoid tumour, myxoid angioblas-
tomatosis.

Epidemiology
Epithelioid haemangioendothelioma is a
rare vascular tumour although its precise
incidence has never been determined. 
The lesion occurs in nearly all age
groups with the exception of the early
childhood years and affects the sexes
equally {1407, 2238, 2245}.

Sites of involvement
The tumour develops as a solitary tumour
in either superficial or deep soft tissue of

the extremities. Nearly one half to two-
thirds originate from a vessel, usually a
small vein. In exceptional cases the

lesion may arise from a large vein or
artery in which case it presents as an
entirely intraluminal mass.

S.W. Weiss
J.A. BridgeEpithelioid haemangioendothelioma

Fig. 7.28 Epithelioid haemangioendothelioma involving the lumen of a small vein and extending into adja-
cent tissue. Origin from a vessel is evident in approximately 30% of cases.
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Clinical features
The tumour develops as an often painful
nodule in either superficial or deep soft
tissue. Because of its origin from a vessel
there may be associated symptoms of
oedema or thrombophlebitis. Deeply sit-
uated tumours may be associated with
focal ossification which can be detected
on plain films. Although an association
with oral contraceptives has been raised
with respect to hepatic forms of the dis-
ease, no such association has been doc-
umented with soft tissue variants. 

Macroscopy
In its classic form, epithelioid haeman-
gioendothelioma arises as a fusiform
intravascular mass which may resemble
an organizing thrombus except for the
fact that it appears matted down and
infiltrative of surrounding structures. 

Histopathology
In small or early tumours, the lesion
expands the originating vessel, preser-
ving its architecture as its extends 
centrifugally into soft tissue. The lumen 
is filled with necrotic debris and dense 
collagen. Tumours are composed of
short strands, cords, or solid nests 
of rounded to slightly spindled
eosinophilic endothelial cells which 
have been referred to as "epithelioid" or 
"histiocytoid." These cells display
endothelial differentiation primarily at 
the cellular level as evidenced by 
intracytoplasmic lumina (vacuoles) con-
taining erythrocytes which distort or 

blister their contours. Seldom do they
produce multicellular vascular channels
as may be seen in epithelioid heman-
giomas. The cells appear quite bland
with little or no mitotic activity. The neo-
plastic epithelioid endothelial cells are
embedded in a distinctive, sulfated acid-
rich matrix which varies from a light blue
(chondroid-like) to a deep pink (hyaline)
colour. Metaplastic bone is occasionally
present within large deep lesions and
some cases contain prominent osteo-
clastic giant cells.
Approximately one third of epithelioid
haemangioendotheliomas show atypical
histologic features which confer a more
aggressive course. These include
marked nuclear atypia, mitotic activity
(>1/10 HPF), spindling of the cells, and
necrosis. These features justify the des-
ignation "malignant epithelioid haeman-
gioendothelioma". Some cases represent
a morphological continuum with epithe-
lioid angiosarcoma.

Immunohistochemistry /
Ultrastructure
A variety of vascular antigens can be
identified within epithelioid haeman-
gioendothelioma but CD31, CD34 and
FLI1 are more sensitive and more reliable
markers than von Willebrand factor.
Focal cytokeratin expression is noted in
about 25-30% of cases. By electron
microscopy the neoplastic cells are situ-
ated on a distinct basal lamina, possess
surface-oriented pinocytotic vesicles,
and occasional Weibel-Palade bodies.
They differ from normal endothelium by
the abundance of intermediate (vimentin)
filaments.

Genetics
An identical translocation involving chro-
mosomes 1 and 3 [t(1;3)(p36.3;q25)] has
been reported in two of three cytogeneti-
cally analysed soft tissue epithelioid hae-
mangioendotheliomas, possibly repre-
senting a characteristic rearrangement
for this entity {232,1403}. 

Prognosis and prognostic factors
The behaviour of epithelioid haeman-
gioendothelioma is intermediate
between haemangiomas and conven-
tional (high grade) angiosarcomas,
although the actual mortality figures are
greatly influenced by inclusion of cases
with atypical or malignant features in any
given series. Based on studies which
include both classic and malignant
epithelioid haemangioendotheliomas
{1407,2238,2245} the local recurrence
rate is 10-15%, metastatic rate 20-30%,
and mortality 10-20%. Separate analysis
of classic epithelioid haemangioendothe-
lioma lacking atypical histological fea-
tures has a metastatic rate of 17% and
mortality of 3% {2245}. Atypical morpho-
logical features (described above) corre-
late with an increased risk of metastases.

BA
Fig. 7.29 Epithelioid haemangioendothelioma (A,B). Note the typical strand or cord-like pattern.

Fig. 7.30 Partial G-banded karyotype illustrating the t(1;3)(p36.3;q25) in epithelioid haemangioendothelioma.
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175Epithelioid haemangioendothelioma / Angiosarcoma of soft tissue

Fig. 7.32 Ultrastructure showing a prominent linear
arrangement of pinocytotic vesicles and electron
dense Weibel-Palade bodies.

BA
Fig. 7.31 Epithelioid haemangioendothelioma. Note (A) the myxoid matrix and (B) intracytoplasmic lumina.

Definition
Angiosarcoma is a malignant tumour the
cells of which variably recapitulate the
morphologic and functional features of
normal endothelium.

ICD-O code 9120/3

Synonyms 
Lymphangiosarcoma, haemangiosarco-
ma, haemangioblastoma, malignant hae-
mangioendothelioma, malignant angio-
endothelioma.

Incidence
Angiosarcomas are rare sarcomas the
majority of which develop as cutaneous
tumours sometimes associated with lym-
phedema (see Skin volume). Less than
one quarter present as a deep soft tissue
mass {1387, 2244}.

Epidemiology
Unlike cutaneous angiosarcomas, soft
tissue angiosarcomas are more evenly
distributed throughout the decades with
a peak incidence in the 7th decade.
Angiosarcomas occurring in childhood,
however, are very rare. 

Sites of involvement
Most lesions occur in the deep muscles
of the lower extremities (about 40%) fol-
lowed by the arm, trunk and head and
neck. A significant proportion arise in the
abdominal cavity. Rarely the lesions are
multifocal.

Clinical features
Soft tissue angiosarcomas develop as
enlarging masses which in one third of
patients are also associated with other
symptoms such as coagulopathy,
anaemia, persistent haematoma, or
bruisability. In very young patients high
output cardiac failure from arteriovenous
shunting or even massive haemorrhage
may be observed. About one third of
patients develop these tumours in asso-
ciation with certain pre-existing condi-
tions suggesting several pathogenetic
mechanisms in the development of this
form of angiosarcoma. For example, soft
tissue angiosarcomas have been report-
ed within benign or malignant nerve
sheath tumours associated with neurofi-
bromatosis (NF1), adjacent to synthetic
vascular grafts or other foreign material,
in rare benign haemangiomas, in

patients with Klippel-Trenaunay and
Maffucci syndromes, and following radia-
tion for various types of malignancies. 

Macroscopy / Histopathology
These lesions are multinodular haemor-
rhagic masses that range in size from a
few centimeters to several centimeters in
diameter. They vary in appearance from
spindle to epithelioid neoplasms. Thus,
at one extreme an angiosarcoma may
resemble a fibrosarcoma or Kaposi sar-
coma or at the other extreme an undiffer-
entiated carcinoma. Angiosarcomas with
either one of these extreme appearances
may be very difficult to diagnose on light
microscopy without the benefit of ancil-
lary studies (see below). Generally
angiosarcomas in soft tissue have both
epithelioid and spindled areas with an
emphasis on the former. Epithelioid areas
are made up of large rounded cells of rel-
atively high nuclear grade which are
arranged in sheets, small nests, cords or
rudimentary vascular channels. The
diagnosis of angiosarcoma is suspected
on light microscopy by identifying cells
forming rudimentary vascular channels.
Unlike normal vascular channels, these

S.W. Weiss
J. Lasota
M.M. Miettinen

Angiosarcoma of soft tissue
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neoplastic channels are irregular in
shape, freely intercommunicate with one
another in a sinusoidal fashion, and infil-
trate surrounding tissues in a destructive
fashion. In some areas the vessels may
be lined by a single attenuated layer of
neoplastic endothelium resembling a
haemangioma while in other areas the
vascular channels are lined by a surfeit
of neoplastic endothelium forming intra-
luminal buds, projections or papillae.
Extensive haemorrhage is a characteris-
tic feature of most tumours, and, in the
extreme case, a haemorrhagic soft tissue
angiosarcoma may masquerade as a
chronic haematoma. 
The majority of soft tissue angiosarco-
mas are high grade tumours character-
ized by cells of high nuclear grade dis-
playing mitotic activity. In occasional
cases, however, areas with low grade,
sometimes epithelioid morphology may
be observed. These areas can be noted,

but the overall diagnosis should usually
reflect the diagnosis of a high grade
angiosarcoma. 

Epithelioid angiosarcoma
Epithelioid angiosarcoma is a variant of
angiosarcoma composed predominantly
or exclusively of large rounded "epithe-
lioid" endothelial cells with abundant
amphophilic or eosinophilic cytoplasm
and large vesicular nuclei {681}.
Architecturally the cells are arranged in
the patterns described above. Although
these lesions may occur as cutaneous
tumours, most segregate in deep soft tis-
sue. Many cases express cytokeratin
along with endothelial markers. Their
principal significance is the close mimic-
ry they provide with carcinoma. 

Immunohistochemistry
Immunohistochemistry is an important
adjunctive procedure in the diagnosis of

angiosarcoma, particularly for poorly dif-
ferentiated forms in which vascular chan-
nel formation is difficult to identify.
Angiosarcomas express to a greater or
lesser degree the usual vascular anti-
gens including von Willebrand factor,
CD31, and CD34. Although von
Willebrand factor is the most specific of
the vascular markers, it is also the least
sensitive, often present in only a minority
of angiosarcomas as focal weak staining.
CD31, on the other hand, combines both
relative specificity with excellent sensitiv-
ity and is positive in approximately 90%
of angiosarcomas of all types {477,
2244}. Cytokeratin is present in about
one third of soft tissue angiosarcomas,
particularly in the epithelioid forms,
reflecting the fact that cytokeratin cannot
be used as an absolute discriminant
between angiosarcoma and carcinoma.
Although not regarded as "first line" anti-
gens, in the diagnosis of angiosarcomas,

BA
Fig. 7.33 Angiosarcoma (A,B). Many cases in soft tissue have predominantly epithelioid cytomorphology with variably solid or vasoformative architecture.

BA
Fig. 7.34 Angiosarcoma (A,B). These lesions show more obvious vasoformative growth with complex anastomosing channels.

176 Vascular tumours
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laminin and Type IV collagen can be
detected around neoplastic vascular
channels and, therefore, can been used
to accentuate vascular channel forma-
tion not readily apparent by light
microscopy. Actin likewise identifies per-
icytes which partially invest the vascular
channels in angiosarcomas. In general
experience angiosarcomas are consis-
tently HHV-8 negative.

Ultrastructure
In better differentiated areas of angiosar-
coma, clusters of neoplastic cells sur-
rounded by basal lamina and occasional
pericytes can be identified. The neoplas-
tic cells are joined by junctional attach-
ments and possess abundant intermedi-
ate filaments, sparse to moderate rough
endoplasmic reticulum mitochondria and
Golgi apparatus, and have surface ori-
ented pinocytotic vesicles. Weibel-
Palade bodies, a specific tubular
organelle of normal endothelium, are
only rarely identified {1387}.

Genetics 
Genetic studies of soft tissue angiosar-
comas are scant and limited to isolated
cases.
Almost all reported angiosarcoma 
karyotypes have shown complex cytoge-
netic aberrations {320,787,929,1120,
1489,1896,2293,2349}. The only excep-
tion is a karyotype obtained from
angiosarcoma arising in cavernous 
haemangioma, showing trisomy 5 and
loss of the Y as the sole cytogenetic
abnormalities {1321}. No consistent,
recurring chromosomal abnormality has
yet been identified. However, some cyto-
genetic changes reported in tumours

from different locations revealed simi-
larities. Among the most common
changes were gains of 5pter-p11, 8p12-
qter, 20pter-q12 and losses of 4p, 7p15-
pter, -Y and abnormalities involving 22q
{320, 787, 929, 1120, 1321, 1896, 2293,
2349}.
Flow cytometric DNA studies have
shown diploid, tetraploid and aneuploid
patterns {521, 614, 739}. No significant
correlation between clinical outcome and
DNA ploidy pattern has been reported
{521,614,739}.
Association between exposure to thorium
dioxide or vinyl chloride and develop-
ment of liver angiosarcoma is well
known. Specific KRAS2 and TP53 muta-
tions were identified in these tumours
{963, 1330,1331,1527,1734,1981,2129}.
Similar KRAS2 and TP53 mutations were

also reported in sporadic skin / soft tis-
sue and parenchymal angiosarcomas
{1527,1734,1981,2344}. An alteration of
the TP53 / MDM2 pathway with elevated
expression of TP53 and MDM2 proteins
was documented in 60% of angiosarco-
mas {2344}. 

Prognostic factors
Soft tissue angiosarcomas are highly
aggressive tumours. Local recurrences
develop in about one fifth of patients and
one half may be expected to die within
the first year after diagnosis with
metastatic disease in the lung followed
by lymph node, bone, and soft tissue.
The features which have been statistical-
ly correlated with poor outcome include
older age, retroperitoneal location, large
size, and high Ki-67 values {1387}.

Fig. 7.36 High grade angiosarcoma with epithelioid
features showing an ill-formed vessel lined by plump
endothelial cells and containing erythrocytes.

Fig. 7.35 Angiosarcoma (A,B). Note endothelial papillae and the dissecting growth pattern.

A

B
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CHAPTER 8

Chondro-Osseous Tumours

In the current classification, only soft tissue chondroma and
extraskeletal osteosarcoma are retained under this heading.
Myositis ossificans and fibro-osseous pseudotumour are now
regarded as variants of nodular fasciitis (see Chapter 3) and
fibrodysplasia ossificans progressiva appears to be a non-neo-
plastic process. Extraskeletal myxoid chondrosarcoma, despite
its name, is now realized to show little evidence of cartilaginous
differentiation and has therefore been provisionally placed in the
Miscellaneous category. 

In contrast to its more common osseous counterpart, (see page
264), extraskeletal osteosarcoma is a rare tumour occurring
mainly in adults and a significant subset of these lesions arise at
the site of prior irradiation. The prognosis is much worse than
that for primary osteosarcoma of bone, in part due to differences
in delivery of (and response to) chemotherapy. 
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Soft tissue chondroma S. Nayler
S. Heim

Definition
Soft tissue chondromas are benign soft
tissue tumours occurring in extra-
osseous and extra-synovial locations,
predominantly composed of adult type
hyaline cartilage, devoid of other differ-
entiated elements, except osseous,
fibrous and / or myxoid stroma.

ICD-O code 9220/0

Synonyms (Variants)
Extraskeletal chondroma (fibrochondro-
ma, myxochondroma, osteochondro-
ma), chondroma of soft parts.

Epidemiology
The majority of patients are middle-
aged, with the reported age range from
infancy {762} to 79 years {351, 428,
982}. There is a slight male predomi-
nance {351, 428}.

Sites of involvement
The majority of tumours (~64%) occur in
the region of the fingers {351}. The
remainder of cases occur in the hands,
toes and feet, with origin in the trunk,
head and neck region {1056} being
extremely uncommon. Rare examples
have been described in the skin {57,
218}, upper aero-digestive tract {1040,
1244,2211}, dura {281} and, exception-
ally, the fallopian tube {2005}. 

Clinical features 
Most tumours are solitary and present as
painless lumps arising in the vicinity of
tendons and joints. By definition they are
not attached to intraarticular synovium
or periosteum. Radiologically they are
well demarcated, lobulated neoplasms
with central and peripheral calcifica-
tions, often curvilinear in nature
{120,2347}. Diagnosis can be made on
magnetic resonance imaging {2294}.

Macroscopy
Grossly soft tissue chondromas are well
circumscribed, lobulated neoplasms.
They exhibit a cartilaginous cut surface,
although myxoid areas and cystic

change may be noted. They rarely
exceed 20 to 30 mm in maximal diameter.

Histopathology
Microscopically typical chondromas are
composed of lobules of mature, adult
hyaline cartilage {1087}. Chondrocytic
cells are identified in lacunae, often grow-
ing in clusters. When these cells are

numerous this variant may be labelled a
chondroblastic chondroma {1255}.
Prominent fibrosis warrants a designation
of fibrochondroma, whilst those tumours
with prominent ossification or myxoid
change may be classified as osteochon-
dromas {1780} or myxochondromas,
respectively {2241}. A chondroblastoma-
like variant has also been described

180 Chondro-osseous tumours

Fig. 8.01  A Typical low power appearance showing the circumscribed lobulated growth pattern. B Soft tissue
chondroma, consisting of lobules of mature hyaline cartilage.

B

A
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{315,1012}. One-third of cases may
demonstrate extensive calcification,
which may mask the cartilaginous
appearance of the tumour, particularly in
the centre of the tumour lobules. Typical
chondroblastic areas are usually dis-
cernible at the periphery of the lobules in
such cases. Rare tumours may have
abundant myxoid matrix with plump
immature cells resembling a myxoid
chondrosarcoma; however, typical chon-
droblastic areas are discernible in the
periphery of the tumour lobules. Up to 15
percent of cases may show an adjacent
granuloma-like reaction {2314} with
peripherally situated epithelioid and 
multinucleated giant cells, surrounding
each lobule. 
The individual cells are usually small and

normochromic. Some tumours cells may
be variable in size and shape, with promi-
nent nuclear hyperchromasia and nucle-
omegaly. Sparse mitoses may be seen,
but abnormal mitotic figures are never
observed.

Immunophenotype
As with normal cartilaginous cells, the
cells of soft tissue chondromas are posi-
tive with S100 protein {2314}.

Ultrastructure
Electron microscopy shows typical fea-
tures of cartilage cells, with abundant
rough endoplasmic reticulum, free ribo-
somes and short irregular microvillous
processes surrounded by aggregates of
calcium crystals {351}.

Genetics
Only four soft tissue chondromas 
have shown clonal chromosomal 
abnormalities {266, 437, 1316, 2105},
and there is no indication of a non-
random, let alone specific, aberration
pattern.

Prognostic features
Extraskeletal chondromas are be-
nign tumours, although 15 to 20 
percent may recur locally {351}. 
In most instances local excision 
is curative {351,428,1775}. Trans-
formation to chondrosarcoma, although
not uncommon with osseous and 
synovial cartilaginous tumours, has not
been described in extraskeletal
chondromas.

BA
Fig. 8.02  A Soft tissue chondroma, mature cartilage wells showing mild variation in size and shape. B Soft tissue chondroma, calcified variant, with calcium deposits sur-
rounding cartilage cells.

BA
Fig. 8.03 Soft tissue chondroma. A Intralesional ossification is quite often seen. B Some cases, especially those which are classified, show a striking histiocytic reaction
at the periphery.
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Definition
Extraskeletal osteosarcoma (EO) is a
malignant mesenchymal tumour of soft
tissue composed of neoplastic cells that
recapitulate the phenotype of osteo-
blasts and synthesize bone. Some EOs
also contain cellular elements that differ-
entiate along chondroblastic and fibrob-
lastic cell lines. Accordingly, all EOs con-
tain neoplastic bone but may also have
cartilaginous and fibroblastic compo-
nents. By definition, no other lines of dif-
ferentiation are evident.

ICD-O code 9180/3

Synonym
Soft tissue osteosarcoma.

Epidemiology
Extraskeletal osteosarcoma is a rare neo-
plasm that accounts for 1-2% of all soft
tissue sarcomas and approximately 2-
4% of all osteosarcomas {119,1284,
1994}. It typically arises during mid and
late adulthood with most patients in the
5th-7th decades of life at the time of
diagnosis. Males are affected more fre-
quently than females at a ratio of 1.9:1
{119,355,663,1231,1257,1284,1994}.

Sites of involvement
The majority of EOs arise in the deep soft
tissues and fewer than 10% are superfi-
cial, originating in the dermis or subcutis.
The single most common location is the
thigh (approximately 50% of cases);
other frequent sites include the buttock,

shoulder girdle, trunk, and retroperi-
toneum {119,355,663,1231,1257,1284,1
994}.

Clinical features 
Most patients present with a progressive-
ly enlarging mass that maybe associated
with pain. Plain radiographs, CT and MRI
usually reveal a large deep-seated soft
tissue mass with variable mineralization.
By definition these tumours do not arise
from bone, but may secondarily involve
the periosteum, cortex or medullary
canal.

Aetiology
The majority of EOs develops de novo
but up to 10% are associated with previ-
ous radiation or well-documented trau-
ma. Radiation-induced EO usually devel-
ops at least 4 years following radiation for
another malignancy {355, 1231, 1257,
1994}.

Macroscopy
Extraskeletal osteosarcomas range in
size from 1-50 cm (mean 8-10 cm) and
are circumscribed, tan-white, haemor-
rhagic and focally necrotic gritty masses.
The tumour bone is frequently most
prominent in the centre of the lesion. In a
small number of cases (less than 10%)
they exhibit extensive haemorrhagic cys-
tic change. 

Histopathology
All of the major subtypes of osteosarco-
ma that arise in bone may be seen in EO.
The most common is the osteoblastic
variant, followed by the fibroblastic,
chondroid, telangiectatic, small cell, and
well differentiated types {119, 355, 663,
1231, 1257, 1284, 1994, 2322}. The
tumour cells are spindle or polyhedral
cells that are cytologically atypical, are
mitotically active and frequently demon-
strate atypical mitotic figures. Common
to all variants is the presence of neoplas-
tic bone, intimately associated with
tumour cells, which may be deposited in
a lacy, trabecular or sheet-like pattern.
The bone is usually most prominent in the

centre of the tumour with the more
densely cellular areas located in the
periphery a pattern that is the reverse of
myositis ossificans (see page 52). In the
osteoblastic variant, the tumour cells
resemble malignant osteoblasts and
bone matrix is abundant. Spindle cells
arranged in a herringbone or storiform
patterncharacterize the fibroblastic sub-
type and malignant cartilage predomi-
nates in the chondroid variant.
Telangiectatic EOs contain numerous
large blood filled spaces lined by malig-
nant cells. Sheets of small round cells
that mimic Ewing sarcoma or lymphoma
are typical of the small cell variant. The
extremely rare well differentiated subtype
contains abundant bone deposited in
well formed trabeculae, surrounded by a
minimally atypical spindle cell compo-
nent similar to parosteal osteosarcoma.

Immunophenotype
Several studies indicate that the
immunophenotype of EO is similar to
osteosarcoma arising in bone {632, 640,
893, 1257}. EOs are uniformly positive for
vimentin, 68% express smooth muscle
actin, 25% desmin, 20% S100 protein
(including cells in non-cartilaginous
areas), 52% EMA, 8% keratin, and 0%
PLAP {893, 1257}. Osteocalcin is theoret-
ically the most specific antigen for EOs
and it is expressed in the malignant cells
and matrix in 82% and 75% of cases,
respectively {632}. CD99 is expressed in
all types of osteosarcoma.

A.E. Rosenberg
S. HeimExtraskeletal osteosarcoma

Fig. 8.04 Plain X-ray showing large mineralized mass
in posterior thigh.

Fig. 8.05 EO composed of white gritty centre with
surrounding soft tan tissue.
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Ultrastructure
The neoplastic cells of EO vary in
appearance. The cells and nuclei are
usually large with irregular contours and
the cytoplasm contains rough endoplas-
mic reticulum that may be dilated, as well
as a well-developed Golgi complex and
filaments {1766}. Desmosomes or tight
junctions are rare or absent. Collagen
predominates in the extracellular space
and electron dense crystals of hydrox-

yapetite are present in areas of bone
deposition.

Genetics
Only three cases with clonal chromoso-
mal aberrations have been reported. In
two tumours {1319, 1425}, highly com-
plex aberration patterns were seen,
whereas the third {1485} had a moder-
ately hyperdiploid karyotype with rela-
tively few chromosomal abnormalities.

So far, therefore, nothing indicates that
systematic genetic differences exist
between osteosarcomas of bone and
soft tissues.

Prognostic factors
Extraskeletal osteosarcoma has a very
poor prognosis and approximately 75%
of patients die of disease within 5 years
of diagnosis {119, 355, 663, 1231, 1257,
1284, 1994}. Morphologic features pur-
ported to be associated with a better
outcome include small size (<5 cm), 
histological subtype (fibroblastic, chon-
droblastic) and diminished proliferative
activity as measured by Ki-67 index
{119, 355, 1231, 1257}. However, the
utility of these prognostic factors has not
been confirmed in independent studies.
The well differentiated variant may
behave in a more indolent fashion; how-
ever, too few cases have been reported
to draw definitive conclusions regarding
their biologic potential.

DC

BA

Fig. 8.06 Extraskeletal osteosarcoma. A Fibroblastic variant. Fascicles of malignant spindle cells surround a small amount of neoplastic bone. B Osteoblastic variant con-
sisting of cytologically malignant cells associated with lace-like tumour bone. Note numerous mitoses. C Chondroblastic variant. Cellular malignant hyaline cartilage
merging peripherally with tumour bone. D Small cell variant composed of sheets of malignant small round cells associated lace-like tumour bone and small islands of
neoplastic cartilage.

BA
Fig. 8.07 A Well differentiated extraskeletal osteosarcoma with abundant trabeculae of woven bone, sur-
rounded by a bland spindle cell component. B Tumour cells and stromal osteoid show immunoreactivity for
osteocalcin (ABC method).

183Extraskeletal osteosarcoma
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CHAPTER 9

Tumours of Uncertain Differentiation

In the past, tumours in this category were often labelled as being
of ‘uncertain histogenesis’. However, a histogenetic concept for
mesenchymal neoplasms is no longer regarded as tenable and
there is little or no evidence that connective tissue tumours arise
from their normal cellular counterparts. Instead we now think in
terms of line of differentiation, which is determined by patterns
of gene expression. For tumours in this category, in most cases
we have no clear idea as to the line of differentiation (or normal
cellular counterpart) that these lesions are recapitulating.
Conversely, in some cases (e.g., mixed tumour, synovial sarco-
ma and clear cell sarcoma), we can identify a line of differentia-
tion but we are unable to define a cellular counterpart in normal
mesenchymal tissues. 

Principal changes and advances in the category since the 1994
WHO classification are the addition of several newly-recognized
entities, including pleomorphic hyalinizing angiectatic tumour,
mixed tumour / myoepithelioma in soft tissue and PEComa, as
well as the allocation of the angiomatoid fibrous histiocytoma
and extraskeletal myxoid chondrosarcoma to this category. As
the occurrence of divergent differentiation in a variety of other
sarcoma types has become better defined, the category of
malignant mesenchymoma seems gradually to be disappearing.

Extraskeletal Ewing sarcoma / peripheral primitive neuroecto-
dermal tumour, now acknowledged to be a single definable enti-
ty with a variable degree of neuronal differentiation, is described
in the Bone section of this volume. 
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Definition
Intramuscular myxoma is a benign soft
tissue tumour characterized by bland
spindle shaped cells embedded in hypo-
vascular, abundantly myxoid stroma.
Intramuscular myxomas may have areas
of hypercellularity and increased vascu-
larity ("cellular myxoma"). Mazabraud
syndrome is the combination of intra-
muscular myxoma(s) and skeletal fibrous
dysplasia.

ICD-O code 8840/0

Epidemiology
Intramuscular myxoma has a predilection
for females and most patients are 40 to
70 years of age at the time of diagnosis.

Sites of involvement
The most frequent sites affected are the
large muscles of the thigh, shoulder, but-
tocks and upper arm.

Clinical features
Patients usually complain of a painless
soft tissue mass. Angiographic studies
reveal a poorly vascularized tumour
{1119}. Magnetic resonance imaging
studies show that the tumour is bright on
T2-weighted images and has low signal
intensity relative to skeletal muscle on
T1-weighted images {1171,1900}.

Macroscopy
Grossly, the tumours have a gelatinous,
lobulated cut surface. They can measure
up to 20 cm {904}, however most
tumours are between 5 and 10 cm in
greatest diameter. Although intra-
muscular myxomas may appear well
circumscribed, closer inspection often
reveals ill defined borders with the
tumour merging with the surrounding
skeletal muscle. Fluid filled cystic
spaces may be present.

Histopathology
The classic intramuscular myxoma is
composed of uniform and cytologically
bland spindle and stellate shaped cells
with tapering eosinophilic cytoplasm and
small nuclei {591,1448}. The cells are
separated by abundant myxoid extracel-
lular stroma containing very sparse cap-
illary sized blood vessels. The stroma
may be vacuolated and may show cystic
change. In some areas a fibrous capsule
may surround the tumour. Sections from
the interface of the tumour and the sur-
rounding skeletal muscle frequently
shows infiltration between muscle fibres
or around individual skeletal muscle
cells, which may be atrophic. Areas of
increased cellularity are present in many
intramuscular myxomas and they can
occupy 10 to 90% of the tumour {1562,
2182}. Increased number of cells, and
more numerous collagen fibres and
blood vessels characterize these areas
and, if this pattern predominates, then

Intramuscular myxoma G. Nielsen
G. Stenman

Fig. 9.01 Intramuscular myxoma. MRI reveals a well-
circumscribed, hyperintense tumour (*) adjacent to
the tibia.

Fig. 9.03 X-ray from a patient with Mazabraud syn-
drome. AP view of the entire femur and pelvis
shows multifocal lytic lesions with thin sclerotic
margins involving the wing of the ilium, the acetab-
ulum, the pubis and the femur which shows "shep-
herd’s crook deformity".

Fig. 9.02 Intramuscular myxoma showing a gela-
tinous mass with internal septa. The tumour appears
well-circumscribed, but closer inspections shows
some infiltration of the surrounding skeletal muscle.

186 Tumours of uncertain differentiation

Fig. 9.04 Intramuscular myxoma. EM shows predom-
inantly fibroblastic differentiation; the cells have
abundant dilated rough endoplasmic reticulum and
occassional intracytoplasmic lipid droplets (L).
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the term ‘cellular myxoma’ may be used
{2182}. Mitoses, pleomorphism, hyper-
chromasia or necrosis are not present even
in the most cellular areas {1562, 2182}. The
vessels in these hypercellular regions are
capillary sized but occasional thick walled
vessels with smooth muscle in their walls
are also present.

Immunophenotype
Immunohistochemically the cells stain for
vimentin and show variable staining for
CD34, desmin and actin. There is no stain-
ing for S100 protein. 

Ultrastructure
The tumour cells have the features of
fibroblasts or myofibroblasts with promi-
nent secretory activity. The cells contain
well-developed dilated rough endoplasmic
reticulum, Golgi complexes, free ribo-
somes, pinocytotic vesicles and occasion-
al filaments. Also seen are more primitive
appearing mesenchymal cells and histio-
cyte-like cells. Intracytoplasmic lipid
droplets can be seen {904}.

Genetics
The only published case with abnormal
karyotype displayed a hyperdiploid clone
with trisomy 18 as the sole anomaly {1389}.
Molecular genetic analysis has shown that
point mutations of the GNAS1 gene (a.k.a.
Gsα)  seem to be common in intramuscular
myxomas {1605}. Mutations in codon 211
(Arg -> His and Arg -> Cys) were detected
in five of six intramuscular myxomas with
(Mazabraud syndrome) and without
fibrous dysplasia of bone {630}. GNAS1
encodes the a-subunit of the guanine
nucleotide binding protein, i.e. the G-pro-
tein that stimulates the formation of cAMP.
Activating GNAS1 mutations in codon 211
have previously also been found in certain
endocrine tumours {2328}, McCune-
Albright syndrome {1903}, as well as in iso-
lated fibrous dysplasia of bone {1935}. 

Prognostic factors
Conventional intramuscular myxoma is
usually a non-recurrent tumour. The cellular
variant has a small risk of local non-
destructive recurrence {2182}.

187Intramuscular myxoma

DC
Fig. 9.05 A Intramuscular myxoma. At the periphery, the tumour infiltrates the surrounding skeletal muscle.
B Intramuscular myxoma. Typically, bland spindle cells are separated by abundant extracellular myxoid
matrix. C Intramuscular myxoma. The extracellular matrix in intramuscular myxoma may show prominent
frothy appearance, mimicking lipoblasts. D Cellular myxoma. The cells within the cellular area are bland and
do not demonstrate cytological atypia, mitoses or pleomorphism (same case as Fig. 9.06).

Fig. 9.06 Cellular myxoma. Classic intramuscular myxoma (left) merging with cellular myxoma (right). The for-
mer is hypocellular and hypovascular whereas the latter demonstrates increased cellularity and vascularity.

BA
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Definition
Juxta-articular myxoma is a rare, benign
soft tissue tumour that usually arises in
the vicinity of a large joint, has histologi-
cal features resembling a cellular myxo-
ma, and is frequently associated with
ganglion-like cystic changes.

ICD-O code 8840/0

Synonyms
Some lesions described in the literature
as parameniscal cyst, periarticular myxo-
ma, cystic myxomatous tumour around
the knee, meniscal cyst and myxoid
lesion associated with ganglion cysts
probably represent examples of juxta-
articular myxoma {41}.

Epidemiology
In the largest series the patients ranged
in age from 16 to 83 years (median 43
years) {1394}; a tumour arising in a 9-
year-old girl has also been reported
{446}.

Sites of involvement
The majority of lesions (88%) occur in the
vicinity of the knee joint. Other locations
include the elbow region, shoulder
region, ankle and hip.

Clinical features
The patients present with a swelling or a
mass that can be painful or tender. The
duration of symptoms ranges from weeks
to years. Radiographic studies show a
soft tissue mass that has similar imaging
characteristics as intramuscular myxoma
{1121}. However, the presence of
haemosiderin or fibrous tissue within the
lesion might suggest the possibility of
pigmented villonodular synovitis or a low
grade sarcoma {446}.

Macroscopy
The tumour is myxoid, slimy and gelati-
nous, frequently with cystic areas. The
tumours range in size from 0.6 to 12 cm
(mean 3.8 cm; median 3.5 cm). 

Histopathology
Histologically, it is reminiscent of the cel-
lular form of intramuscular myxoma and
is composed of bland appearing spindle
cells embedded in a hypovascular myx-
oid stroma. Although areas of increased
cellularity are often present, mitotic fig-
ures are absent or very rare. Cystic, gan-
glion-like spaces, are seen in 89% of
cases. These cystic spaces are lined by
a layer of delicate fibrin or thicker layer
of collagen. The periphery of the tumour 

is ill defined and infiltrates adjacent tis-
sues. Areas of haemorrhage, haemo-
siderin deposition, chronic inflammation,
organizing fibrin and fibroblastic reac-
tion may be seen, especially in recurrent
tumours.

Immunophenotype
Same as intramuscular myxoma.

Ultrastructure
Same as intramuscular myxoma.

Genetics
Clonal chromosome abnormalities have
been reported in a single case of juxta-
articular myxoma {1908}. The tumour
contained two unrelated clones distin-
guished by an inv(2)(p15q36) and +7,
t(8;22)(q11-12;q12-13), respectively.
Juxta-articular myxomas lack mutations
of the GNAS1 gene, in contrast to intra-
muscular myxomas {1604}. 

Prognostic factors
In the series by Meis and Enzinger
{1394} 10 of 29 (34%) tumours locally
recurred: five recurred once, two
recurred twice, two recurred three times
and one recurred four times. Malignant
transformation has not been reported.

G. Nielsen
G. StenmanJuxta-articular myxoma

B CA
Fig. 9.07 Juxtaarticular myxoma. A MRI of a tumour located adjacent to the knee joint, showing a homogeneous bright signal, similar to intramuscular myxoma. 
B A cystic area filled with myxoid material is surrounded by more cellular proliferation. The cystic, ganglion like space, is lined by an eosinophilic layer of fibrin. C Note
the bland appearance of the spindle cells.
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Definition
A soft tissue neoplasm with a predilec-
tion for pelvic and perineal regions and a
tendency for local recurrence. It is com-
posed of small stellate and spindle cells
in a myxoedematous stroma with en-
trapped regional structures. 

ICD-O code 8841/0

Epidemiology
Deep ‘aggressive’ angiomyxoma has a
strong predilection for adult females in
the third through sixth decades of life
with a peak incidence in the fourth
decade {330, 656, 826}. Elderly or post-
menopausal women are only rarely
affected, and the diagnosis should be
viewed with suspicion in prepubertal
girls. One purported example has been
reported in an 11-year-old female, but
the illustrations are more consistent with
a superficial angiomyxoma {2260}. The
tumour has also been described rarely in
males with a median age at presentation
in the sixth decade {367,1000,2136}. 

Sites of involvement
Pelvicoperineal, inguinoscrotal, and
retroperitoneal regions. 

Clinical features
Most patients with deep ‘aggressive’
angiomyxoma present with a slow-grow-
ing mass in the pelvicoperineal region
that is either asymptomatic or associated
with regional pain, dyspareunia, or a
pressure-like sensation {656}. The true

tumour size is often significantly under-
estimated by physical examination with
the most common clinical impressions
being a Bartholin gland cyst, vaginal
cyst, hernia or lipoma. Because the bulk
of the tumour is often concealed within
the deep soft tissues and the process
generally does not cause rectal, urethral,
vaginal, or vascular obstruction, the
majority of examples are quite large at
the time of resection. 
The imaging characteristics of this
tumour are well described {1629}. CT
demonstrates a hypoattenuating or isoat-
tenuating mass that tends to grow

around pelvic floor structures, usually
without causing significant disruption of
the vaginal or rectal musculature. A high
signal intensity is noted with T2-weighted
MR images. Both T2-weighted MR and
enhanced CT images also frequently
demonstrate a swirled or layered internal
structure. These techniques are invalu-
able for assessing tumour extent and
determining the best surgical approach. 

Macroscopy
Gross examination usually reveals a
large mass, often greater than 10 cm and
sometimes larger than 20 cm {656,

J.F. Fetsch
G. StenmanDeep ‘aggressive’ angiomyxoma
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Fig. 9.08 Deep ‘aggressive’ angiomyxoma with whitish
surface showing fibrous bands in a myxoid matrix.

Fig. 9.09 Deep ‘aggressive’ angiomyxoma. Note low cellularity, hyalinized vessels, and uniform small stellate
and spindle cells.

BA
Fig. 9.10 Deep ‘aggressive’ angiomyxoma. A Small tumour cells without nuclear atypia, scattered in a fibromyx-
oid background. B Aggressive angiomyxoma with myoid cells in close proximity to vessels.
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2024}. Small tumours under 5 cm in size
are less frequent. The lesions frequently
have a lobular contour with adherence to
fat, muscle, and other regional struc-
tures. A soft, firm, or rubbery consistency
may be present, and a glistening, myx-
ooedematous, pink or reddish-tan cut
surface is usually evident. Cystic change
has occasionally been noted.

Histopathology
The tumours are of low to moderate cel-
lularity and are composed of relatively
uniform, small, stellate and spindled
cells, set in a loosely collagenous, myx-
oedematous matrix with scattered ves-
sels of varying caliber and entrapped
regional structures. The tumour cells
have scant, pale, eosinophilic cytoplasm
with poorly defined borders and relative-
ly bland nuclei with an open chromatin
pattern and a single, small, centrally
located nucleolus. Multinucleated cells
may rarely be observed. Mitotic figures
are infrequent. A characteristic finding
that is seen in most cases is the pres-
ence of loosely organized islands of well-
developed myoid (myofibroblastic or true
smooth muscle) cells around the larger

nerve segments and vessels. Although
the tumour name implies abundant myx-
oid matrix, these neoplasms are usually
only weakly positive for mucosub-
stances, a finding that suggests oedema
fluid is a major component of the noncol-
lagenous stroma.

Immunophenotype
The tumour cells of deep ‘aggressive’
angiomyxoma usually show diffuse
immunoreactive for vimentin, moderate
to diffuse (nuclear) immunoreactivity for
oestrogen and progesterone receptor
protein, and variable levels of immunore-
activity for actins and CD34 {656,826,
1369}. Desmin positivity can be identified
in almost all cases. Immunoreactivity for
S100 protein is absent. 

Ultrastructure
Ultrastructural evaluation has revealed
cells with fibroblastic, myofibroblastic,
and smooth muscle features {150, 1965,
2024}.

Genetics
Cytogenetic studies have revealed clon-
al chromosome abnormalities in five

cases of deep ‘aggressive’ angiomyxo-
ma, all affecting the female genital tract
{1081, 1586}. Four tumours had abnor-
malities involving chromosome 12,
including one case with monosomy 12
and three cases with structural
rearrangements of 12q13-15. Molecular
analyses of two of the cases with
rearrangement of 12q13-15 identified
HMGIC (a.k.a. HMGA2) as the target
gene {1081,1586}. In one case the
rearrangement resulted in a fusion gene
in which the first three exons of HMGIC
were fused to ectopic sequences
derived from a novel gene in 12p11.2
and in the other case the translocation
breakpoint was located 3’ of the gene
leading to deregulation of HMGIC
expression.

Prognostic factors
Deep ‘aggressive’ angiomyxoma has a
local recurrence rate of approximately
30% {150, 330, 656, 826, 2024}, and
such recurrences are usually controlled
by a single re-excision. Thus, these
tumours are less aggressive than was
originally believed. These lesions have
no metastatic potential.

B CA
Fig. 9.11 Deep ‘aggressive’ angiomyxoma. Desmin (A) and smooth muscle actin (B) immunoreactivity in the myoid element. C Nuclear immunoreactivity for oestro-
gen receptor protein.
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Definition
Pleomorphic hyalinizing angiectatic
tumour of soft parts (PHAT) is a non-
metastasising tumour of uncertain line-
age, characterized by clusters of ectatic,
fibrin-lined, thin-walled vessels, which
are surrounded by a mitotically inert,
spindled, pleomorphic neoplastic stroma
containing a variable inflammatory com-
ponent.

Synonyms 
There are no recognized synonyms for
this distinctive lesion. Prior to the original
description of this lesion in 1996 {1972}
these lesions were undoubtedly misdiag-
nosed as schwannomas because of the
ectatic vessels or as so-called malignant
fibrous histiocytoma because of the
degree of atypia. 

Epidemiology
PHAT is characteristically a tumour aris-
ing in adults without gender predilection.

Sites of involvement
Over half of the cases arise in the subcu-
taneous tissues of the lower extremity,
but may also occur in the subcutis of the

chest wall, buttock and arm. Only a
minority develop in deep soft tissues and
none to date have been reported in body
cavities.

Clinical features
These tumours arise as slowly growing
masses which have been present for
several years before coming to medical
attention. Clinically they are diagnosed
as haematomas, Kaposi sarcoma or a
variety of benign lesions.

Macroscopy / Histopathology
The tumours are lobulated infiltrating
masses which vary from white-tan to
maroon in colour. They are characterized
by clusters of thin-walled ectatic vessels
scattered throughout a sheet-like prolif-
eration of spindle cells. The vessels,
which range in size from small micro-
scopic structures to macroscopic ones,
tend to occur in distinct clusters. They
are lined by endothelium which is lifted
off the vessel wall by a subjacent coat of
thick amorphous hyaline material which
is largely fibrin. This material extends
through the vessel wall into the sur-
rounding stroma entrapping the neo-

plastic cells and resulting in areas of
stromal hyalinization. Organising throm-
bus is frequently present within the ves-
sels. The stromal cells are plump spin-
dled and rounded cells with hyperchro-
matic pleomorphic nuclei often contain-
ing intranuclear cytoplasmic inclusions.
Despite the level of atypia, mitotic activ-
ity is usually scant (<1 mitosis/50 HPF).
A variable component of mast cells, lym-
phocytes, plasma cells and eosinophils
may infiltrate the tumours. Psammoma
bodies are occasionally present. 
These tumours consistently express
vimentin and occasionally CD34. Some
cases show epithelial membrane anti-
gen positivity. Notably they do not
express S100 protein, making that anti-
gen important in their distinction from
schwannoma. Other antigens such as
actin, desmin, cytokeratin, von
Willebrand factor, and CD31 are also
negative.

Clinical behaviour
About 50% of these tumours recur local-
ly, but metastasis has not been record-
ed. Generally recurrences are non
destructive in their growth.

S.W. WeissPleomorphic hyalinizing angiectatic
tumour of soft parts

Fig. 9.12 Pleomorphic hyalinizing angiectatic tumour of soft parts. A Note the dilated vessels and solidly cellular areas. B Vessels show marked fibrinoid change in their
walls. C Spindle cell component shows pleomorphic cells with intranuclear inclusions..

B CA

191Pleomorphic hyalinizing angiectatic tumour of soft parts

bb5_14.qxd  13.9.2006  11:04  Page 191



Definition
Ectopic hamartomatous thymoma is a
benign tumour of the lower neck showing
an admixture of spindle cells, epithelial
islands and adipose cells suggesting
branchial pouch origin.

ICD-O code 8587/0

Sites of involvement
The tumour occurs exclusively in the super-
ficial or deep soft tissues of the supracla-
vicular, suprasternal or presternal region
{83,328,615,660,935,1442,1806,1834,2341}.

Clinical features
The tumour affects adults with a median
age of 43 years and marked male
predilection (male to female ratio 8:1)
{328,935,2341}. The patients present
with a long-standing mass lesion. 

Macroscopy
The well circumscribed tumour usually
measures a few cm in diameter, but
some tumours can be much larger. It
shows grey-white to yellowish solid cut
surfaces which may be punctuated by
small cysts.

Histopathology
The tumour shows haphazard blending
of spindle cells, epithelial islands and
adipocytes, which are present in highly
variable proportions. The spindle cells
exhibit fascicular or lattice-like growth,
and possess bland-looking elongated
nuclei with pointed ends and light-stain-
ing cytoplasm. Some spindle cells can
have a myoid appearance due to the
presence of eosinophilic cytoplasm. The
epithelial component takes the form of
squamous islands, syringoma-like
tubules, anastomosing networks, simple 

J.K.C. ChanEctopic hamartomatous thymoma

BA
Fig. 9.13 Ectopic hamartomatous thymoma. A Haphazard blending of spindle cells, epithelial islands and adipose cells. Some cysts are also seen. B The epithelium some-
times takes the form of glandular structures. Note the presence of intermingled adipose cells.

BA
Fig. 9.14 Ectopic hamartomatous thymoma. A The spindle cells commonly exhibit lattice-like growth, reminiscent of atrophic thymus. B Characteristically elongated
strands of epithelium merge into spindle cells. The epithelium commonly shows squamous differentiation.
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glandular structures and cysts. The
epithelial islands are surrounded by a
fibrous sheath or merge imperceptibly
into the spindle cells. 

Immunophenotype
Both the epithelial and spindle cell com-
ponents stain diffusely and strongly for
cytokeratin, in particular high molecular
weight cytokeratin, indicating that the
spindle cells are epithelial in nature. In
some cases, a proportion of the spindle
cells are immunoreactive for myoid mark-
ers such as actin or myoglobin, but not
desmin {83,1442,1834,2341}. Staining
for CD34 remarkably highlights the
smaller stromal cells between the fasci-
cles of spindle cells as well as some
spindle cells.

Ultrastructure
The spindle cells exhibit tonofilaments
and desmosomes. 

Prognostic factors 
This benign lesion does not recur after
excision. In the rare examples reported
to show malignant change, there has not
been recurrence or metastasis {1442}.
Such cases focally feature closely
packed glands lined by highly atypical
cells, but there is no frank invasion
beyond the parent tumour.

Fig. 9.15 Ectopic hamartomatous thymoma. A The spindle cells form compact fascicles. The nuclei are bland-
looking, often with pointed ends. Some cells have deeply eosinophilic cytoplasm, suggestive of a myoid pheno-
type. B Immunostaining for cytokeratin highlights both the epithelial strands and the spindle cells. The
immunonegative smaller stromal cells in between are strongly positive for CD34 (not shown).

A

B
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Definition
Angiomatoid fibrous histiocytoma (AFH)
generally affects children and young
adults. It has a partially myoid phenotype
and low metastatic potential. This tumour
should not be confused with, and is not
identical to, aneurysmal fibrous histiocy-
toma of skin.

ICD-O code 8836/1

Synonym
Angiomatoid malignant fibrous histiocy-
toma.

Epidemiology
Originally described by Enzinger in 1979
{593}, AFH comprises 5% of tumours
designated as "malignant fibrous histio-
cytoma" and approximately 0.3% of all
soft tissue tumours. Although AFH has a
wide age range from birth {81} to 71
years old {638}, it is predominantly a
tumour of children and young adults, with
a mean age of 20 years. In larger series,
there is a slight female predilection {404,
638}, whereas other series show a male
predominance {593,1700}.

Sites of involvement
The extremities are the most common
site for AFH, followed by the trunk and

head and neck. Sixty-six percent of
lesions {638} occur in areas where nor-
mal lymph nodes may be found, i.e. ante-
cubital fossa, popliteal fossa, axilla,
inguinal area, supraclavicular fossa, and
anterior and posterior neck. 

Clinical features
AFH is mainly a slow-growing tumour of
the deep dermis and subcutis and may
often simulate a haematoma. Some
patients report antecedent trauma to the
area; pain is generally not a symptom.
Occasional associated systemic signs of
fever, anaemia, and weight loss suggest
cytokine production by the tumour, simi-
lar to haematopoietic tumours such as
fibroblastic reticulum cell sarcoma {59},
another suggestion of the possible rela-
tionship of AFH to this entity. MRI of AFH
may reveal fluid-fluid levels, indicating
haemorrhage, similar to that seen for
aneurysmal bone cyst {1522}. 

Macroscopy
The median size for AFH is 2.0 centime-
ters, range 0.7 to 12.0 centimeters {404,
593,638}. Its firm consistency and cir-
cumscribed, tan-grey appearance
grossly resembles a lymph node. On cut
surface, it is often multinodular with
blood-filled cystic spaces and a red-

brown appearance, denoting haemo-
siderin, occasionally simulating a
haematoma or cystic haemorrhage with-
in a lymph node. 

Histopathology
The four key morphologic features of
AFH may be found in varying propor-
tions: (1) a multinodular proliferation of
eosinophilic, histiocytoid or myoid cells,
(2) pseudoangiomatoid spaces, (3) a
thick fibrous pseudocapsule, and (4) a
pericapsular lymphoplasmacytic infil-
trate. The latter three features may vari-
ably be absent or not apparent on the
submitted histologic sections. Always
present are the spindled or epithelioid

J.C. Fanburg-Smith
P. Dal CinAngiomatoid fibrous histiocytoma

Fig. 9.16 Angiomatoid fibrous histiocytoma. The
macroscopic appearance resembles haematoma or
haemorrhage within a lymph node.

BA
Fig. 9.17 Angiomatoid fibrous histiocytoma. A Low magnification microscopic appearance of the tumour shown in Fig. 9.16, showing cystic dilation, partially filled with
blood and surrounded by lymphoid tissue. B Another example demonstrating typical morphological features: fibrohistiocytic and lymphoid proliferation, angiomatoid blood
filled cystic spaces, and pseudocapsule all simulating a tumour within a lymph node.
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cells, generally uniform with ovoid vesic-
ular nuclei and often arranged in nod-
ules. The pseudoangiomatoid spaces
are not lined by endothelium but rather
are cystic spaces within the tumour, filled
with blood. The lymphoplasmacytic infil-
trate and occasional germinal centre for-
mation make this tumour simulate a
lymph node tumour histologically; how-
ever, the infiltrate is often outside of the
pseudocapsule and subcapsular sinus-
es or hilar lymphatics of a lymph node
are absent in AFH. Cannon-ball-like
growth pattern and myxoid change is
sometimes observed. Cellular pleomor-
phism and increased mitotic activity may
be identified, particularly in the spindled
tumours, but does not correlate with out-
come {404}.

Immunophenotype
AFH is positive for desmin in 50% of
cases, often also with scattered desmin
positive cells within the lymphoid 
proliferation {403,638,674,898,1971}.

Approximately 40% of cases show EMA
positivity and many examples show stain-
ing for CD68. Yet strong evidence for histi-
ocytic, smooth muscle or skeletal muscle
phenotype are absent. Half of the cases
may be positive for the nonspecific marker
CD99 {638,898}. The tumour cells are uni-
formly negative for other reticulum cell
tumour markers (CD21, CD35), S100 pro-
tein, HMB-45, keratins, CD34, and vascu-
lar-specific markers (CD31, Factor VIIIrag). 

Ultrastructure 
Published ultrastructural data have been
conflicting and inconclusive with regard
to the line of differentiation in tumour
cells, perhaps in part due to sampling
error.

Genetics
Only one angiomatoid MFH with chromo-
some aberrations has so far been report-
ed {2222}. Complex rearrangements
involving chromosomes 2, 12, 16 and 17,
as well as a del(11)(q24) were observed.
Further molecular investigation revealed
that the FUS (a.k.a. TLS) gene, mapping
to chromosome band 16p11, was fused
with the ATF1 gene, located in band
12q13. The translocation thus generates
a chimeric FUS/ATF1 protein, similar to
the EWS/ATF1 chimeric protein seen in
clear cell sarcomas with a t(12;22)
(q13;q12).

Prognostic factors
AFH has overall indolent behaviour with
2-11% local recurrences {404, 638} and
less than 1% metastases, generally non-
fatal to regional lymph nodes {638} and
rare deaths due to late distant metas-
tases {403, 404, 593, 1700}. While local
recurrence may be higher with infiltrating
margins, location on the head and neck,
and deep intramuscular location {404},
there are no known clinical, morphologi-
cal, or genetic factors that predict
metastasis. Wide local excision is the
treatment of choice for primary tumours
{404, 638}.

BA
Fig. 9.18 Angiomatoid fibrous histiocytoma. Fibrohistiocytic (myofibroblastic) proliferation with (A) spindled or
(B) epithelioid morphology.

BA

DC
Fig. 9.19 Angiomatoid fibrous histiocytoma. A Pseudoangiomatoid blood-filled cystic spaces without
endothelial lining. B Fibrous pseudocapsule surrounds lymphoplasmacytic and fibrohistiocytic (myofibrob-
lastic) components and the absence of subcapsular sinus or hilar lymphatics are evidence against a true
lymph node process. C Occasional cannon ball-like growth pattern of myofibroblastic cells with myxoid
change. D Desmin immunoreactivity is seen in approximately half of cases.
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Definition 
Ossifying fibromyxoid tumour is a rare
neoplasm of uncertain lineage, with
cords and trabeculae of ovoid cells
embedded in a fibromyxoid matrix, often
surrounded by a partial shell of lamellar
bone. Occasionally, this lesion may
acquire a malignant phenotype.

ICD-O codes 
Ossifying fibromyxoid tumour 8842/0
Ossifying fibromyxoid tumour 
(malignant)     8842/3

Epidemiology 
Males (64%) are affected more frequent-
ly than females. Lesions tend to occur in
adults with patient age ranging from 14-
79 years with a median age of 50 years. 

Sites of involvement 
Approximately 70% of cases arise in the
extremities {602}. Other sites of involve-
ment include the trunk, head and neck,
oral cavity, mediastinum, and retroperi-
toneum {602,1513,2111}.

Clinical features 
Most patients present with a small, pain-
less, subcutaneous mass, often attached
to the underlying tendons, fascia, or
skeletal muscle. Lesions are usually of
longstanding duration and have been
present from 1 to 20 or more years (medi-
an 4 years). Radiological studies charac-
teristically, but not invariably reveal a well
circumscribed, lobulated mass, with
irregular calcifications within the mass,
surrounded by an incomplete ring of cal-
cification {602,1873}. Erosion of underly-
ing bone and periosteal reaction has also
been noted in some cases {602,1873}.

Macroscopy 
Most lesions range from 3-5 cm in great-
est dimension with a median size of
about 4 cm. Occasional examples are
large, measuring up to 17 cm or larger
{602}. Ossifying fibromyxoid tumours are
well circumscribed, nodular or multin-
odular, and typically covered by a thick
fibrous pseudocapsule with or without a

shell of bone. On cut section, they are
white to tan in colour, and either firm,
hard, or rubbery in texture. 

Histopathology 
Ossifying fibromyxoid tumour is com-
posed of lobules of uniform, round to
fusiform-shaped cells arranged in nests

and cords, and set in a variably fibromyx-
oid stroma. Approximately 80% of lesions
are surrounded by an incomplete shell of
metaplastic (hypocellular) lamellar bone,
while the other 20% of cases lack a shell
of bone (non-ossifying variant) {602,
1444,1894,2273}. The neoplastic cells
are monomorphous with round-to-ovoid

B.P. Rubin
G. StenmanOssifying fibromyxoid tumour

Fig. 9.20 Ossifying fibromyxoid tumour. A This lesion is partially surrounded by lamellar bone and partially by a
thickened fibrous pseudocapsule. B Anastomosing cords of cells set in a myxoid matrix.

A

B
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nuclei and inconspicuous nucleoli, and a
scant amount of eosinophilic cytoplasm.
Mitotic activity is usually less than 1 per
10 high power fields. The stroma is quite
variable and can be predominantly myx-
oid (alcian blue positive, hyaluronidase
sensitive) or collagenous/hyalinized with
a prominent vasculature which can
exhibit perivascular hyalinization.
Calcifications and/or nodules of meta-
plastic cartilage are occasionally identi-
fied.
Rare examples of ossifying fibromyxoid
tumour are hypercellular and/or have
increased numbers of mitotic figures and
deposition of tumour osteoid by neoplas-
tic cells randomly, or more frequently,
within the centre of the lesions. One such
case showed features reminiscent of
osteosarcoma {602}. These lesions have
been termed "atypical" or "malignant" (for
those tumours that metastasise) {1104}.
Furthermore, these "atypical" or "malig-
nant" ossifying fibromyxoid tumours tend
to have a much less complete shell of
bone than conventional examples.

Immunophenotype 
Ossifying fibromyxoid tumours (including
atypical and malignant examples) are
typically positive for vimentin and S100
protein (70%), often show desmin posi-
tivity and may also express Leu-7, neu-
ron-specific enolase, glial fibrillary acidic
protein and smooth muscle actin (rare)

{602, 669, 1104, 1444, 1894, 2273,
2319}. Rare cases show focal keratin
positivity.

Ultrastructure 
The cytoplasm contains prominent rough
endoplasmic reticulum, often with cister-
nal dilatations, moderate numbers of
mitochondria, and numerous microfila-
ments, often clustered in the perinuclear
area {533, 669, 1444}. Ribosome-lamel-
lar complexes have also been described
{669}. Many cells have a partial redupli-
cated external lamina, and occasional
cells have complex, sometimes interdigi-
tating cell processes. 

Genetics 
A single case of ossifying fibromyxoid
tumour has been analysed cytogeneti-
cally {2003}. The tumour had a hypo-
diploid karyotype distinguished by a
der(6;14)(p10;q10) and an add(12)
(q24).

Prognostic factors
Follow-up data is available in 41 cases of
ossifying fibromyxoid tumour from the
largest series {602}. Recurrences were
noted in 11 cases (27%), sometimes mul-
tiple. One patient had a presumed
metastasis to the contralateral thigh (in
contrast to a second primary lesion) 20
years after excision of the primary {602}.
The histological and clinical features of

the majority of the recurrent tumours
were identical to the non-recurrent
tumours. However, increased mitotic
activity (8-10 mitotic figures per 10 high
power fields) and increased cellularity
were noted in some of the recurrent
lesions. These latter lesions would prob-
ably be regarded as "atypical" or "malig-
nant" ossifying fibromyxoid tumours by
some. Clinical follow-up in the 3 cases
reported as "atypical" or "malignant" with
significant follow-up, revealed local
recurrence in one case 2 years after
excision of the primary, and pulmonary
metastasis at the time of presentation fol-
lowed by a local recurrence and addi-
tional pulmonary metastasis 25 months
later in the other {1104}.

Fig. 9.23 Ossifying fibromyoxoid tumours typically
show diffuse immunoreactivity for S100 protein.

BA
Fig. 9.22 Atypical / malignant ossifying fibromyxoid tumour. A Cellular areas and centrally placed osteoid. 
B Cells have enlarged nuclei and more prominent, sometimes multiple, nucleoli. Note the mitotic activity
(arrow).

Fig. 9.21 Ossifying fibromyxoid tumour. The cells are
monomorphous and have vesicular nuclei with
inconspicuous nucleoli, and scant eosinophilic cyto-
plasm.
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Definition 
Mixed tumours are well circumscribed
lesions displaying epithelial and / or
myoepithelial elements in varying pro-
portions, within a hyalinized to chon-
dromyxoid stroma. Those tumours, com-
prised mostly of myoepithelial cells,
closely resembling those observed in
pleomorphic adenoma, and lacking 
obvious ductal differentiation, are 
designated myoepitheliomas. Parachor-
domas closely resemble mixed tumours /
myoepitheliomas and are best consid-
ered within this spectrum.

ICD-O codes
Mixed tumour, not otherwise 
specified 8940/1
Mixed tumour, malignant, not 
otherwise specified 8940/3
Myoepithelioma 8982/1
Parachordoma 9373/1

Synonym
Ectomesenchymal chondromyxoid tumour.

Epidemiology
The actual incidence of this group of
tumours is difficult to estimate, as they
have only recently been adequately
characterized. Mixed tumours/myoep-
itheliomas and parachordomas are usu-
ally found in adults, average age 35
years {694,1104}. A significant number of
patients, possibly up to 20%, are chil-
dren less than 10 years of age. There
may be a slight male predominance but
data are limited.

Sites of involvement
The vast majority of cases arise in the
subcutaneous or deep subfascial soft tis-
sues of the extremities (upper > lower
extremities). Less commonly, localization
within the head and neck and trunk
regions is observed. Rare reports have
documented mixed tumours arising from
bone, all involving the extremities {475}. 

Clinical features
Most patients present with superficial to
subfascial, painless swellings, ranging

from a few weeks to several years dura-
tion. Localized pain is rarely reported. 

Histopathology
Histologically, mixed tumours of soft tis-
sue show the same morphologic spec

trum observed in their salivary gland
counterparts. Varying proportions of uni-
form-appearing, epithelioid cells with
eosinophilic to clear cytoplasm,
arranged in nests, cords, and ductules,
and/or spindled cells, are embedded in a 

S.E. Kilpatrick
J. LimonMixed tumour / Myoepithelioma /

Parachordoma

Fig. 9.24 Myoepithelioma / mixed tumour. A Epithelioid cells arranged in nests, ductules, and glandular patterns
within a partially myxoid stroma. B Many cases have a reticular growth pattern, reminiscent of myxoid chon-
drosarcoma.

A

B
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199Mixed tumour / Myoepithelioma / Parachordoma

hyalinized to chondromyxoid matrix
{1104, 1439}. Divergent differentiation,
including squamous, adipocytic, and
bone and cartilaginous metaplasia, may
be observed. From a strict histologic per-
spective, myoepitheliomas differ from
mixed tumours in that they typically lack
a definite ductal component. Additio-
nally, the myoepithelial cells range from
plasmacytoid forms to spindle cells.
Intracytoplasmic hyaline inclusions, a
feature previously described in rare
cases of chondroid syringoma of the
extremities, are rarely observed, some-
times imparting a "rhabdoid" like appear-
ance {654,1104}. Parachordomas closely
resemble mixed tumours with the excep-
tion that cytoplasmic vacuolation may be
a prominent feature in the former
{420,694}. Mitotic activity tends to be
scant, <2 mitoses per 10 high power
fields and nuclear pleomorphism is gen-
erally minimal. Similar to salivary gland
lesions, dedifferentiation into frank carci-
noma or sarcoma is seen in occasional
cases.

Immunophenotype
Despite a broad morphologic spectrum,
greater than 95% of cases express
cytokeratin, vimentin, and S100 protein
{1104,1439}. Less consistently, positivity
for calponin, smooth muscle actin, glial
fibrillary acidic protein, desmin, and
epithelial membrane antigen are
observed.

Genetics
Three cases with clonal aberrations have
been published {694,1669,2114}. Two
tumours had a hypodiploid and one a
hyperdiploid modal chromosome num-
ber. Loss of material from 17p was
detected in all three cases.

Prognostic factors
The majority of mixed tumours / myoep-
itheliomas / parachordomas behave in a
benign fashion. However, a minority may
locally recur and metastasise, resulting in
death {1104}. At present, there are no
morphological features reliably predic-
tive of prognosis, other than those few
lesions which show frankly malignant his-
tological features.

BA
Fig. 9.26 Mixed tumour. A Parachordomas are often dominated by large, variably vacuolated eosinophilic
epithelioid cells. B Rarely, cells may exhibit "rhabdoid" features and intracytoplasmic hyaline inclusions.

BA
Fig. 9.25 Mixed tumour. A Osseous metaplasia within a mixed tumour dominated by myoepithelial cells. 
B Lobules of immature hyaline cartilage adjacent to nests of myoepithelial cells.

BA
Fig. 9.27 Myoepithelioma. A In this case, monomorphic spindle-shaped myoepithelial cells lie adjacent to an
area with variable adipocytic differentiation. B This lesion from the thigh shows features of carcinoma arising
in the context of a myoepithelioma / mixed tumour. Note the marked atypia of the epithelioid cells.

BA
Fig. 9.28 Myoepithelioma. A Almost all cases show at least some immunopositivity for keratin, in this case
AE1/AE3. Fewer cases stain for epithelial membrane antigen. B Most cases are also immunopositive for S100
protein.
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Synovial sarcoma C. Fisher
D.R.H. de Bruijn
A. Geurts van Kessel

Synovial sarcoma (SS) is a morphologi-
cally, clinically and genetically distinct
entity, that may occur at any site. It does
not arise from or differentiate toward syn-
ovium, which, unlike SS, lacks epithelial
differentiation and has different histo-
chemistry. No origin from or continuity
with, pre-existing epithelium has ever
been identified. Because of its epithelial
features, it has been proposed that SS
be renamed carcinosarcoma or spindle
cell carcinoma of soft tissue {1451}.
However, the term SS is generally recog-
nized and has proven useful. 

Definition
Synovial sarcoma is a mesenchymal
spindle cell tumour which displays vari-
able epithelial differentiation, including
glandular formation and has a specific
chromosomal translocation t(X;18)
(p11;q11).

ICD-O codes
Synovial sarcoma 9040/3
Synovial sarcoma, spindle cell      9041/3
Synovial sarcoma, biphasic 9043/3

Synonyms
Older synonyms such as tendosynovial
sarcoma, synovial cell sarcoma, malig-
nant synovioma, and synovioblastic sar-
coma should be abandoned. 

Epidemiology
SS accounts for 5 to 10% of soft tissue
sarcomas {1168}. They are reported from
birth to 89 years but occur mainly in
young adults and more commonly in
males; 90% of cases occur before 50,
and most between 15 and 35 years. 

Sites of involvement
SS is unrelated to synovium and <5%
originate within a joint or bursa. Over
80% arise in deep soft tissue of extremi-
ties, especially around the knee and the
tumour frequently arises adjacent to
joints or tendon sheaths. Around 5%
arise in the head and neck region; how-
ever, any site can be affected {79,668,
690,1018}.

Clinical features
There is usually a mass with or without
pain. In specific sites local symptoms,
e.g. dysphagia, relate to effects of a
mass. Growth is often slow, averaging 2-
4 years, and 20-year histories are known.
Some tumours have radiologically
detectable irregular calcification that is
occasionally massive. 

Aetiology
There are no specific predisposing fac-
tors. One example was associated with a
metal implant used in hip replacement
{1215}, and another with previous thera-
peutic irradiation for Hodgkin disease
{2171}. SS has a chromosomal translo-
cation that is presumably relevant in
pathogenesis (see below).

Macroscopy
The typical SS is 3-10 cm in diameter,
and circumscribed (when slowly grow-
ing) or infiltrative. The tumour is tan or
grey, and soft when lacking fibrous stro-
ma. It is frequently multinodular, and can
be multicystic. Necrosis is seen in poorly
differentiated (PD) SS.

Histopathology
Histologically, SS is biphasic or monopha-
sic. Biphasic SS has epithelial and spin-
dle cell components, in varying propor-
tions. The epithelial cells have ovoid
nuclei and abundant cytoplasm. They
form glands with lumina (containing
epithelial mucin) or papillary structures
with one or (rarely) more layers of uniform

cells. The glandular component can pre-
dominate {1312} with large closely
packed glands and a scanty spindle
component that can be overlooked, allow-
ing misinterpretation as adenocarcinoma.
The epithelial component can also form
solid cords, nests or rounded clusters.
Squamous metaplasia, sometimes with
keratinization, occurs in about 1% of
cases {1474}. The spindled (not "stromal")
tumour cells are uniform and relatively
small, with ovoid, pale-staining nuclei and
inconspicuous nucleoli. Cytoplasm is
sparse and cell borders are indistinct, so
that nuclei appear to overlap. Mitoses can
be scarce, except in poorly differentiated
SS. The spindle cell component often
occurs alone as monophasic SS. Typically

Table 9.01
Unusual Sites of Occurrence of Synovial Sarcoma.

Head and Neck
Orofacial
Tongue 
Tonsil
Larynx 
Trachea
Parapharynx

Abdominal wall
Vulva
Penis
Kidney
Prostate
Skin
Intravascular

Intra-abdominal
Mesentery
Retroperitoneum

Intrathoracic
Mediastinum
Pleura
Lung
Heart
Oesophagus

Intraneural
Intra-osseous
Intra-articular
Intracranial 

Third ventricle

BA
Fig. 9.29  A Biphasic synovial sarcoma of thigh showing a white-tan, firm cut surface. B Surgical specimen of a
monophasic synovial sarcoma of the foot, showing a destructive lesion with a white-tan cut surface.
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there are densely cellular sheets or vague
fascicles, with occasional nuclear pal-
isading Many tumours display, at least
focally, a prominent haemangiopericy-
tomatous vascular pattern. Extensive
sampling can sometimes reveal an
epithelial component but this is not nec-
essary for diagnosis.
Stromal collagen is usually wiry and
scanty but some tumours have foci of
dense fibrosis, especially after irradia-
tion. Myxoid change is usually focal (and
rarely diffuse and predominant {1167}),
with alternating hypocellular and more
cellular areas, and microcyst formation.
Mast cells can be abundant.
Purely glandular monophasic SS theoret-
ically exists but is indistinguishable from
adenocarcinoma without cytogenetics.
SS composed of plump epithelioid cells
has sometimes been termed monopha-
sic epithelial SS, but examples with rhab-
doid cells are included with PD SS. 
Calcifying SS. About one third of SS
show focal tumoural calcification, with or
without ossification. When extensive the
prognosis is improved {2191}. Some
have antecedent trauma. Most are
biphasic {2191}, with calcification in
glandular lumina, but they can be
monophasic with a deceptively bland or
hypocellular spindle component. In ossi-
fying SS, the osteoid has a lace-like pat-
tern mimicking osteosarcoma, and the
bone is lamellar and trabecular {1456}.
Separately, metaplastic bone or cartilage
can occur in the stroma.
Poorly differentiated SS. Areas with high
cellularity, numerous mitoses and often
necrosis are present in many SS but in
some tumours (perhaps 20% of all SS)
these predominate {703,2170}. There are
typically sheets of darkly staining ovoid
or rounded cells like those in other small

Fig. 9.30  A Biphasic synovial sarcoma with glandular and spindle cell component. B Predominantly glandular
synovial sarcoma. Variably-sized mucin-secreting glands with a scanty spindle cell component. 

A

B

B CA
Fig. 9.31 Monophasic synovial sarcoma. A Typical appearance with fascicles and sheets of uniform, relatively small ovoid neoplastic cells. B High power magnification
of the spindle component. C Mast cells may be abundant in the spindle cell component.
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round cell tumours, especially PNET. The
cells are sometimes larger with more cyto-
plasm, and can appear rhabdoid. Rarely,
the rather uniform spindle cells of MSS can
be somewhat pleomorphic. PDSS have
the same immunophenotype and genetic
abnormalities as regular SS {2170}.

Immunophenotype
About 90% of all SS express cytokeratins
(CK), in the epithelial component and in
rare cells in the spindle cell component. In
MSS, CK-positive cells are seen singly, or
in cords, nests or sheets; this can be focal
and not present in every block. Several
CK subtypes are expressed including
cytokeratins 7 and 19 {1443}; these are
absent from malignant peripheral nerve
sheath tumour {1977} and Ewing Sarcoma
/ PNET {1303}, which is diagnostically
useful. Epithelial membrane antigen
(EMA) is expressed more often and more
widely than CK, especially in the poorly-
differentiated subtype. It outlines glandu-
lar lumina, and slit-like spaces in solid
epithelial areas, and the surface of single
cells or small nests in MSS. Some cases
are EMA+ but CK-, or vice versa so that
both markers should be used.
S100 protein may be detectable (in nuclei
and cytoplasm) in 30% of synovial sarco-
mas including MSS {854}. CD99 is posi-
tive in 62% of SS, in the cytoplasm of
epithelial cells and with membrane stain-
ing on spindle cells, mimicking that in
ES/PNET {492}. BCL2 protein is diffusely
expressed in all SS, especially in spindle
cells {2060}. However, CD34 is usually
negative. Amongst muscle markers,
calponin is found in most SS. Desmin is
absent, but occasionally in MSS there is
focal positivity for muscle specific or
smooth muscle actin. Vimentin is present
in the spindle cells of SS.

Fig. 9.32 Ossifying synovial sarcoma showing irregu-
lar bone formation within the tumour and scant neo-
plastic spindle cells.

BA
Fig. 9.34 Poorly differentiated (A) biphasic and (B) monophasic synovial sarcoma.
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Fig. 9.33  A A haemangiopericytomatous vascular pattern is seen in many monophasic synovial sarcomas. 
B In myxoid synovial sarcoma spindle-shaped tumour cells are widely dispersed in a myxoid stroma.

A

B
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Ultrastructure
The epithelial component is similar to
adenocarcinoma {665}. External lamina
encloses groups of cells containing inter-
mediate filaments including tonofila-
ments. Cells are joined by a terminal bar
complex and have surface microvilli pro-
truding into the glandular lumen. In MSS,
the cells are featureless and rarely have
prominent RER indicative of fibroblasts.
There are very occasional intercellular
gaps, into which protrude short or long
processes. Short segments of external
lamina associated with single cells can

rarely be found. Transitions between the
spindle and the epithelial component are
not seen. Calcifying examples show
intramitochondrial needle-like calcifica-
tions {2280}. 

Genetics 
Cytogenetics
The t(X;18)(p11;q11) is the cytogenetic
hallmark of synovial sarcoma, being
present in more than 90% of the 150
cases that have been reported {1477}.
Variant, more complex translocations
have been described. In one-third of the

tumours it is the sole aberration, whereas
the others also have secondary changes,
in particular –3, +7, +8, and +12. 

Molecular genetics
The genes affected by the t(X;18) have
been isolated: SS18 (a.k.a. SYT or SSXT),
from chromosome 18, and SSX1, SSX2
and SSX4 from the X chromosome {360,
408,471,472,1966}. Several studies have
indicated that the t(X;18) translocation
arises exclusively in synovial sarcomas.
FISH and (real-time) RT-PCR have been
employed widely for the rapid diagnosis
of synovial sarcoma {197,473, 973,1004,
1570,1784,1942}. Of at least 350 syn-
ovial sarcomas analysed for the pres-
ence of SS18/SSX fusions, two-thirds
showed an SS18/SSX1 fusion, one-third
an SS18/SSX2 fusion and three separate
cases an SS18/SSX4 fusion {543,543a,
1855}.
The human SS18 gene is expressed
ubiquitously {466,469} and codes for a
55 kDa protein (418 amino acids). The
SSX gene family encompasses at least
five members, encoding 188 amino acid
proteins with high sequence homologies.
In most SS18/SSX fusion proteins identi-
fied, the C-terminal 8 amino acids of
SS18 are replaced by the last 78 amino
acids of SSX. The consequence of this is
that the QPGY domain of SS18 is inter-
rupted and that the KRAB domain of SSX

Fig. 9.37 Karyogram showing the t(X;18)(p11;q11) translocation characteristic of synovial sarcoma. Arrows indi-
cate breakpoints.

Fig. 9.36 Synovial sarcoma. A Cytokeratin positivity in a
case of monophasic synovial sarcoma. B EMA is a more
sensitive immunohistochemical marker than keratin in
monophasic and poorly differentiated lesions.

A

B

BA
Fig. 9.35  A Electron microscopy of a biphasic synovial sarcoma showing a well defined glandular-like lumen
with few projecting microvilli, amorphous intraluminal material and desmosomal junctional complexes. 
B Monophasic synovial sarcoma with abortive lumina and projecting microvilli.
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is lost in the fusion protein. Since the
other interaction domains of SS18 are
retained, the SS18-SSX protein may still
interact with the SWI/SNF complex and
EP300. Several lines of evidence have
indicated that interruption of the SS18
QPGY domain may lead to a loss of func-
tion for this domain {252,2106}. This loss
may also be caused by aberrant folding
through the addition of SSX sequences
and/or through aberrant targeting of the
whole complex {467,468}. Such aberrant
targeting may lead to SWI/SNF mediated
chromatin changes in regions which are
normally silenced by PcG complexes.

Prognostic factors
Up to 50% of SS recur, usually within 2
years, but sometimes up to 30 years after
diagnosis {2242}. Some 40% metasta-
sise, commonly to lungs and bone and
also regional lymph nodes. Adequate
local excision with postoperative radio-
therapy can control local recurrence. 
5 year survival is 36-76%, and 10 year
survival is 20-63% {2242}. The best out-
comes are in childhood patients, in
tumours which are <5 cm in diameter,
have <10 mitoses / 10 hpf and no necro-
sis, and when the tumour is eradicated
locally {1245,1958,2010}. Prognosis

does not differ between monophasic and
biphasic tumours, or in relation to
immunophenotype. However, cases with
the SS18/SSX2 variant gene, which is
mostly found in MSS, have a better prog-
nosis {71,1077,1569}. 
PDSS is aggressive, and metastasises in
a high percentage of cases. The pres-
ence of rhabdoid cells or of more than
50% necrosis, are adverse prognostic
factors; in one series, 50% died with a
mean survival of 33 months {2171}. The
calcifying variant fares better with sur-
vival of 83% after five years, and 66%
after 10 years {2191}.
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BA
Fig. 9.38  A Schematic representation of the SS18 protein which is affected by the t(X;18) translocation. Marked as doubleheaded arrows are the SNH and QPGY domains,
as well as the domain responsible for nuclear localization (NLS). Also marked as doubleheaded arrows are the SS18 domains which are responsible for the interactions
with MLLT10, SMARCA2 and EP300. Additionally, the most frequent breakpoint in synovial sarcoma (arrowhead) and the the alternatively spliced exon 8 are indicated. 
B Schematic representation of an SSX protein. Marked as doubleheaded arrows are the KRAB and SSX repression domain (SSXRD), as well as the nuclear localization
signal (NLS). Also marked as doubleheaded arrows are the domains which are responsible for the interactions with RAB3IP, SSX2IP and core-histones. The arrowhead
denotes the most frequent breakpoint in synovial sarcoma.
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Definition
A distinctive sarcoma of unknown line-
age showing predominantly epithelioid
cytomorphology, affecting mainly adoles-
cents and young adults. This tumour may
be misdiagnosed as a benign lesion,
especially as a benign granulomatous
process. 

ICD-O code 8804/3

Epidemiology
Epithelioid sarcoma (ES) was first recog-
nized as a distinctive entity in 1970 by
Enzinger {592}. It occurs in young adults
mainly between 10 and 39 years of age
(median: 26 years) {336}. Male patients

outnumber females by about 
2:1 {336,1723}, especially in the second
through fifth decades of life. 

Sites of involvement
The flexor surface of the fingers, hand,
wrist, and forearm are most commonly
involved, followed by knee and lower leg,
proximal extremities, ankle, feet and toes
{336}. The trunk (including genital areas)
and head and neck regions are seldom
involved by classical epithelioid sarcoma. 

Clinical features 
When superficially located, ES usually
presents as firm, slowly growing painless
nodules or plaque-like lesions, solitary or

multiple. Ulceration of the skin may
occur. Deep-seated lesions are often
attached to tendons, tendon sheaths,
and / or aponeuroses. 

Aetiology
Unknown. A history of trauma is reported
in 20% {336} to 25% {1723} of cases.

Macroscopy
In its classical «distal» form, ES usually
presents as small, indurated, ill defined,
dermal and/or subcutaneous nodules, or
larger, variably necrotic masses involving
tendons and/or fascia. The cut surface
shows a whitish lesion with often a yellow
to brown centre due to necrotic and/or
haemorrhagic changes. The size of the
superficial nodules varies from a few mil-
limeters to 5 cm; deep-seated tumours
tend to be larger (up to 15 cm) {336}.

Histopathology
The conventional «distal» form of ES
shows a characteristic nodular growth
pattern and is composed of a mixed pro-
liferation of eosinophilic epithelioid and
spindle cells exhibiting slight nuclear
atypia, vesicular nuclei and small nucle-
oli. Transition between the two cell types
is gradual and intercellular collagen dep-
osition usually marked. Frequently,
tumour nodules undergo central necrosis
resulting in a pseudogranulomatous
appearance, simulating a benign necro-
biotic process such as a rheumatoid
nodule or granuloma annulare. Deep-
seated and fascial-based tumours often
form scalloped or garland-like structures
admixed with areas of necrosis {336}.
Pseudoangiosarcomatous features due
to cell disaggregation, dystrophic calcifi-
cations and bone formation (10-20% of
cases), and accompanying chronic
inflammation are possible additional fea-
tures {336}. Perineural and perivascular
infiltration are commonly seen. The num-
ber of mitoses is usually low, often less
than 5 per 10 hpf. A «fibroma-like» vari-
ant of ES has been described and shows
a predominantly spindle cell proliferation
with minimal cytological atypia set in an

L. Guillou
Y. KanekoEpithelioid sarcoma
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A

Fig. 9.39 Epithelioid sarcoma. A Typical dermal lesion with granuloma-like growth pattern with central necro-
sis. B Tumour cells with a tendency for palisading around central necrotic areas. C Cellular details showing
abundant ill defined eosinophilic cytoplasm, opened chromatin nuclei, and readily apparent central nucleoli. 
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abundant collagen-rich extracellular
matrix {1446,1473}.

Immunophenotype
Immunohistochemically, ES is character-
istically immunoreactive for vimentin and
epithelial markers: low- and high-molec-
ular-weight cytokeratins, keratin 8 {1446},
keratin 19 {1446} and/or EMA {432,1324,
1397,1446,1888}. Half of the cases are
also positive for CD34 {1446,2172};
occasional reactivity for muscle-specific
and smooth muscle actins, neuron spe-
cific enolase, and S100 protein has also
been reported {1446,1888}.

Ultrastructure
Tumour cells show a spectrum of differ-
entiation ranging from epithelial-appear-
ing cells characterized by well formed
desmosome-like intercellular junctions,
intracytoplasmic aggregates of interme-
diate filaments (tonofilaments) and/or
surface microvilli, to uncommitted fibrob-
last-like mesenchymal cells {666}.

Genetics
Cytogenetic studies of epithelioid sarco-
ma are limited to 8 primary or metastatic

tumours and 3 cell lines {398,445,480,
646,934,1021,1487,1770,1987,1990,
2029}. Six tumours were from typical
sites, including the forearm or elbow, and
five from atypical sites. Various chromo-
some deletions and gains, none of which
is specific for epithelioid sarcoma, were
found in the 11 tumours: 8p-/i(8)(q10) in
five tumours, -4, +7/+7p, -9/9p- or 9q-, -
13, -16/16p- or 16q-, -18/18p-, and +20
in four tumours, and 1p-, 7q-, +8q, and
–22/22q- in three tumours. The only
recurrent breakpoints in structural
rearrangements were 18q11 and 22q11,
seen in two tumours each. It could be
noted that while 5/6 cases from typical
sites were diploid or hypodiploid, 4/5
tumours from atypical sites showed near-
triploidy or near-tetraploidy. 

Prognostic factors
ES is an aggressive sarcoma which
tends to propagate along fascial planes,
and tendon and nerve sheaths. The
recurrence rate, which depends mainly
on the adequacy of the initial excision,
varies between 34% {876} and 77% {336,
1810}. Metastases develop in about 40%
of the patients, usually following repeat-

ed recurrences, and primarily involve the
lungs, but also, in descending order of
frequency, regional lymph nodes, scalp,
bone, and brain {336,625,1723,1810}.
Five- and ten-year overall survival rates
range between 50% {336, 625} and 80%
{231, 292}, underlining the characteristic
protracted and unpredictable clinical
course of the lesion. The overall recur-
rence rate is about 80% at 10 years
{335}.
Adverse prognostic factors in ES include
male sex {336}, advanced age at diag-
nosis, large tumour size (>5 cm) {625},
deep location {231}, nuclear pleomor-
phism, high mitotic activity, presence of
vascular and/or nerve invasion {1723},
multiple recurrences and presence or
absence of regional lymph node metas-
tases at diagnosis {292,1723}.

Proximal-type epithelioid sarcoma
Recently, attention has been drawn to a
special type of aggressive malignant soft
tissue neoplasm thought to represent a
«proximal» variant of epithelioid sarcoma
{855,897}. In this variant, the tumours
develop predominantly (but not excusive-

B CA
Fig. 9.41 Epithelioid sarcoma. A Tumour cells are positive for cytokeratins. B CD34 immunoreactivity is observed in about 50% of conventional epithelioid sarcomas.
C Proximal-type epithelioid sarcoma: tumour cells displaying membranous positivity for EMA 

B CA
Fig. 9.40 Epithelioid sarcoma. Epithelioid angiosarcoma-like (A) and rhabdoid features (B), as well as perineural invasion (C) are common in conventional epithe-
lioid sarcoma.
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ly) in the pelvis, perineum and genital tract
(pubis, vulva, penis). Most of them are
deep-seated and they tend to occur in
older adults than in the «distal» conven-
tional variant of ES. 
Microscopically, «proximal-type» ES,
which often shows a multinodular pattern
of growth, consists of large epithelioid car-
cinoma-like cells with marked cytological
atypia, vesicular nuclei and prominent
nucleoli. Rhabdoid features are frequently
observed and may even predominate in
some lesions to the point that morphologi-
cal distinction from an malignant extrarenal
rhabdoid tumour (see page 219) may be
almost impossible {334,1487,1692}. Rare
cases show hybrid histologic features of
the classical and proximal subtypes.
Tumour necrosis, a common finding, sel-
dom results in a granuloma-like pattern like
that observed in the classical «distal» form
of ES. Immunohistochemical and ultra-
structural features are similar to «distal» ES
{855, 897}.
Like malignant extrarenal rhabdoid
tumours, «proximal-type» ES seems also
to be associated with a more aggressive
clinical course, multimodal therapy resist-
ance, and earlier tumour-related deaths as
compared with the more indolent behav-
iour of conventional ES {336,
855,897,1397}. It is not clear yet if this
unfortunate behaviour is related to the
prominent rhabdoid phenotype or merely
to classical prognostic factors such as
tumour size, depth, proximal / axial loca-
tion, resectability, or vascular invasion.

207Epithelioid sarcoma

Fig. 9.42 Proximal-type epithelioid sarcoma. A Multinodular growth pattern. B Tumour cells show abundant and
densely eosinophilic cytoplasm, enlarged vesicular nuclei and prominent nucleoli, resulting in a carcinoma-like
appearance.
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Definition
Alveolar soft part sarcoma (ASPS) is a
rare tumour affecting mainly adolescents
and young adults. It is composed of
large, uniform, epithelioid cells having
abundant eosinophilic, granular cyto-
plasm arranged in solid nests and / or
alveolar structures, separated by thin,
sinusoidal vessels.

ICD-O code 9581/3

Epidemiology
ASPS is a rare tumour with a reported fre-
quency of 0.5% to 0.9% of all soft tissue
sarcomas {901, 1227}. It can occur at
any age, but is most common between
15 and 35 years. It is rare before 5 and
after 50 years of age. There is a female
predominance before age 30 and a
slight male predominance over age 30
{1617,1719}.

Sites of involvement
In adults, the tumour most commonly
occurs in the extremities, especially in
the deep soft tissues of the thigh. In 41%
of 176 cases from the two largest series,
the tumour originated in the thigh or but-
tock {1258,1719}. In children and infants,
the head and neck region, especially the
orbit and tongue, is the most common
site of origin. Isolated cases have been

reported in a wide variety of unusual
locations, including the female genital
tract {1563,1742}, mediastinum {691},
lung {1991}, stomach {2321}, and bone
{1661}.

Clinical features
ASPS usually presents as a slowly grow-
ing, painless mass that is easily over-
looked due to its relative lack of symp-
toms. Early metastasis is a characteristic
feature of this tumour and, in a good
number of cases, metastasis to the lung
or brain is the first manifestation of the
disease. Orbital lesions present most
commonly with proptosis and lid
swelling. Because of the high vascularity
of the tumour, on occasion, pulsation or a
distinctly audible bruit can occur.
Hypervascularity with prominent draining
veins can be demonstrated by angiogra-
phy or contrast-enhanced CT {1285},
and high signal intensity on T1- and T2-
weighted images on MRI are highly sug-
gestive of ASPS {2052}.

Macroscopy
Alveolar soft part sarcomas tend to be
poorly circumscribed, pale grey or yel-
lowish in colour, and present a soft con-
sistency. Areas of necrosis and haemor-
rhage are common, especially in the
larger tumours.

Histopathology
The most characteristic light microscopic
feature is that of an organoid or nesting
pattern which is best seen at low magni-
fication. The nests tend to be uniform,
but may vary in size and shape. They are
separated by delicate partitions of con-
nective tissue containing sinusoidal vas-
cular channels lined by flattened
endothelium. Loss of cellular cohesion
and necrosis of the centrally located
cells in the nests results in the commonly
seen pseudo-alveolar pattern and is the
source of the descriptive "alveolar" des-
ignation. In some instances, especially in
infants and children, the tumour may
grow as diffuse sheets of cells without an
apparent nesting pattern. The individual
tumour cells are large round or polygonal
and exhibit little variation in size and
shape. They contain one or two vesicular
nuclei with prominent nucleoli, but on
occasion as many as five nuclei can be
seen in the same cell. Nuclear atypia is
uncommon, but can occur. The cell bor-
ders are sharply defined conferring a
distinctly epithelioid appearance. The
cytoplasm is abundant, eosinophilic, and
finely granular but, on occasion, may
appear clear or vacuolated. Mitotic fig-
ures are uncommon. The cells frequently
contain rhomboid or rod-shaped crys-
talline inclusions that may be faintly

N. Ordóñez
M. LadanyiAlveolar soft part sarcoma

BA
Fig. 9.43 Alveolar soft part sarcoma (ASPS). A Low magnification demonstrating the typical organoid pattern. B The tumour cell nests are outlined by sinusoidal vascu-
lar channels.
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apparent on haematoxylin-and-eosin
stained histological preparations but can
be better demonstrated with PAS stain
after diastase digestion. These inclu-
sions vary greatly in number from case to
case. They can be seen in virtually every
tumour cell in some cases, while they are
rare or even absent in others. In addition
to the crystals, variable amounts of
glycogen and diastase-resistant gran-
ules, which probably represent precur-
sors of the crystals, can also be found.
Vascular invasion is an almost invariable
feature.

Immunophenotype
ASPS has been extensively studied by
immunohistochemical methods with no
consistently positive findings {713,1617-
1619,2213}. Among the muscle markers
that have been investigated, desmin is
sometimes positive, particularly in frozen
sections, and there is often cytoplasmic
(but not nuclear) reactivity for MyoD1.
Immunostaining for myogenin has been
consistently negative {1618, 2213}.
Positivity for S100 protein or neuron-spe-
cific enolase has been demonstrated in
about one-fourth of the cases, but the
expression of these markers has no diag-
nostic value or significance in the histo-

genesis of this tumour {1617, 1619}.
ASPS do not express synaptophysin,
chromogranin, neurofilament proteins,
cytokeratin, or epithelial membrane anti-
gen.
The majority of cells show moderate to
strong nuclear staining with the antibody
to the carboxy-terminal portion of TFE3
retained in the fusion protein, in contrast
to most normal cells which show only
weak to absent nuclear staining with this
type of TFE3 antibody {1203}. The PAS-
diastase-resistant cytoplasmic granules
associated with crystal formation are
immunoreactive for MCT1 and CD147
{1202}. MCT1 is a monocarboxylate
transporter and CD147 functions, in part,
as its chaperon protein.

Ultrastructure
By electron microscopy, the nests of
tumour cells are shown to be surrounded
by a discontinuous basal lamina. The cell
membranes are joined by scattered,
poorly developed junctions, and the
cytoplasm contains numerous mitochon-
dria, abundant rough endoplasmic retic-
ulum, and prominent Golgi complexes.
The most characteristic ultrastructural
feature is the presence of membrane-
bound or free rhomboid crystals with a

periodicity of 10 nm (see above) {1258,
1619}. Secretory granules containing
homogeneous secretory material that on
occasion exhibits small foci of crystal-
lization are often seen {1618}.

Genetics
Cytogenetic studies of ASPS have identi-
fied a specific alteration, der(17)t(X;17)
(p11;q25) {927,1048}. Because the
der(X) resulting from the t(X;17)(p11;q25)
is almost always absent, the der(17)
t(X;17) may be described in some cases
as add(17)(q25) unless the quality of the
banding allows for positive identification
of the additional material as the short arm
of X {1907}. This translocation has
recently been shown to result in the
fusion of the TFE3 transcription factor
gene (from Xp11) with ASPL (a.k.a. ASP-
SCR1 or RCC17) at 17q25 {1207}. The
ASPL/TFE3 fusion protein localizes to the
nucleus and can function as an aberrant
transcription factor. Although the pres-
ence of the ASPL/TFE3 fusion appears
highly specific and sensitive for ASPS
among sarcomas {1207}, the same gene
fusion is also found in a small but unique
subset of renal adenocarcinomas arising
in paediatric and young adult patients
{77,928}.

B CA
Fig. 9.44 Alveolar soft part sarcoma (ASPS). A Area showing the pseudoalveolar pattern. B Clearing of the cytoplasm, probably caused by degeneration, can mimic
renal cell carcinoma. C PAS stain with diastase digestion demonstrates the presence of crystals.

Fig. 9.45 ASPS from the upper limb of an adolescent
male. Note the solid growth pattern.

Fig. 9.46 Nuclear staining for TFE3 in a case of alve-
olar soft part sarcoma (ASPS).

Fig. 9.47 Partial karyotype of ASPS showing the
characteristic der(17)t(X;17)(p11.2;q25).
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Prognostic factors
ASPS is characterized by relatively slow
growth and seldom recurs locally after
complete resection; however, it is highly
metastatic. Metastasis can occur early in
the course of the disease, sometimes prior
to the detection of the primary lesion, or
much later, even decades, after resection
of the primary, despite the absence of
local recurrence {95, 1258, 1261, 2191}. In
a large study from the Memorial Sloan-
Kettering Cancer Centre, the survival rate
for patients with no evidence of metastasis
at the time of diagnosis was 60% at 5
years, 38% at 10 years, and 15% at 20
years {1258}. 

Factors that can influence prognosis are
patient age at presentation, tumour size,
and the presence of metastasis at diag-
nosis. Histological features have no
prognostic significance. It has been
reported that there is an increase in the
risk of metastasis with increasing age

{1258} and that patients who present
with larger tumours are most likely to
have metastasis at the time of diagnosis
{618}. The most common sites of metas-

tasis in decreasing order of frequency
are lung, bone, and brain {1258,1719}.
Metastasis to the lymph nodes is
uncommon.

210 Tumours of uncertain differentiation
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Fig. 9.48 Alveolar soft part sarcoma (ASPS). A Membrane-bound, fully developed crystals may adhere to one
another, forming a variety of shapes. B Some of the large, membrane-bound secretory granules contain foci of
crystallization.
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Definition
A soft tissue sarcoma of young adults
with melanocytic differentiation, typically
involving tendons and aponeuroses. This
tumour is unrelated to paediatric lesions
currently known as clear cell sarcoma of
the kidney.

ICD-O code 9044/3

Synonym
Malignant melanoma of soft parts.

Epidemiology
These rare tumours usually affect young
adults, with a peak incidence in the third
and fourth decade. Presentations under
the age of 10 or above 50 years are rare.
There is a slight female predominance
{354,484,567,589,1291,1499}.

Sites of involvement
The extremities are the principal site of
involvement (90-95%) with the foot/ankle
region accounting for about 40% of
cases. Clear cell sarcoma is usually
deep seated and often attached to
aponeuroses and tendons. The tumour
may extend into the subcutis or lower
dermis, but the epidermis is typically
intact. The head and neck and the trunk
region are rarely involved {354,484,567,
589,1291,1499}. The visceral organs,
retroperitoneum, bone, penis and spinal
nerve roots are exceptional locations
{535,573,731,1347,1662,1817,1866,
2065,2324}.

Clinical features
The tumour usually presents as a slowly
growing mass, being present for several
weeks to several years. Pain and/or ten-
derness is present in up to 50% of cases.
On MRI imaging, clear cell sarcoma usu-
ally has a benign looking appearance
with a slightly increased intensity on T1-
weighted images compared to muscle in
about half the cases {465}.

Macrosocopy
Most tumours are relatively small (2-6
cm), although lesions as large as 15 cm

have been described. The cut surface
usually shows a lobulated grey-white
mass. Pigmented areas are found in rare
cases. Necrosis or cystic degeneration is
occasionally seen. 

Histopathology
Clear cell sarcoma shows a typical uni-
form, nested to fascicular growth pattern.
Tumour cells are polygonal or spindle-
shaped with abundant eosinophilic or
clear cytoplasm. The nuclei are typically
vesicular with a prominent nucleolus.
Thin fibrous septa delineate the tumour
cell nests. Scattered wreath-like multinu-
cleated giant cells are present in about
50% of cases. The mitotic activity is usu-
ally relatively low as also is the degree of
pleomorphism. Melanin is rarely seen on
H&E stains, but can be detected by
melanin stains in +/-50% of cases {354,
484,567,589,1291,1499}. Less common
morphological variations on the typical
appearance, are: spindle cell arrange-
ment, marked pleomorphism and mitotic
activity (especially in recurrent and

metastatic lesions), solid round cell
aspect, microcystic aspect, and the
presence of myxoid stroma {354,416,
484,567,589,1291,1499}.

Immunophenotype
Positivity for S100 protein, HMB45 and
other melanoma antigens is seen in
almost all cases {829,1115,1291,1499,

R. Sciot
F. SpelemanClear cell sarcoma of soft tissue

Fig. 9.49 Clear cell sarcoma. This well circumscribed
tumour arose in the plantaris tendon of an 18-year-
old woman. Despite the small size of the tumour, she
died from disseminated metastases four years later.

BA

DC
Fig. 9.50 Clear cell sarcoma. A Nests of clear polygonal cells delineated by fibrous septa. B Typical clear cell
sarcoma with more eosinophilic cytoplasm. Note the prominent vesicular nuclei and nucleoli. C Area showing
wreath-like giant cells. D Strong S100 staining is a consistent feature.
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2065}. Positivity for HMB45 is often
stronger and more diffuse than for S100
protein. Expression of neuron-specific
enolase, synaptophysin, CD57 (Leu-7),
and even cytokeratin and actin have
been noted {416,1291,1499,1501,2065}. 

Ultrastructure
Melanosomes in varying stages of devel-
opment are present in the majority of
cases. Variably abundant cytoplasmic
glycogen, swollen mitochondria and a
basal lamina complete the picture {1115,
1453, 1517}.

Genetics
The cytogenetic hallmark of clear cell
sarcoma is the presence of a reciprocal
translocation, t(12;22)(q13;q12). This
translocation has been detected in the
majority of clear cell sarcoma cases
reported in the literature but not 
in other malignancies {1477}. The
t(12;22)(q13;q12) results in fusion of the

EWS (22q12) and ATF1 (12q13) genes
{74, 2350}.
The t(12;22) has been reported as the
sole chromosomal aberration in clear
cell sarcoma, however, most cases also
display additional chromosomal aberra-
tions, often complex in nature. These
additional cytogenetic changes include
+8, structural and numerical aberrations
involving chromosome 22 (other than
the t(12;22)) and +7 {1262, 2007, 2128}.
No variant or cryptic translocations,
resulting in an EWS/ATF1 fusion tran-
script have been reported. 
The EWS/ATF1 fusion protein invariably
contains the N-terminal domain of EWS
and the ATF1 bZIP domain. An
EWS/ATF1 fusion transcript is detectable
with RT-PCR in more than 90% of the
cases {74}. The type 1 fusion transcript
(EWS exon 8-ATF1 codon 65) is by far
the most common, but other variants
account for approximately 10% of the
cases. The reciprocal ATF1/EWS tran-
script probably does not contribute to
malignant conversion, since it is out of
frame. ATF1 is a member of the
CREB/ATF basic leucine-zipper type of
transcription factor family and binds to
cAMP inducible promoters. It was
shown that the EWS/ATF1 fusion con-
verts ATF1 to a constitutive transcription-
al activator that represses TP53/CBP-
mediated transactivation {728,729}.
By RT-PCR analysis it was shown that
4/4 cases expressed the melanocyte-
specific splice form of the microph-
thalmia transcription factor (MITF) tran-
script {74}.

Prognostic factors
The prognosis is poor with a mortality
rate ranging from 37% to 59% in the
largest series {354,484,567,589,1291,
1499}. Many patients develop recur-
rences and metastases, albeit some-
times more than 10 years after diagnosis.
Five-year survival figures thus overesti-
mate the long term survival. In the Mayo
Clinic series, the survival at 5, 10 and 20
years was 67%, 33% and 10%, respec-
tively {1291}. Nodal metastasis develops
in up to 50% of patients. There is as yet
no answer to the question of prophylactic
regional lymph node dissection. The lung
and bone are other frequent sites of
metastasis. Tumour size (greater than 5
cm), necrosis and local recurrence are
unfavourable prognostic factors {1291,
1499,1862}.

Fig. 9.52 Schematic and partial G-banded kary-
otype illustrating the 12;22 translocation character-
istic of clear cell sarcoma.

Fig. 9.51 Ultrastructural appearance of clear cell
sarcoma from a 23 year-old male, showing a mixture
of stage II and III melanosomes.
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Definition
Extraskeletal myxoid chondrosarcoma
(EMC) is a malignant soft tissue tumour
characterized by a multinodular architec-
ture, abundant myxoid matrix, and malig-
nant chondroblast-like cells arranged in
cords, clusters, or delicate networks.
Despite the name, there is no convincing
evidence of cartilaginous differentiation.

ICD-O code 9231/3

Synonym
Chordoid sarcoma.

Epidemiology
EMC is a rare tumour, accounting for less
than 3% of soft tissue sarcomas {2143}. It
is primarily a tumour of adulthood with
the median age in the sixth decade and
a male:female ratio of 2:1. Only rare
cases in childhood or adolescence have
been reported {864}.

Sites of involvement
Most EMCs arise in the deep soft tissues
of the proximal extremities and limb girdles
{597,1385}. Thigh is the most common
location. Less common sites include trunk,
paraspinal region, foot, and head and
neck region. Rare tumours have also been
reported in the finger {1603}, intracranial
location {1864}, retroperitoneum {730},
pleura {801}, and bone {1105}.

Clinical features
Patients typically present with an enlarg-
ing soft tissue mass. Pain and tender-
ness characterize some cases, and
tumours around joints may restrict range
of motion. Large or superficial tumours
may ulcerate the skin. Although imaging
characteristics are nonspecific, most
tumours appear lobulated, and highly
myxoid tumours have a homogeneous
high signal on T2 weighted MRI image.
Tumours with necrosis or hemorrhage
have a more heterogeneous signal.

Macroscopy
Most EMCs form large, well demarcated
tumours contained by a pseudocapsule.

The median size is 7 cm {1385}. However,
tumour size is quite variable, including
very large masses (20-25 cm) in some
cases. On cut section, the tumour has a
well defined multinodular architecture
comprised by gelatinous nodules sepa-
rated by fibrous septa. Intratumoural
cysts and haemorrhage, both recent and
remote, and geographic areas of necro-
sis may be present. Highly cellular
tumours have a fleshy consistency.

Histopathology
Conventional ‘well differentiated’ EMC
has a multinodular architecture defined
by fibrous septa that divide the tumour
into circumscribed areas filled with pale
blue myxoid or chondromyxoid stroma
that is rich in sulfated proteoglycans.
Lobules often show higher cellularity at
the periphery. Well formed hyaline carti-
lage is rarely, if ever seen. The stroma is
strikingly hypovascular. 
The neoplastic cells usually have a mod-
est amount of deeply eosinophilic, finely
granular to vacuolated cytoplasm and
uniform round to oval nuclei. The chro-
matin is usually evenly distributed often
with a small, inconspicuous nucleolus.
The cells characteristically interconnect
with one another to form cords or clus-

ters. In some tumours they form com-
plex, filigree or cribriform arrays, while
others show spindle cell patterns.
Epithelioid cells with abundant eosino-
philic cytoplasm and vesicular nuclei
with prominent nucleoli, or rhabdoid cells
with hyalinized cytoplasmic globules, are
found in some EMCs. Mitotic activity is
usually low (<2 mitotic figures per 10
high power field) in most cases. Areas of
recent and remote intratumoural haemor-
rhage are common.
EMC may have more cellular areas, char-
acterized by closely spaced cells with

D.R. Lucas
S. Heim

Extraskeletal myxoid chondrosarcoma

Fig. 9.53 Extraskeletal myxoid chondrosarcoma
typically forms a demarcated tumour encased by a
pseudocapsule, and divided into multiple gelatinous
nodules by fibrous septa. Intratumoral cysts and
hemorrhage are common.

Fig. 9.54 On low power, extraskeletal myxoid chondrosarcoma has a multinodular architecture consisting of
myxoid areas demarcated by fibrous septa.
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minimal myxoid stroma. Diffusely cellular
tumours are referred to as "cellular vari-
ants". The cells in these tumours fre-
quently have epithelioid morphology and
greater mitotic activity. Some EMCs dis-
play sheets of anaplastic epithelioid cells
devoid of matrix, fibrosarcomatous
areas, brisk mitotic activity with abnormal
division figures, and large geographic
areas of necrosis. In such high grade
tumours, one may need to search for
areas of conventional EMC morphology
in order to make the diagnosis. Finally,
small cells with scant cytoplasm may
comprise some EMCs {864, 1385}.

Immunophenotype
Vimentin is the only marker consistently
expressed in EMC {494,1385}. S100 pro-
tein, cytokeratin, and epithelial mem-

brane antigen are expressed in a minori-
ty of tumours and usually only focally.
Synaptophysin or neuron-specific eno-
lase expression has been demonstrated
in some tumours {889,1603,1611}.

Ultrastructure
Interconnecting, rounded mesenchymal
cells surrounded by abundant granular
amorphous extracellular stroma charac-
terize its fine structure. The cytoplasm is
rich in organelles, especially mitochon-
dria, rough endoplasmic reticulum
(RER), and intermediate filaments, which
are sometimes arranged in perinuclear
whorls. Dilations within the RER filled with
granular amorphous material identical to
the extracellular stroma, and ruffled cyto-
plasmic borders are common findings.
Intracisternal microtubules are very char-

acteristic of EMC. However, they are
present in less than half the cases {65,
1385, 1672}. Dense core neurosecretory
granules have also been report in some
cases {889}.

Genetics
Myxoid chondrosarcoma has been
examined both at the cytogenetic and
molecular genetic levels. Of the more
than 20 such tumours that have been
reported to carry clonal chromosomal
aberrations {205,253,266,459,949,950,
1332,1633,2028,2144}, the reciprocal
translocation t(9;22)(q22;q12) was seen
in around half of all cases. Sometimes
three-way variant translocations were
observed, and more often than not there
are additional, secondary chromosomal
aberrations. The t(9;22) (q22;q12) has

BA

DC
Fig. 9.55 Extraskeletal myxoid chondrosarcoma (EMC). Tumour cells typically have low grade cytologic fea-
tures and interconnect with one another to form (A) cords, (B) delicate networks, (C) clusters, or (D) spindle
cell patterns.

B CA
Fig. 9.57 Extraskeletal myxoid chondrosarcoma (EMC). A In some tumours the cells form complex cribriform arrays. B Rhabdoid cells with eccentric hyaline glob-
ules, are occasionally seen in EMC. C 19 Densely cellular areas with minimal matrix characterize the cellular higher grade variant of EMC.
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Fig. 9.56  A,B EM features of EMC include granular
extracellular matrix, cytoplasm rich in mitochondria
and RER, and intracysternal microtubules.
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not been associated with other diagnos-
tic entities. A second cytogenetic sub-
group of extraskeletal myxoid chon-
drosarcoma characterized by the pres-
ence of a t(9;17)(q22;q11) was also iden-
tified {205}; this translocation is equally
specific but less common than the
t(9;22).
The molecular genetic consequences of
both the t(9;22)(q22;q12) and the
t(9;17)(q22;q11) have been unravelled
{359,1201,1643,1963}. In the former
translocation, the genes NR4A3 (a.k.a.
CHN, TEC, from 9q22) and EWS (from
22q12) are fused. It seems that two main
EWS/NR4A3 transcripts exist, joining
EWS exons 12 and 7, respectively, to
NR4A3. In the t(9;17)(q22;q11), NR4A3
is recombined instead with the RBP56
gene from 17q11 to generate a chimeric
RBP56/NR4A3. RBP56 encodes a puta-
tive RNA-binding protein similar to the
EWS and FUS proteins. It appears that
the N-terminal parts of EWS and RBP56
have similar oncogenic potential making
them pathogenetically equivalent in
oncoproteins arising from fusions with
certain transcription factors. A third chro-
mosomal variant, t(9;15)(q22;q21), which
has been described in a single case,
leads to the fusion of the TCF12 and
NR4A3 genes {1964}.

Prognostic factors
EMC is a tumour with long survival but is
known, with prolonged follow-up, to have
high potential for local recurrence and
metastasis, and a high disease-associat-
ed death rate {1385,1847}. Local recur-
rences and metastases each occur in
approximately half of cases. Metastases
are usually pulmonary. However, extrapul-
monary and disseminated metastases
also occur {1847}. Interestingly, pro-
longed survivals even in the face of
metastatic disease are not uncommon in
EMC. In a recent large study of 99
patients, Meis-Kindblom et al. {1385}

report 5, 10, and 15 year survivals of 90,
70, and 60%, respectively.
Large tumour size, especially greater than
10 cm, appears to be a significant nega-
tive prognostic factor in EMC {1385,
1611}. Although a number of studies deny
the significance of histologic variables
such as grade, cellularity, and mitotic rate
on clinical behaviour {1028, 1385,1847},
others suggest that examples showing
increased cellularity and atypia are more
aggressive {65, 1289, 1611}. A few stud-
ies have also suggested that the pres-
ence of rhabdoid cells may be an adverse
histologic variable {1611,1622}.

215Extraskeletal myxoid chondrosarcoma / Malignant mesenchymoma

BA
Fig. 9.58  A The translocation t(9;22)(q22;q12) (arrows indicate breakpoints) is pathognomonic for extraskeletal
myxoid chrondrosarcoma and is found in half of all such tumours. It recombines the two genes NR4A3 (from
9q22) and EWS (from 22q12). B The translocation t(9;17)(q22;q11) (arrows indicate breakpoints) is also typical for
extraskeletal myxoid chrondrosarcoma but is found only in a minority of lesions. It recombines the genes NR4A3
(from 9q22) and RBP56 (from 17q11).

The term "malignant mesenchymoma"
has been applied to sarcomas that
exhibit two or more lines of specialized
differentiation. However, it has become
apparent that this group does not form a
clinicopathological entity, and that poten-
tial candidates for the designation can
be more appropriately classified in other
ways. Among those with a fatty compo-
nent are myxoid liposarcomas with carti-

lagenous metaplasia, atypical lipoma-
tous tumours (well differentiated liposar-
comas) with osseous, cartilagenous,
smooth muscle, or skeletal muscle ele-
ments, dedifferentiated liposarcomas
with the same elements in the dedifferen-
tiated component, and pleomorphic
liposarcomas with osteogenic areas.
Nonfatty neoplasms meeting the defini-
tion include the rare leiomyosarcomas

that have osteosarcomalike or rhab-
domyosarcomatous zones and the occa-
sional embryonal rhabromyosarcomas
that demonstrate focal cartilage.
Obviously all of these are different neo-
plasms, and "lumping" them together
under one heading is misleading.

ICD-O code 8990/3

H.L. EvansMalignant mesenchymoma
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Definition
Desmoplastic small round cell tumour
(DSRCT) is composed of small round
tumour cells of uncertain histogenesis,
associated with prominent stromal
desmoplasia and polyphenotypic differ-
entiation. The presence of the t(11;22)
(p13;q12) translocation is a consistent
cytogenetic feature. 

ICD-O code 8806/3

Synonyms
Intraabdominal desmoplastic small round
cell tumour, intrabdominal desmoplastic
small cell tumour with divergent differen-
tiation, polyphenotypic small round cell
tumour.

Epidemiology
DSRCT primarily affects children and
young adults, who usually present with

widespread abdominal serosal involve-
ment {777}. There is a striking male pre-
dominance, with a peak incidence in the
third decade of life (with a wide range
from 1st to 5th decade). 

Sites of involvement
The vast majority of patients develop
tumour in the abdominal cavity, frequent-
ly located in the retroperitoneum, pelvis,
omentum, and mesentery. Multiple seros-
al implants are common. Clinical presen-
tation outside the abdominal cavity is 

very rare, and is mainly restricted to the
thoracic cavity and paratesticular loca-
tions {412}. Isolated cases occur in
limbs, head and neck and brain.

Clinical features
Presenting symptoms are usually related
to the primary site, such as pain, abdom-
inal distension, palpable mass, acute
abdomen, ascites, and organ obstruc-
tion. Presentation at an exceptional site
(see above) should prompt a careful
search for an intra-abdominal primary.

C.R. Antonescu
W. GeraldDesmoplastic small round cell tumour

Fig. 9.59 Desmoplastic small round cell tumour
presenting as one dominant tumour mass and multi-
ple smaller tumour nodules. The cross section shows
a solid white-tan cut surface, with foci of necrosis.

Fig. 9.60 CT image of a large pelvic desmoplastic
small round cell tumour.

Fig. 9.61 Histological spectrum of desmoplastic small round cell tumour. A Characteristic morphology with
variably sized nests in a desmoplastic stroma. B Solid growth pattern with large confluent nests.

A

B
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Macroscopy
The typical gross appearance consists of
multiple tumour nodules studding the
peritoneal surface. Often there is a dom-
inant tumour mass accompanied by
smaller nodules. The cut surface is firm,
grey-white, with foci of haemorrhage and
necrosis.

Histopathology
Histologically, DSRCT is characterized
by variably sized and shaped, sharply
outlined nests of small neoplastic cells
surrounded by a prominent desmoplastic
stroma. The size of the nests varies con-
siderably, from minute clusters to large
irregular confluent sheets. Central necro-
sis is common and cystic degeneration
can also be seen. Some tumours focally
exhibit epithelial differentiation, with
glands or rosette growth pattern. The

tumour cells are typically uniform with
small hyperchromatic nuclei, scant cyto-
plasm and indistinct cytoplasmic bor-
ders. In about half of cases a small com-
ponent of tumour cells show intracyto-
plasmic eosinophilic rhabdoid inclu-
sions. Some tumours have larger cells
and greater pleomorphism. The chro-
matin is typically dispersed, with incon-
spicuous nucleoli. Mitoses are frequent
and individual tumour cell necrosis is
common. The desmoplastic stroma is
composed of fibroblasts or myofibrob-
lasts embedded in a loose extracellular
material or collagen. Prominent stromal
vascularity is also present, suggestive of
a hyperplastic response to the tumour.
The hyperplastic vessels vary from com-
plex capillary tufts to larger vessels with
eccentric thickened walls and prominent
endothelial and pericytic cells.

Immunophenotype
The immunoprofile of DSRCT is consis-
tent and distinctive, showing a complex
pattern of simultaneous multi-phenotyp-
ic differentiation, expressing proteins
associated with epithelial, muscular,
and neural differentiation {778, 779}.
The majority of cases are immunoreac-
tive for cytokeratins, epithelial mem-
brane antigen, vimentin, desmin, and
NSE. A distinctive dot-like intracyto-
plasmic localization is seen with desmin
and occasionally with other intermedi-
ate filaments. Myogenin and myoD1 are
consistently negative. Nuclear expres-
sion of WT1 (using antibodies to the
carboxy terminus) is usually seen {124,
947}. The stromal component is positive
for vimentin and common or smooth
muscle actin, suggesting myofibroblas-
tic origin. 

B CA
Fig. 9.63 Immunoprofile of DSRCT: strong immunoreactivity for cytokeratin (A), desmin (B), and NSE (C).
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BA

ED
Fig. 9.62 Histological spectrum of desmoplastic small round cell tumour (DSRCT). A Infiltrative growth pattern and "indian-file" appearance. B Small round cells with
minimal nuclear pleomorphism. C Rosette formation. D Focal necrosis. E "Glomeruloid" vascular proliferation. F Epithelial features with gland formation.

C

F
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Ultrastructure
Most cells have a primitive / undifferenti-
ated appearance with small amounts of
cytoplasm and scant organelles. A
notable feature is the presence of
paranuclear aggregates and whorls of
intermediate filaments. Rare dense core
granules can be also seen in some
cases. Few cells are connected by cell
junction complexes, including well
formed desmosomes. 

Genetics
DSRCT is characterized by a specific
chromosomal abnormality, t(11;22)
(p13;q12) {190,1801,1871}, unique to
this tumour, involving two chromosomal
regions previously implicated in other

malignant tumours. The translocation
results in the fusion of the Ewing sarcoma
gene, EWS, on 22q12 and the Wilms
tumour gene, WT1, on 11p13 {461, 780,
1206}. Interestingly, the most common
primary site of DSRCT, the serosal lining
of body cavities, has high transient fetal
expression of WT1 gene. WT1 is
expressed in tissues derived from the
intermediate mesoderm, primarily those
undergoing transition from mesenchyme
to epithelium, in a specific period of
development {1729,1751}. This stage of
differentiation is reminiscent of DSRCT
with early features of epithelial differenti-
ation.
The most commonly identified EWS/WT1
chimeric transcript is composed of an in-

frame fusion of the first seven exons of
EWS, encoding the potential transcrip-
tion modulating domain, and exons 8
through 10 of WT1, encoding the last
three zinc-fingers of the DNA-binding
domain. Rare variants including addition-
al exons of EWS occur {70}. Intranuclear
chimeric protein can be detected and
shown to contain the carboxy terminus of
WT1 {776}. Detection of the EWS/WT1
gene fusion and chimeric transcript
serves as a sensitive and specific mark-
er for DSRCT {776}.

Prognostic factors
The overall progression-free survival
remains very poor, despite multimodal
therapy {776,1189}.

Fig. 9.65 EM of DSRCT: neoplastic cells with typical
whorls of intermediate filaments and well formed
desmosome junctional structures.

BA
Fig. 9.64 Immunodetection of EWS/WT1 chimeric protein in desmoplastic small round cell tumour (DSRCT).
A Strong nuclear reactivity with the WT1 (C19) antibody directed to the carboxy terminus of WT1. 
B No reactivity with the WT1 antibody directed to the amino terminus of WT1.
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Fig. 9.66 Diagrammatic representation of 
chromosomal breakpoints in DSRCT with
t(11;22)(p13;q12) translocation.

Fig. 9.67 Diagrammatic representation of chromosomal breakpoints in DSRCT with EWS/WT1 fusion transcripts.
All chromosome 11 breakpoints involve intron 7 of WT1, suggesting that the preservation of the last three zinc-
finger motifs of WT1 is crucial to sarcomagenesis. The majority of chromosome 22 breakpoints involve intron 7
of EWS and, infrequently, introns 8 and 9.
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Definition
Soft tissue rhabdoid tumour is a malig-
nant tumour of infants and children, char-
acterized by neoplastic cells with large
nuclei, prominent nucleoli, and abun-
dant, eccentric cytoplasm with variably
prominent eosinophilic, cytoplasmic
"inclusions". These inclusions are ultra-
structurally composed of whorls of inter-
mediate filaments. Since a rhabdoid phe-
notype may be present in a wide spec-
trum of tumours, particularly those occur-
ring in adults, the diagnosis of rhabdoid
tumour requires exclusion of an underly-
ing alternative line of differentiation.

ICD-O code 8963/3

Epidemiology 
Malignant rhabdoid tumours are well
defined and characterized entities in both
the kidney and central nervous system.
Due to histological overlap with other
neoplasms, rhabdoid tumour as a distinct
entity arising in soft tissue has taken
longer to define. However, it has become
apparent that these tumours, if carefully
defined, are confined almost exclusively
infants and children. Congenital and even
fetal cases, some with disseminated dis-
ease at the time of diagnosis, are well
documented {972, 980, 2259}. An
increasing number of familial cases are
recognized {406, 1733}.

Sites of involvement
The tumours may arise at a variety of
topographic locations, including liver,

heart and gastrointestinal system. Soft
tissue lesions seem to arise most fre-
quently in deep, axial locations, includ-
ing the neck and paraspinal regions.
Cutaneous lesions are well described. 
Imaging studies are not felt to be partic-
ularly helpful in the diagnosis of soft tis-
sue rhabdoid tumours, other than to
delineate the extent of tumour as the fea-
tures are non-specific {1802}.

Macroscopy
Rhabdoid tumours have been described
as primarily unencapsulated masses,
generally less than 5 cm in greatest
dimension. The cut surface is soft and
grey to tan in colour. Foci of both haem-
orrhage and necrosis are frequently
observed {1150}.

Histopathology
Rhabdoid tumours are densely cellular,
comprised of sheets or solid trabeculae
of neoplastic cells with large, vesicular,
round to bean-shaped nuclei, prominent
centrally located nucleoli, and abundant
eccentric cytoplasm. Less common fea-
tures include scattered non-neoplastic,
osteoclast-like giant cells, a myxoid
background, a lack of cellular cohesive-
ness, and increased collagen deposition
between trabeculae of tumour cells.
Mitoses are frequent, averaging approxi-
mately one per high power field, and
necrosis is common.
The diagnostic hallmark of this tumour by
routine haematoxylin and eosin staining
is a distinctive, globoid, hyaline, eosino-

philic, cytoplasmic inclusion. While these
distinctive cells are numerous in most
tumours, occasional tumours may con-
sist primarily of primitive, undifferentiated
"small round blue cells" with only a mino-
rity of cells having a rhabdoid pheno-
type. In these cases, the rhabdoid cells
may occur in clusters or scattered singly
throughout the tumour, highlighting a
potential diagnostic challenge in a small
biopsy sample.
A wide variety of tumours, including
some carcinomas, sarcomas, menin-
giomas, melanomas, lymphomas, and
mesotheliomas, may display rhabdoid
features, either focally or diffusely,
fuelling much of the "entity vs phenotype"
debate that has surrounded these
tumours in the past. When present in a
tumour with an otherwise documentable
line of differentiation, the rhabdoid phe-
notype should be reflected in the diagno-
sis, either as a composite extrarenal
rhabdoid tumour (particularly if the phe-
notypic appearance is mixed) or as a
modifier (if the phenotype is diffuse). In
addition, there are rare cases of rhab-
doid tumours apparently arising in prox-
imity to cutaneous, benign, mesenchy-
mal lesions in neonates {764,1686}.

Immunophenotype
As a variety of tumours may express the
rhabdoid phenotype, immunohistochemi-
cal stains are frequently an invaluable
adjunct. The majority of rhabdoid tumours
coexpress vimentin and an epithelial anti-
gen, such as keratin, epithelial mem-

D. SchofieldExtrarenal rhabdoid tumour

Fig. 9.68 Congenital rhabdoid tumour arising in the
soft tissue of the thigh of a neonate.

BA
Fig. 9.69 Extrarenal rhabdoid tumour. A Cells contain abundant eosinophilic cytoplasm and vesicular nuclei with
prominent nucleoli. B Note prominent pale-pink inclusions.
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brane antigen and/or CAM5.2. In addi-
tion, a significant percentage of tumours
frequently express neuroectodermal anti-
gens such as CD99, synaptophysin,
and/or NSE. Expression of muscle specif-
ic actin and focal S-100 positivity are also
not uncommon. However, despite the fre-
quent polyphenotypic appearance,
desmin, myoglobin and CD34 are not
expressed {634,1150,2141}. 

Ultrastructure
The classic rhabdoid tumour cell is ultra-
structurally characterized by cytoplasmic
whorls of intermediate filaments measur-
ing 8-10 mn in diameter. These filamen-
tous whorls may incorporate mitochon-
dria, lipid droplets or fragments of endo-
plasmic reticulum. A double immunofluo-
rescence and three dimensional imaging
study suggests that these whorls repre-
sent cytokeratin, while vimentin forms a
filamentous network throughout the cyto-
plasm. In addition to the distinctive
whorls, rhabdoid tumour cells, contain the
usual, non-specific cadre of cytoplasmic
organelles, including few mitochondria,
lysosomes, free ribosomes and dilated
rough endoplasmic reticulum, along with
scattered lipid droplets. Variably devel-
oped intercellular attachments may be
seen, but true desmosomes are not pres-
ent {2137}. 
Due to sampling, typical rhabdoid cells
may or may not be identified in tumours
with a rhabdoid phenotype, regardless of
whether the lesion is a true rhabdoid
tumour or otherwise. Ultrastructural exam-
ination of these tumours is probably most
helpful in excluding rhabdoid tumour his-
tology as an uncommon phenotypic pres-

entation of an otherwise typical sarcoma
or carcinoma of known histogenesis. 

Genetics
The identification of deletions and occa-
sional translocations (the latter involving
partner chromosome regions 1p36,
6p12, 11p15 and 18q21) {881, 1548,
1689, 1813} of chromosome 22 band
q11.2 in a number of soft tissue rhabdoid
tumours provided the first and most con-
vincing evidence that at least a subgroup
of these tumours represented a distinct
clinicopathological entity. Conversely,
chromosome 22 deletions were distinctly
uncommon in a limited number of com-
posite extrarenal rhaboid tumours stud-
ied, supporting the hypothesis that the
rhabdoid phenotype was a manifestation
of anaplastic progression modulated by
a separate genetic mechanism {743}.
Subsequent identification of mutations
and homozygous deletions of the SMAR-
CB1 (a.k.a. hSNF5 or INI1) gene in the
majority of rhabdoid tumours has con-
firmed the initial karyotypic and molecu-
lar cytogenetic observations {192, 1921,
2201}. SMARCB1 mutations and dele-
tions are also characteristic of rhabdoid
tumours originating in the kidney and
central nervous system and have been
identified in a subset of choroid plexus
carcinomas, medulloblastomas, central
PNETs, along with a rare glioblastoma
multiforme and rhabdomyosarcoma
{483, 1922}. 
Although SMARCB1 functions as a
tumour suppressor gene, the mechanism
of its inactivation is usually not the clas-
sic "mutation and subsequent deletion of
the second normal allele." Most malig-

nant rhabdoid tumours are characterized
by either a homozygous deletion or par-
tial / complete isodisomy of chromosome
22. Homozygous deletions seem to be
present in the majority of cases in which
a translocation is documented {1813}.
In addition to chromosome 22 rearrange-
ments and SMARCB1 inactivation, other
chromosomal abnormalities and TP53
mutation / overexpression have been
reported in isolated soft tissue rhabdoid
tumours {394,546,1052,1122,2021}.

Prognostic factors
Extrarenal rhabdoid tumours, like their
renal and central nervous system coun-
terparts, are characterized by aggres-
sive biological behaviour. Regardless of
therapy and current identifiable tumour
or patient-specific features, survival rates
are dismal.

Fig. 9.70 Extrarenal rhabdoid tumour. Note diffuse,
discohesive growth pattern and prominent cytoplas-
mic inclusions.

Fig. 9.72 Partial karyotype illustrating homozygous
loss of the SMARCB1 locus on 22q. One homologue
(left) is deleted, and the other (right) is involved in an
unbalanced translocation. Arrows indicate break-
points. For comparison, two normal copies of chro-
mosome 22 are shown (top).

BA
Fig. 9.71 Extrarenal rhabdoid tumour. A Focal positivity for epithelial membrane antigen is a frequent finding. 
B Positivity for cytokeratin AE-1/AE-3 in the cytoplasm, with accentuation of the filamentous inclusions, is com-
monly seen.
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Definition
Neoplasms with perivascular epithe-
lioid cell differentiation (PEComas) are
mesenchymal tumours composed of
histologically and immunohistochemi-
cally distinctive perivascular epithelioid
cells. The PEComa family of tumours
includes angiomyolipoma (AML), clear
cell "sugar" tumour of the lung (CCST),
lymphangioleiomyomatosis (LAM),
clear cell myomelanocytic tumour of the
falciform ligament / ligamentum teres
(CCMMT) and unusual clear cell
tumours of the pancreas, rectum,
abdominal serosa, uterus, vulva, thigh,
and heart. Some of these lesions are
discussed in the WHO Classification of
renal (AML), hepatic (AML) and pul-
monary (CCST, LAM) tumours.

Synonyms
Extrapulmonary sugar tumour, perivas-
cular epithelioid cell tumour (PECT),
monotypic epithelioid angiomyolipoma.

Epidemiology
PEComas other than AML, CCST or
LAM are exceedingly rare. Appro-
ximately 31 PEComas other than AML,
LAM or CCST have been reported
{225,417,698,701,802,1441,1676,2084,
2100,2186, 2335}.
CCMMT usually occurs in young girls,
with a mean age at diagnosis of 11

years {698,2084}. Uterine PEComas
have a mean age at diagnosis of 54
years {417, 1441,1821,2186}. Almost all
other reported PEComas have been in
women, with a wide age range
{225,802,2100}.

Sites of involvement
PEComas have been reported in the
uterus (13 cases), falciform ligament (8
cases), large and small bowel (3
cases), pancreas (1 case), pelvic side-
wall (1 case), vulva (1 case), thigh 
(1 case) and heart (1 case)
{225,417,698,701,802,1441,1676,2084,
2100,2186,2335}.

Clinical features
CCMMT presents as a painful abdomi-
nal mass. Uterine PEComas may pres-
ent with vaginal bleeding. Other
PEComas typically present as a pain-
less mass. No association with tuberous
sclerosis complex has been demon-
strated in non-AML, CCST or LAM
PEComas.

Histopathology
Perivascular epithelioid cells (PECs) are
characterized by perivascular location,
often with a radial arrangement of cells
around the vascular lumen {227,1675}.
Typically, PECs in an immediate
perivascular location are most epithe-

lioid and spindled cells resembling
smooth muscle are seen away from ves-
sels. Great variation is seen in the rela-
tive proportion of epithelioid and spin-
dled cells. PECs have clear to granular,
lightly eosinophilic cytoplasm, rather
than the dense eosin- ophilia of true
smooth muscle cells. They typically 
display small, centrally placed, nor-
mochromatic, round to oval nuclei with
small nucleoli, although striking hyper-
chromasia and nuclear irregularity may
be present.
The majority of PEComas resemble
CCST, with PEC arrayed around thin-
walled blood vessels {2100,2186,2335}.
However, a significant percentage of
reported PEComas display striking
nuclear atypia, elevated mitotic activity
and necrosis {225,1786,2100}. Uterine
PEComas may show an infiltrative
growth pattern similar to that of low
grade endometrial stromal sarcoma
{2186}. CCMMT differs somewhat from
other PEComas in that it is almost exclu-
sively a spindle cell lesion, with uniform
moderatly sized cells arranged in fasci-
cles and nests {698,701,2084}. A strik-
ing feature is the elaborate vasculature,
with small arcing vessels that subdivide
the tumour into coarse packets, remi-
niscent of renal cell carcinoma. Mitotic
activity, angiolymphatic invasion and
necrosis have not been reported. 

A.L. FolpeNeoplasms with perivascular 
epithelioid cell differentiation
(PEComas)

BA
Fig. 9.73 PEComa. A Note the typical nested architecture. B In many cases, tumour cells have a clear cytoplasm, reminiscent of clear cell carcinoma.
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Immunohistochemistry 
The PEC is characterized by positivity
with melanocytic markers, such as
HMB-45, Melan-A, tyrosinase, microph-
thalmia transcription factor, and NKI/C3
and muscle markers, such as smooth
muscle actin, pan-muscle actin, muscle
myosin and calponin {225, 226, 288,
329, 698, 1199, 1674, 2034, 2100,
2224, 2339}. Desmin is less often posi-
tive and cytokeratin and S100 protein
are usually absent. In PEComas, the
most sensitive melanocytic markers are
HMB-45, Melan-A and microphthalmia
transcription factor {2034, 2339}. 

Ultrastructure
Ultrastructural studies have document-
ed abundant cytoplasmic glycogen,
pre-melanosomes, thin filaments with
occasional dense bodies, hemidesmo-
somes and poorly formed intercellular
junctions {698, 2084, 2100}.

Genetics
The presence of a t(3;10)(?p13;?q23)
has been reported in one CCMMT
{698}. Other PEComas have not been
studied by cytogenetic or molecular
genetic methods. A small number of
CCMMT have also been shown to lack
expression of the tuberous sclerosis-
associated TSC2 gene product tuberin
{698}.

Prognostic factors 
Clear criteria for malignancy in
PEComas have not been elaborated,
owing to their rarity. Development of
such criteria has also been complicated
by the relatively frequent presence of
pseudomalignant changes in the most
common PEComa, AML. However, clini-
cally malignant (i.e., metastatic) AML,
usually of the epithelioid type, have
been convincingly documented, and
these tumours closely resemble many

reported PEComas of non-AML, LAM or
CCST type {1199, 1339, 1673, 1744,
1786, 2323}. Sarcomas arising in pre-
existing benign AML have also been
reported {356, 655}. Furthermore, 
clinically malignant pulmonary CCST
have been reported {752}. Clinically
malignant PEComas of the bowel,
uterus, and heart have been reported
{225, 2100}. On the basis of these 
prior reports, it appears that PEComas
displaying any combination of 
infiltrative growth, marked hypercellu-
larity, nuclear enlargement and hyper-
chromasia, high mitotic activity, atypical
mitotic figures, and coagulative 
necrosis should be regarded as 
malignant. Malignant PEComas are
aggressive sarcomas that frequently
result in the death of affected patients.
In contrast to other forms of PEComa,
CCMMT to date appears relatively
benign.

BA
Fig. 9.74  A Epithelioid cytomorphology in a PEComa. B PEComa consisting of clear to lightly eosinophilic spin-
dle cells.

BA
Fig. 9.75  A PEComa showing fascicular arrangement and delicate, arborizing capillaries. B High power view of
a PEComa with round nuclei with small nucleoli.

Fig. 9.76 Some PEComa cases show marked cyto-
logical pleomorphism.

Fig. 9.77 PEComas are consistently immunoreactive
for HMB45.
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Definition
Intimal sarcomas are malignant mes-
enchymal tumours arising in large arteri-
al blood vessels of the systemic and pul-
monary circulation. The defining feature
is the predominant intraluminal growth
with obstruction of the lumen of the ves-
sel of origin and the seeding of emboli to
peripheral organs.

ICD-O code 8800/3

Epidemiology
Intimal sarcomas are very rare tumours
{219, 286}. According to the published
case reports pulmonary intimal sarco-
mas are almost twice as common as
tumours of aortic origin (165 versus 100
reported patients) {219, 286, 772, 1916}.
Pulmonary intimal sarcomas show a
slight female predominance (female to
male ratio of about 1.3), while no sex
predilection could be observed for aortic
tumours. Intimal sarcomas are tumours
of adulthood with a broad age range.
The mean age at the time of diagnosis is
48 years for pulmonary and 62 years for
aortic intimal sarcoma {286}. 

Sites of involvement
Intimal sarcomas of the pulmonary circu-
lation mainly involve the proximal vessels
and are frequently located in the pul-
monary trunk (80%), the right or left main
pulmonary arteries (50-70%), or both
(40%) {286, 287, 1577}. Some tumours
also involve the pulmonary valve or

extend into the right ventricular outflow
tract. Direct infiltration or lung metas-
tases are observed in 40% of affected
patients while extrathoracic spread
occurs in about 20% of cases, involving
the lungs, kidneys, lymph nodes, the
brain and skin {286, 1577}. 
Aortic intimal sarcomas mostly arise in
the abdominal aorta between the celiac
artery and the iliac bifurcation and
approximately 30% of tumours are locat-
ed in the descending thoracic aorta.
Arterial embolic tumour dissemination in
these patients is frequent and results in
distant metastases involving bone, peri-
toneum, liver and mesenteric lymph
nodes {286, 1861}. 

Clinical features 
The clinical presentation of intimal sarco-
mas is often unspecific and related to
tumour emboli. Due to rarity of this
tumour, proper diagnosis is often
delayed or made post mortem. In pul-
monary intimal sarcomas recurrent pul-
monary embolic disease is the most
common primary diagnosis. Intimal sar-
comas of the aorta most commonly pres-
ent with consequences of embolic inci-
dents such as claudication and absent
pulses of lower extremities, back pain
and abdominal angina resulting from
mesenteric artery occlusion, malignant
hypertension or rupture of aneurysm
formed by the tumour {1572}. 

B. Bode-Lesniewska
P. KomminothIntimal sarcoma

Fig. 9.79 Intimal sarcoma. Spreading of the tumour along the intrapulmonary branches of the pulmonary artery
(from B. Bode-Lesniewska et al. {219}). 

B CA
Fig. 9.78 Intimal sarcoma. A Chest CT of a patient with an intimal sarcoma of the left pulmonary artery. B View of the hilum of the resected lung of this patient with obstruc-
tion of the lumen of the pulmonary artery by tumour tissue. C Endarterectomy specimen of another patient with intimal sarcoma of the pulmonary artery (from B. Bode-
Lesniewska et al. {219}).
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The conventional imaging methods are
often disappointingly non-specific, but
the neoplastic nature of the tissue
occluding the lumen can be suspected
in modern diagnostic procedures (CT,
MRI, PET) {1745, 2112}. 

Macroscopy
Intimal sarcomas are by definition mostly
intravascular polypoid masses attached
to the vessel wall and grossly resembling
thrombi. They may extend distally along
the branches of the involved vessels.
Occasionally a mucoid lumen cast can
be recovered intraoperatively. Some of
the aortic tumours may cause thinning
and aneurysmal dilatation of the vessel
wall with adherent thrombotic material
suggesting atherosclerotic changes,
particularly in the abdominal aorta. Some
of these lesions of the pulmonary arteries
may have harder, bony areas correspon-
ding to osteosarcomatous differentiation.

Histopathology
Intimal sarcomas are usually poorly dif-
ferentiated mesenchymal malignant
tumours of fibroblastic or myofibroblastic
differentiation, consisting of mildly to
severely atypical spindle cells with vary-
ing degrees of atypia, mitotic activity,
necrosis and nuclear polymorphism.
Some tumours show large myxoid areas
or epithelioid appearance of tumour
cells {804, 974}. Prominent spindling
and bundling of the tumour cells may
resemble leiomyosarcoma. Rare cases
may contain areas of rhabdomyo-,
angio- or osteosarcomatous differentia-
tion {286, 287, 804, 974, 1577}. Aortic
intimal sarcomas – unlike pulmonary
ones – uncommonly contain areas of
specific differentiation other than a
myofibroblastic one, although some
tumours with angio- and rhabdomyosar-
comatous appearance have been
described in case reports {1466, 1861}. 

Immunophenotype
The undifferentiated tumour cells of inti-
mal sarcomas usually exhibit immunore-
activity for vimentin and osteopontin
{771}. Variable positivity for smooth mus-
cle actin has been observed and few
tumours exhibit some positive staining
with antibodies against desmin. In a typ-
ical case of intimal sarcoma the vascular
markers (CD31, CD34 and FVIII) are
negative, but may be positive in areas
with angiosarcomatous differentiation. 

Ultrastructure
Ultrastructurally, microfilaments, dense
bodies, as well as a discontinuous exter-
nal lamina can be found in intimal sarco-
mas as features compatible with myofi-
broblastic differentiation {286, 1039}. In
tumours with rhabdomyosarcomatous
differentiation some rudimentary sar-
comeric structures may be observed
{1466}.

Genetics
In a recent study using comparative
genomic hybridization (CGH), gains and
amplifications of the 12q13-14 region
were identified in 6/8 tumours. Other,
less consistent alterations were losses
on 3p, 3q, 4q, 9p, 11q, 13q, Xp and Xq,
gains on 7p, 17p and 17q as well as
amplifications on 4q, 5p, 6p and 11q
{219}.

Prognostic factors
The prognosis of intimal sarcomas origi-
nating both in the aorta and in pul-
monary arteries is poor with mean sur-
vival times of about 5-9 months in
patients with aortic tumours and of 13-18
months in patients with pulmonary sar-
comas {1916}. Surgical and adjuvant
therapy may prolong survival without
influencing the generally poor outcome
{219, 286, 1577}.

Fig. 9.81 CGH analysis of 8 intimal pulmonary artery sarcomas. Bars to the left of the chromosomes corre-
spond to losses, bars to the right, to gains; thick bars correspond to amplifications of genetic material (from
B. Bode-Lesniewska et al. {219}).
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B CA
Fig. 9.80 Intimal sarcoma. A Myxoid tumour with low cellular density. B Bundles of tumour cells resembling leiomyosarcoma. C An endothelially lined vascular cleft sur-
rounded by pleomorphic tumour cells (from B. Bode-Lesniewska et al. {219}).
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WHO Classification
of Bone Tumours

Primary neoplasms of the skeleton are rare, amounting to
only 0.2% of the overall human tumour burden. However,
children are frequently affected and the aetiology is 
largely unknown.

Significant progress has been made in the histological
and genetic typing of bone tumours. Furthermore,
advances in combined surgical and chemotherapy 
havelead to a significant increase in survival rates even
for highly malignant neoplasms, including osteosarcoma
and Ewing sarcoma.

Several bone tumours occur in the setting of inherited
tumour syndromes, but their histology differs little from
the respective sporadic counterparts.
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CARTILAGE TUMOURS
Osteochondroma 9210/0*
Chondroma 9220/0

Enchondroma 9220/0
Periosteal chondroma 9221/0
Multiple chondromatosis 9220/1

Chondroblastoma 9230/0
Chondromyxoid fibroma 9241/0
Chondrosarcoma 9220/3

Central, primary, and secondary 9220/3
Peripheral 9221/3
Dedifferentiated 9243/3
Mesenchymal 9240/3
Clear cell 9242/3

OSTEOGENIC TUMOURS
Osteoid osteoma 9191/0
Osteoblastoma 9200/0
Osteosarcoma 9180/3

Conventional 9180/3
chondroblastic 9181/3
fibroblastic 9182/3
osteoblastic 9180/3

Telangiectatic 9183/3
Small cell 9185/3
Low grade central 9187/3
Secondary 9180/3
Parosteal 9192/3
Periosteal 9193/3
High grade surface 9194/3

FIBROGENIC TUMOURS
Desmoplastic fibroma 8823/0
Fibrosarcoma 8810/3

FIBROHISTIOCYTIC TUMOURS
Benign fibrous histiocytoma 8830/0
Malignant fibrous histiocytoma 8830/3

EWING SARCOMA/PRIMITIVE 
NEUROECTODERMAL TUMOUR
Ewing sarcoma 9260/3

HAEMATOPOIETIC TUMOURS
Plasma cell myeloma 9732/3
Malignant lymphoma, NOS 9590/3

GIANT CELL TUMOUR
Giant cell tumour 9250/1
Malignancy in giant cell tumour 9250/3

NOTOCHORDAL TUMOURS
Chordoma 9370/3

VASCULAR TUMOURS
Haemangioma 9120/0
Angiosarcoma 9120/3

SMOOTH MUSCLE TUMOURS
Leiomyoma 8890/0
Leiomyosarcoma 8890/3

LIPOGENIC TUMOURS
Lipoma 8850/0
Liposarcoma 8850/3

NEURAL TUMOURS
Neurilemmoma 9560/0

MISCELLANEOUS TUMOURS
Adamantinoma 9261/3
Metastatic malignancy

MISCELLANEOUS LESIONS
Aneurysmal bone cyst
Simple cyst
Fibrous dysplasia
Osteofibrous dysplasia
Langerhans cell histiocytosis 9751/1
Erdheim-Chester disease
Chest wall hamartoma

JOINT LESIONS
Synovial chondromatosis 9220/0

WHO classification of bone tumours

___________________________________________________________

* Morphology code of the International Classification of Diseases 
for Oncology (ICD-O) {726} and the Systematized Nomenclature 
of Medicine (http://snomed.org). Behaviour is coded /0 for benign tumours,
/1 for unspecified, borderline or uncertain behaviour, /2 for in situ carcino-
mas and grade III intraepithelial neoplasia, and /3 for malignant tumours.
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WHO classification of tumours of 
bone: Introduction 

H.D. Dorfman D. Vanel
B. Czerniak Y.K. Park
R. Kotz K.K. Unni

Among the wide array of human neo-
plasms, primary tumours of bone are rel-
atively uncommon. Not only has this con-
tributed to the paucity of meaningful and
useful data about the relative frequency
and incidence rates of the various sub-
types of bone tumours, but it also
explains our rudimentary understanding
of risk factors.
Little information is available concerning
the aetiology and epidemiologic features
of benign bone tumours since most pub-
lished statistical studies have dealt with
bone sarcomas. The benign lesions will
be considered from the epidemiologic
and aetiologic standpoint under the indi-
vidual chapter headings, where they are
known.

Incidence
In general, bone sarcomas account for
only 0.2% of all neoplasms for which
data were obtained in one large series
(SEER) {1789}. Comparison of the inci-
dence rate of bone sarcomas with that of
the closely related group of soft tissue
sarcomas indicates that osseous neo-
plasms occur at a rate approximately
one tenth that of their soft tissue counter-
parts {537,946,1304}. 
In North America and Europe, the inci-
dence rate for bone sarcomas in males is
approximately 0.8 new cases per 100,000
population and year. Somewhat higher
incidence rates have been  observed for
males in Argentina and Brazil (1.5-2) and
Israel (1.4) {1665}. Cancer registry data
with histological stratification indicate that
osteosarcoma is the most common pri-
mary malignant tumour of bone, account-
ing for approximately 35 percent of
cases, followed by chondrosarcoma
(25%), and Ewing sarcoma (16%). In
countries and regions with  higher inci-
dence rates, the relative fraction of osteo-
sarcomas appears to be larger.
Chordomas and malignant fibrous histio-
cytoma are much less frequent, constitut-
ing approximately 8 and 5% of bone
tumours, respectively. In recent years, the
diagnosis of fibrosarcoma primary in
bone has largely been replaced by that of

malignant fibrous histiocytoma, account-
ing for a marked decline in the frequency
of the former diagnostic category.

Age and site distribution
The age-specific frequencies and inci-
dence rates of bone sarcomas as a
group are clearly bimodal. The first well
defined peak occurs during the second
decade of life, while the second occurs
in patients older than sixty. The risk of
development of bone sarcomas during
the second decade of life is close to that
of the older than 60 population, but there
are more cases in the second decade.
The bimodal age-specific incidence rate
pattern of bone sarcomas is clearly dif-
ferent from that of soft tissue sarcomas,
which shows a gradual increase of inci-
dence with age. 
Osteosarcoma occurs predominantly in
patients younger than age twenty, and in
this group 80% occur in long bones of
the extremities. In this age group, a small
proportion of cases involve other parts of
the skeleton, such as craniofacial bones,
the spine, and pelvis. The clear predilec-
tion of osteosarcoma for the appendicu-

lar skeleton has a tendency to decrease
with age. In patients older than fifty,
osteosarcoma of the extremity bones
makes up only 50 % of cases. In this
group, the pelvis and craniofacial bones
each account for about 20 % of the
cases. The incidence rate of extremity
bone involvement for patients older than
50 is approximately one third of that for
persons in the younger age groups. 
Chondrosarcomas have age-specific
incidence rates showing a gradual
increase up to age 75. The age adjusted
rates show little difference by sex and
race. More than 50 % of chondrosarco-
mas occur in the long bones of the
extremities. The other major sites of
involvement are the pelvis and ribs. The
latter site and the sternum are high risk
sites for malignant cartilage tumours.
Ewing sarcoma has epidemiological fea-
tures similar to those of osteosarcoma,
but while osteosarcomas tend to occur in
the metaphyseal areas of long bones of
skeletally immature patients, particularly
in the knee region, Ewing sarcoma tends
to arise in the diaphysis. The age-specif-
ic relative frequency and incidence mir-

Fig. B.1 Age-specific incidence rates by histological subtype, all races, both sexes, SEER data, 1973-1987.  MFH,
malignant fibrous histiocytoma and fibrosarcoma.
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ror those of osteosarcoma with the major
peak occurring during the second
decade of life. Although there is a rapid
decrease in incidence after age 20,
cases are seen in all age groups. Unlike
osteosarcoma, Ewing sarcoma is report-
ed to occur almost exclusively in the
white population.

Precursor lesions
Although the majority of primary bone
malignancies arise do novo, it is increas-
ingly apparent that some develop in
association with recognizable precursors.
Some of these represent non-neoplastic

lesions that predispose to malignant
transformation. Others are benign neo-
plasms that can be the source of a malig-
nant neoplastic process. The likelihood of
discovering such associated lesions can
be facilitated by attention to clinicopatho-
logical correlation of all available data
before arriving at a diagnosis. In bone,
the inclusion of radiographic imaging
data in the diagnostic process offers a
unique opportunity to discover clues to
causal relationships that may not be
reflected in histological patterns or in
other laboratory data. This is especially
true when serial radiographs are avail-
able for review.
Paget disease, radiation injury, and some
of the more common benign cartilaginous
dysplasias are the most clearly estab-
lished precancerous conditions. Both
osteosarcoma and malignant fibrous his-
tiocytoma have been linked to pre-exist-
ing condition of bone such as Paget dis-
ease, radiation damage, bone infarction,
fibrous dysplasia, chronic osteomyelitis,
and some genetically determined syn-
dromes {25,132,390,797,867,989,1042,
2263}. The relative rarity of malignant
transformation in fibrous dysplasia,
osteomyelitis, bone cysts, osteogenesis
imperfecta, and bone infarction places
these conditions in a separate category
{540,725,760, 892,1471,2122}.

Aetiology
While radiation and chronic inflammatory
states are established, though rare caus-

es of bone malignancies, other expo-
sures and conditions have been suspect-
ed (e.g. chromium, nickel, cobalt, alu-
minum, titanium, methyl-methacrylate,
and polyethyelene) but not unequivocally
confirmed. Recently attention has been
focused on a small number of reported
cases of bone sarcomas arising in asso-
ciation with implanted metallic hardware
and joint prostheses {788, 879,
1083,1683,2225}. However, the epidemi-
ological evidence for a causitive role is
still limited or inconclusive {6}. Future
molecular epidemiological studies in
patients who have undergone ortho-
paedic implantation of metallic and other
foreign materials may provide  clues to
the pathogenetic mechanisms underlying
malignant transformation in bone.

Clinical features
The clinical features of bone tumours are
non-specific, therefore a long period of
time may elapse until the tumour is diag-
nosed. Pain, swelling and general discom-
fort are the cardinal symptoms that lead to
the diagnosis of bone tumours. However,
limited mobility and spontaneous fracture
may also be important features.
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Fig. B.2 Osteochondroma. Hard, smooth, nodular
swelling of the distal femur, skin and soft tissues are
easily movable and the knee joint is freely mobile.

Fig. B.3 Osteosarcoma, causing swelling in the dis-
tal femur. Soft tissues poorly movable, consistency
ranging from tough to hard, hyperthermia of the skin
and marked veins.

Precursors of malignancy in bone

Relative frequencies of bone sarcomas by histological type, sex, and race: SEER data 1973-1987

Total White Black

Histological type No. % No. % No. %

Osteosarcoma 922 35.1 743 32.6 106 57.9

Chondrosarcoma 677 25.8 615 27.0 35 19.1

Ewing sarcoma 420 16.0 392 17.3 7 3.8

Chordoma 221 8.4 200 8.8 4 2.2

Malignant fibrous histiocytoma 149 5.7 125 5.5 13 7.1

Angiosarcoma 36 1.4 35 1.5 1 0.5

Unspecified 32 1.2 27 1.2 3 1.6

Other 170 6.4 139 6.1 14 7.8

Total 2627 100.0 2276 100.0 183 100.0
____________
From H. Dorfman & B. Czerniak {537}.

High Risk
Ollier disease (Enchondromatosis)

and Maffucci syndrome
Familial retinoblastoma syndrome
Rothmund-Thomson syndrome (RTS)

Moderate Risk
Multiple osteochondromas
Polyostotic Paget disease
Radiation osteitis

Low Risk
Fibrous dysplasia
Bone infarct
Chronic osteomyelitis
Metallic and polyethylene implants
Osteogenesis imperfecta
Giant cell tumour
Osteoblastoma and chondroblastoma
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Pain
Pain is the first and most common symp-
tom in nearly all malignant bone tumours
{388,429,1025,1159,1254}. If a sponta-
neous fracture does not occur, the symp-
toms usually commence slowly. Initially
the patient has tearing neuralgia-like
pain, which may also be interpreted as
"rheumatic pain". Although the symptoms
may initially occur intermittently and only
at rest, the pain might subsequently
become more intense, disturb sleep at
night, spread into the adjacent joint and
is frequently misinterpreted as arthritis or
as a post-traumatic phenomenon.
A further intensification of pain is experi-
enced as a persistent and piercing pain.
During disease progression, the pain
becomes excruciating and intolerable,
requiring opiate treatment.
In case of pressure on nerve trunks or
nerve plexuses, the patient may experi-
ence radiating pain. A specific kind of
pain occurs when the tumour is located
in the spine and causes radicular or
spinal compression symptoms with
paralysis.

Swelling
The second most important symptom in
bone tumours is swelling, which may fre-
quently be of very long duration, especial-
ly in benign neoplasms, and cause no

additional complaints. Swelling is only
observed if there is an extraosseous part of
the tumour or the bone is expanded by the
tumourous process. In malignant tumours,
swelling develops more rapidly. A descrip-
tion of consistency is important e.g. hard,
coarse, tightly elastic or soft. Metric data
concerning swelling (in centimeters)
should be given; ultrasonic examination
may be helpful to establish objective sizes.
In advanced stages,  tumour swelling may
also cause skin changes, including tensed
shining skin with prominent veins, livid
colouring, hyperthermia, as well as stria-
tion of the skin and eventually, ulceration.
The mobility of the skin, subcutis and mus-
culature above the tumour should also be
assessed. The less the mobility, the more
likely is this factor a criterion of malignancy. 

Limitation of movement
Mobility may be limited in cases of
lesions close to the joint, in tumours such
as osteoblastoma, chrondroblastoma,
giant cell tumours and all types of sarco-
mas. Occasionally it is not the tumour but
reactive synovitis in the joint, especially
in chondroblastoma, that causes limita-
tion of movement and masks the true
diagnosis.

Pathologic fracture
Fracture is diagnosed early, as it causes
the patient to seek attention immediately.
It may occur with no prior symptoms at
all, as is frequently the case in juvenile
cysts and in some non-ossifying bone

fibromas. In cases of malignant bone
tumours, fracture is a rather rare primary
event, as it usually occurs in advanced
stages of osteolytic malignant tumours
and the patient will have experienced
pain and tumour growth prior to it.

General symptoms
These mainly consist of fever, exhaustion
and loss of weight. They are late signs in
malignant tumours, and will be absent in
nearly all cases of benign bone lesions.

Imaging of bone tumours
Diagnosis
Combining both radiological and histo-
logical criteria is most appropriate. 
Based on clinical and radiological signs,
one should first diagnose benign lesions
for which a subsequent biopsy may not
be necessary:
> Metaphyseal fibrous defect
> Fibrous dysplasia
> Osteochondroma 
> Enchondroma
> Simple bone cyst
> Vertebral haemangioma
Age is useful information: before age of
5, a malignant tumour is often metastatic
neuroblastoma; between 5 and 15 years
old, osteosarcoma or Ewing sarcoma;
and after 40 years, metastasis or myelo-
ma.
The first step is to determine tumour
aggressiveness by conventional radiolo-
gy. Important parameters include tumour

Fig. B.4 Ewing sarcoma of the proximal humerus,
presenting as tightly elastic, tense, ulcerated
lesion with shining skin, on a grey-white back-
ground.  Note the marked veins and skin striation.

Fig. B.5 The choice of the imaging technique.
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location, size, type of matrix, and
periosteal reaction. Certain tumours are
more common in particular bones.
Adamantinoma, usually found in the
adult, selectively involves the tibia and
fibula. The most common epiphyseal
tumour in childhood is the chondroblas-
toma. Tumour size is useful and easy to
use. A tumour less than 6 cm in greatest
dimension is likely benign whereas one

bigger than 6 cm may be benign or
malignant. The axis of the lesion is also
useful to determine. Tumours are rarely
centrally located, such as simple bone
cyst. They are most often eccentric. A
cortical location is necessary to diag-
nose a non-ossifying fibroma. Finally the
tumour can be a surface lesion. 
The next step is to determine the limits of
the tumour. The patterns of bone

destruction indicate the aggressiveness
of the lesion. Type 1 is the geographic
pattern. 1A is characterized by a rim of
sclerosis between the normal and lytic
area. 1B indicates a very well limited
lesion, with sharp separation with normal
bone, but no sclerosis. 1C characterizes
a less sharp limit. Type 2 is the moth-
eaten pattern. It is made of multiple holes
separated by not yet destroyed bone
and indicates a more aggressive growth.
Type 3 is the permeative pattern.
Indistinct transition indicates a very rapid
progression of the lesion. The pattern of
the margins of the tumour only means the
rate of progression of the lesion and not
directly its malignancy. 
Most lesions appear radiolucent on the
radiographs but some are sclerotic. The
typical arciform calcifications suggest
cartilaginous tumours.
The pattern of periosteal new bone for-
mation reacting to the tumour crossing
the cortex depends upon the rate of pro-
gression of the tumour. When the tumour
grows slowly, the periosteum has enough
time to build a thick layer of bone. When
multiple layers of periosteal formation are
present, there is probably a succession
of fast and slow growth phases of pro-
gression. Perpendicular periosteal for-
mations are a very useful radiological
sign, strongly suggesting malignancy. 
The Codman's triangle indicates an ele-
vated periosteal reaction, broken by the
growth of the tumour. It can be seen in
both benign and malignant processes.
Cortical disruption, and soft tissues
involvement usually indicate aggressive-
ness. A thin layer of new bone formation
ossified around the tumour suggests a
slow evolution and therefore a benign
process, even if the cortex is destroyed.
On the contrary, tumour on both sides of
a not yet destroyed cortex indicates a
very aggressive lesion. 
Multiple lesions are seen in chondromas,
osteochondromas, Langerhans cell histi-
ocytosis, metastases, and more rarely in
multifocal osteosarcomas and metastatic
Ewing sarcoma.
A flow chart of diagnostic procedures is
shown in Fig. B.05. In general, conven-
tional X-ray radiography is the starting
point. CT is the examination of choice in
the diagnosis of the nidus of osteoid
osteoma in dense bone {798}. Small
lucency of the cortex, localized involve-
ment of the soft tissues, and thin periph-
eral periosteal reaction can be seen
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TNM Classification of bone tumours

Primary tumour (T) TX: primary tumour cannot be assessed
T0: no evidence of primary tumour
T1: tumour 8 cm in greatest dimension
T2: tumour > 8 cm in greatest dimension
T3: discontinuous tumours in the primary bone site

Regional lymph nodes (N) NX: regional lymph nodes cannot be assessed
N0: no regional lymph node metastasis
N1: regional lymph node metastasis

Note: Regional node involvement is rare and cases in which nodal status is not assessed either
clinically or pathologically could be considered N0 instead of NX or pNX.

Distant metastasis (M) MX: distant metastasis cannot be assessed
M0: no distant metastasis
M1: distant metastasis

M1a: lung
M1b: other distant sites

G Histopathological Grading
Translation table for ‘three’ and ‘four grade’ to ‘two grade’ (low vs. high grade) system

TNM two grade system          Three grade systems         Four grade systems

Low grade Grade 1 Grade 1
Grade 2

High grade Grade 2 Grade 3
Grade 3 Grade 4

Note: Ewing sarcoma is classified as high grade.

Stage IA T1 N0,NX M0 Low grade
Stage IB T2 N0,NX M0 Low grade
Stage IIA T1 N0,NX M0 High grade 
Stage IIB T2 N0,NX M0 High grade
Stage III T3 N0,NX M0 Any grade
Stage IVA Any T N0,NX M1a Any grade
Stage IVB Any T N1 Any M Any grade

Any T Any N M1b Any grade
_______________________
From references {831,1979}.
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{279}. CT also allows measurement of the
thickness of a non-calcified cuff of a car-
tilaginous tumour: the cuff is thin in
benign lesions and thick (more than 3
cm) in chondrosarcomas {1092}. MRI is
rarely useful in the diagnosis, but can
display better than CT fluid levels in
blood filled cavities, especially aneurys-
mal bone cysts.

Staging
Focal extent and staging is based on
MRI {24,216,222}. The main advantages
are high contrast and the possibility of
choosing the plane of examination with-
out moving the patient.
Bone metastases are best detected on
radionuclide bone scans. Pulmonary
metastases are evaluated on convention-
al chest radiographs and chest CT
{2185}. Positron emission tomography
(PET) is still under evaluation.
Effectiveness and follow-up of treatment
Most primary malignant tumours are treat-
ed with preoperative chemotherapy
before removal. Plain films and CT can
provide information on the size, margins
and ossifications of the tumour. MRI, how-
ever, provides a more accurate study of
the tumour volume. Signal decrease on
T2-weighted sequences suggests in-

creased ossification or more fibrous tissue
in the tumour {964}. Lack of increase in
signal intensity of the lesion after injection
of the contrast agent suggests necrosis.
MR imaging with dynamic contrast-
enhancement may be useful for differenti-
ating post-chemotherapeutic change
from viable tumour, because viable
tumour enhances rapidly, and the post-
chemotherapeutic changes enhance
slowly {463,2175,2202}.

Grading and staging of bone sarcomas
Grading
Histological grading is an attempt to pre-
dict the biological behaviour of a malig-
nant tumour based on histological fea-
tures. The principles used for grading
sarcomas are similar to those proposed
by Broders for grading of squamous cell
carcinoma {272}. In bone tumours, cellu-
larity, i.e., the relative amount of cells
compared to matrix, and nuclear features
of the tumour cells are the most important
criteria used for grading. Generally, the
higher the grade, the more cellular the
tumour. Irregularity of the nuclear con-
tours, enlargement and hyperchromasia
of the nuclei are correlated with grade.
Mitotic figures and necrosis are addition-

al features useful in grading {624}.
Spindle cell sarcomas such as osteosar-
coma and fibrosarcoma need to be grad-
ed. Many studies have shown that histo-
logical grading correlates with prognosis
in chondrosarcoma and malignant vas-
cular tumours {624,1006,1858}. Tumours
which are monomorphic, such as small
cell malignancies (Ewing sarcoma,
malignant lymphoma and myeloma), do
not lend themselves to histological grad-
ing. Mesenchymal chondrosarcomas
and dedifferentiated chondrosarcomas
are always high grade, whereas clear
cell chondrosarcomas are low grade.
Clinicopathological studies have shown
that grading is not useful in predicting
prognosis in adamantinoma and chordo-
ma.
The significance of histological grading
is limited by inter-observer variability and
the fact that the majority of tumours fall
into the intermediate range.

Staging
In bone tumours, staging incorporates
the degree of differentiation as well as
local and distant spread, in order to esti-
mate the prognosis of the patient.
The universal TNM staging system used
for most carcinomas is not commonly
used for sarcomas because of their rarity
with which sarcomas metastasize to
lymph nodes. Hence the special staging
system adopted by the musculoskeletal
society first described by Enneking and
co-authors have gained acceptance
{2291}. Although staging systems have
been described for both benign and
malignant bone tumours, the usefulness
is primarily in description of malignant
bone tumours. Benign lesions are classi-
fied using Arabic numerals and malig-
nant ones with Roman numerals. Stage 1
benign lesions are latent lesions having
negligible recurrence rate following intra-
capsular excision. Stage 2 benign
lesions are actively growing with a signif-
icant recurrence rate after intracapsular
procedures but a negligible recurrence
rate after marginal en bloc excision.
Stage 3 benign lesions are locally
aggressive with extracapsular extension
having a high recurrence rate after either
intracapsular or marginal procedures.
A surgical staging system for malignant
lesions is most logically accomplished
with the assessment of the surgical
grade (G), the local extent (T), and the
presence or absence of regional or dis-

Stage: Definition:

III Any grade, metastatic

IIB High grade, extracompartmental

IIA High grade, intracompartmental

IB Low grade, extracompartmental

IA Low grade, intracompartmental

Musculoskeletal Tumour Society staging of malignant bone lesions

Type: Plane of Dissection:

Musculoskeletal Tumour Society staging. Surgical margins

Radical Normal tissue extracompartmental

Wide Beyond reactive zone through normal tissue within compartment

Marginal Within reactive zone-extracapsular

Intralesional Within lesion
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tant metastases (M). Any neoplasm can
be divided into two grades; low (G1) and
high (G2). In general, low grade lesions
correspond to Broders grade 1 and 2
and have less than 25% risk of metasta-

sis. High grade lesions (Broders grade 3
and grade 4) have a great risk of local
recurrence and greater than 25% risk of
distant spread. The anatomic extent (T)
is subdivided according to whether the

lesion is intracompartmental (A) or extra-
compartmental (B) {55, 1677}. The pres-
ence or absence of metastasis (M) is the
third major factor related to both progno-
sis and surgical planning. 
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CHAPTER 10

Cartilage Tumours

Tumours which produce a chondroid matrix are logically
grouped together although questions linger about their true his-
togenesis. It is also debatable as to whether some of these enti-
ties represent true neoplasms. They also range from complete-
ly benign lesions to highly lethal neoplasms. However, they
have the common characteristic of producing chondroid matrix
at least in foci. 

Many benign cartilage tumours are asymptomatic, incidental
findings on roentgenograms, whereas malignant tumours
almost always produce symptoms. Roentgenographic findings
are of critical importance in diagnosing cartilage tumours. It is
reasonable to divide cartilage tumours into benign and malig-
nant counterparts. However, benign tumours rarely undergo
malignant transformation.

This chapter also contains a section on synovial chondromato-
sis, a lesion that does not originate from bone. It is included here
because of its cartilaginous nature. It is a primary condition and
the growth characteristics and locally destructive behaviour sug-
gest a neoplasm. Malignancies affecting the synovial mem-
branes are exceptionally rare.
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Osteochondroma J. Khurana
F. Abdul-Karim
J.V.M.G. Bovée

Definition
Osteochondroma is a cartilage capped
bony projection arising on the external
surface of bone containing a marrow
cavity that is continuous with that of the
underlying bone.

ICD-O codes
Osteochondroma 9210/0
Osteochondromatosis NOS 9210/1

Synonyms
Osteochondroma:
Osteochondromatous exostosis, solitary
osteochondroma.

Multiple osteochondromas: 
Hereditary osteochondromatosis, here-
ditary deforming osteochondromatosis,
hereditary chondrodysplasia, diaphy-
seal aclasis, metaphyseal aclasis,
hereditary multiple exostoses.

Epidemiology
Solitary osteochondroma
Osteochondroma may be the most com-
mon bone tumour {988,1875,2155}. The
reported incidence, 35% of benign and
8% of all bone tumours, probably is an
underestimate as the majority are
asymptomatic and not clinically appar-
ent {2155}. Most reported cases have
been in the first 3 decades with no
known sex predilection.

Multiple osteochondromas
Approximately 15% of patients (of all
osteochondromas) have multiple
lesions {2155}, with an incidence up to
1:50,000 in some series {1887}. The age
of patients with multiple lesions is simi-
lar to those with solitary osteochondro-
mas and there is also no sex predilec-
tion. Inheri-tance is autosomal domi-
nant.

Sites of involvement
Osteochondromas generally arise in
bones preformed by cartilage. The most
common site of involvement is the meta-
physeal region of distal femur, upper
humerus, upper tibia and fibula {2155}.

Involvement of flat bones is less common
with the ilium and scapula accounting for
most of the cases. 

Clinical features
Signs and symptoms
Many, if not most lesions, are asympto-
matic and found incidentally. In sympto-
matic cases, the symptoms are often
related to the size and location of the
lesion. The most common presentation is
that of a hard mass of long-standing
duration. Some cases present with
symptoms related to secondary compli-
cations such as mechanical obstruction,
nerve impingement, bursa forming over
the osteochondroma, pseudoaneurysm
of an overlying vessel, infarction of the
osteochondroma or fracture of the stalk
of the lesion {131,188,470,988,1072,
1468,1681,1875,2119,2152,2155}.
Increasing pain and/or growing mass
may be a manifestation of malignant
transformation of osteochondromas. It is
estimated to be less than 1% in patients
with solitary and approximately 1-3% in
patients with multiple osteochondromas.
Higher incidences, some up to 20% of
malignant transformation in multiple
osteochondromas have been reported
because of case selection and variable
criteria used {211,1131,1875,2155,
2206}.

Imaging
Solitary osteochondromas may be
pedunculated or sessile lesions. The
characteristic feature is a projection of
the cortex in continuity with the underly-
ing bone. Irregular calcification is often
seen. Excessive cartilage type flocculent
calcification should raise the suspicion of
malignant transformation. CT scan or
MRI images typically show continuity of
the marrow space into the lesion. These
modalities may also predict the thick-
ness of the cartilage cap {464,775,
2285}. A thick cap raises the suspicion of
malignant transformation. Osteochon-
dromas grow away from the site of active
growth, most likely due to forces from
adjacent tendons and muscles. 

Multiple osteochondromas are similar to
the solitary ones but are generally asso-
ciated with remodeling defects of bone.
Many are flat and cauliflower shaped. 

Aetiology
The aetiology is not known. Based on the
resemblance of the cartilage cap to the
growth plate, several hypotheses have
been offered. These include the possibil-
ity of breakage, rotation and aberrant
growth of the physeal plate or herniation
of the plate in the metaphysis {415,988,
1457,1464,1718}.

Fig. 10.02 A patient with multiple osteochondro-
mas. The limb shows shape and modeling defects.

234 Cartilage tumours

Fig. 10.01 A large ostechondroma is seen at the
upper ilium extending into the false pelvis.
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Macroscopy
An osteochondroma may be sessile 
or pedunculated. The cortex and
medullary cavity extend into the lesion.
The cartilage cap is usually thin (and
decreases in thickness with age). A
thick and irregular cap (greater than 2
cm) may be indicative of malignant
transformation. 

Histopathology
The lesion has three layers – perichon-
drium, cartilage and bone. The outer
layer is a fibrous perichondrium that is
continuous with the periosteum of the
underlying bone. Below this is a carti-
lage cap that is usually less than 2 cm
thick (and decreases with age). Within
the cartilage cap the superficial chon-
drocytes are clustered, whereas the
ones close to the transition to bone
resemble a growth plate. They are
organised into chords and undergo
endochondral ossification similar to the
zone of provisional mineralization. Loss
of the architecture of cartilage, wide
fibrous bands, myxoid change, in-
creased chondrocyte cellularity, mitotic
activity, significant chondrocyte atypia
and necrosis are all features that may
indicate secondary malignant transfor-
mation. Fractures within a stalk may 
elicit a focal fibroblastic response. 
Surface chondrosarcomas differ from
osteochondromas by the absence of a
stalk and the presence of lobular mass-
es of cartilage that permeate and infil-
trate the soft-tissues {1366}. Parosteal
osteosarcoma may have a zone of 
typical cartilage simulating a "cap". They
are, however, radiographically and

microscopically different from an osteo-
chondroma. The characteristic fibroblas-
tic proliferation and cytological atypia is
not observed in an osteochondroma. 
Bunions and osteophytes are bony
growths (often without a cartilage cap)
that have no marrow cavity or sometimes
a poorly developed one that is not con-
tinuous with the medullary canal of the
underlying bone. Exostoses that arise in
the cranio-facial and jaw bones are
sometimes called tori (sing. torus).
These are usually osseous proliferations
that are reactive to an irritant. A similar
traumatic aetiology is most likely respon-
sible for the subungual exostosis and the
so-called aural meatal exostosis. Bizarre
parosteal osteochondromatous prolifera-
tion (Nora’s lesion) is a disorganized
mass of bone, cartilage and fibrous tis-
sue. Trevor disease (Dysplasia Epiphy-
sealis Hemimelica) is a non-hereditary
skeletal dysplasia that resembles an 
epiphyseal osteochondroma.

Genetics
It was long debated whether osteochon-
droma was a developmental disorder or
a true neoplasm. Cytogenetic aberra-
tions involving 8q22-24.1, where the
EXT1 gene is located, have been found
in ten out of 30 sporadic and in 1 out of
13 hereditary osteochondromas {264,
1430}. Moreover, DNA flow cytometry of
the cartilaginous cap demonstrated ane-
uploidy (DNA index range 0.88-1.17) in
four of 10 osteochondromas {238}. LOH
detected by microsatellite analysis using
DNA isolated from the cartilaginous cap
was found almost exclusively at the
EXT1 locus in 3 of 8 sporadic and 2 of
six hereditary osteochondromas {238}.
Fluorescence in situ hybridization
revealed loss of the 8q24.1 locus in 27 of
34 (79%) osteochondromas {645}.

Fig. 10.03 Outer aspect and cut section of osteo-
chondroma of the upper fibula demonstrating the
continuity of the cortex and marrow cavity of the
osteochondroma with that of the underlying bone.

Fig. 10.04 Osteochondroma cut surface and outer
surface showing the bony stalk and the overlying
cartilage cap.

Fig. 10.05 A Osteochondroma, showing the outer perichondrium, cartilage cap and underlying stalk.
Variable amount of endochondral ossification occurs at the bone/cartilage interface. B Endochondral ossi-
fication is often seen at the base of the osteochondroma. This is a normal feature and should not be inter-
preted as a malignancy invading into the stalk.

BA
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These findings suggest that both spo-
radic and hereditary osteochondromas
are true neoplasms. 
The EXT genes, involved in hereditary
multiple osteochondromas (HMO), are
hypothesised to be tumour suppressor
genes. Most of the mutations found in
HMO patients are predicted to result in a
truncated or non-functional protein.
Germline EXT1 mutations combined with
loss of the remaining wild type allele was
demonstrated in three osteochondromas
of two HMO patients {238}). One spo-
radic osteochondroma was described to
harbour a deletion of one EXT1 gene
combined with an inactivating mutation
in the other EXT1 gene {168}. Although
second mutations have been demon-
strated in the minority of cases so far,
these findings strongly suggest that
inactivation of both copies of an EXT
gene in a cartilaginous cell of the growth
plate is required for osteochondroma
formation in both hereditary and spo-
radic cases. Indeed, diminished levels
of the EXT1 and EXT2 proteins {168} 
and of their putative downstream effec-
tors (IHh/PTHrP and FGF signalling 
pathway, see chapter 21) {241} were 

demonstrated in both sporadic and
hereditary osteochondroma chondro-
cytes {168}. Moreover, EXT mutations
were described to induce cytoskeletal
abnormalities (altered actin distribution)
in osteochondroma chondrocytes {168,
169,1237}.

Prognostic factors
Excision of the osteochondroma is 
usually curative. Recurrence is seen
with incomplete removal, however, 
multiple recurrences or recurrence in a
well excised lesion should raise the
suspicion of malignancy.

236 Cartilage tumours

Fig. 10.06 Chromosomal band 8q24 rearrangement in sporadic osteochondroma (on the left). LOH at 8q24 in a
patient with multiple exostoses is demonstrated by microsatellite analysis (D8S198). SSCP mutation analysis
reveals aberrant bands (indicated by arrows) in both normal (N) and osteochondroma (T) DNA. Sequence
analysis reveals a constitutional 15 bp deletion. The PCR fragment containing the mutation is run on a denatur-
ing gel, illustrating loss of the wild-type allele (arrow).
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This group of generally benign tumours
of hyaline cartilage share many histolo-
gical features. However, they differ with
respect to location and clinical features.
Enchondroma and periosteal chondro-
ma  are sporadic while enchondromato-
sis usually manifests as a congenital
tumour syndrome (see Chapter 21,
page 356).

Definition
Enchondroma is a benign hyaline carti-
lage neoplasm of medullary bone. Most
tumours are solitary, however, they
occasionally involve more than one
bone or site in a single bone.

ICD-O codes
Chondroma 9220/0
Enchondroma 9220/0

Synonyms
Solitary enchondroma, central chondroma.

Epidemiology
Enchondromas are relatively common,
accounting for 10-25% of all benign bone
tumours {1874,2155}. The true incidence
is actually much higher since many
tumours are detected incidentally and
never biopsied. The age distribution is
wide, ranging from 5-80 years. However,
the majority of patients present within the
second through fourth decades of life.
The sexes are equally affected.

Sites of involvement
Half of all enchondromas in surgical
pathology series occur in the hands and
feet {1469,1874,2155}. It is the most 
common bone tumour of the hand, where
it most often affects the small tubular
bones. The long tubular bones, especial-
ly proximal humerus and proximal and
distal femur, are next in frequency.

Enchondromas are uncommon in the 
flat bones such as pelvis, ribs, scapula, 
sternum or vertebrae, and are exceeding-
ly rare in the craniofacial bones.

Clinical features / Imaging
Enchondromas in the small bones of the
hands and feet typically present as 
palpable swellings, with or without pain.
Because they often expand these small
bones and attenuate the cortex, they 
frequently present with pathological frac-
tures. Long bone tumours are more often
asymptomatic, and many are detected
incidentally in radiographs or bone scans
taken for other reasons. Tumours other
than those located in small bones are usu-
ally painless unless aggravated by stress.
Enchondromas are usually "hot" on bone
scan.
Radiographically, enchondromas form
well marginated tumours that vary from
radiolucent to heavily mineralized. When
present, the mineralization pattern is high-

D.R. Lucas
J.A. BridgeChondromas: enchondroma, 

periosteal chondroma, and 
enchondromatosis

Fig. 10.07 Enchondromas can be heavily mineralized.
Flocculent, punctate, and ring and arc patterns of min-
eralization, as seen in this tibial diaphyseal tumor, are
highly characteristic of hyaline cartilage tumors.

Fig. 10.08 Enchondromas are most commonly locat-
ed in the small bones of the hands and feet. This
radiograph depicts a slightly expansile enchondro-
ma of the finger with punctate mineralization.

Fig. 10.09 In small bones, enchondromas can be
very expansile, as seen in this radiolucent finger
tumour.

Enchondroma
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ly characteristic, consisting of punctate,
flocculent, or ring and arc patterns. Long
bone tumours are usually centrally located
within the metaphysis. Diaphyseal long
bone tumours are less common, and epi-
physeal tumours are rare. Enchondromas
in the small tubular bones can be centrally
or eccentrically located, and larger tu-
mours can completely replace the me-
dullary cavity {2081}. In small and  medi-
um-sized tubular bones and in thin flat
bones, enchondromas are frequently
expansile. By contrast, in the large long
bones, such as the femur, tibia or hu-
merus, only minimal degrees of bony
expansion and endosteal erosion (or "scal-
loping") are acceptable. More extensive
endosteal erosion is considered suspi-
cious for low grade chondrosarcoma. Cor-
tical destruction and soft tissue invasion
should never be seen in enchondomas.

Macroscopy
Most enchondromas measure less than 3
cm and tumours larger that 5 cm are
uncommon. Because most tumours are
treated by curettage, the specimen is usu-
ally received in fragments. The tissue is
white-grey and opalescent. Gritty yellow or
red foci represent areas of calcification or
ossification. In the intact state, enchodro-
mas are well marginated. They frequently
have a multinodular architecture, com-
prised by nodules of cartilage separated
by bone marrow. This multinodular pattern
appears to be more common in long

bones compared to small tubular bones,
where enchondromas usually have a con-
fluent growth pattern.

Histopathology
In general, chondromas are hypocellular,
avascular tumours with abundant hyaline
cartilage matrix. They typically stain pale
blue with haematoxylin and eosin due to
high content of matrix proteoglycans. The
chondrocytes are situated within sharp-
edged lacunar spaces, and have finely
granular eosinophilic cytoplasm that is
often vacuolated. The nuclei are typically
small and round with condensed chro-
matin. Slightly larger nuclei with open
chromatin and small nucleoli are not

uncommon. The cells can be evenly dis-
tributed or arranged in small clusters.
More than one cell per lacuna, as well as
occasional binucleated cells, can be pres-
ent. Mitotic activity is very low, and usually
not detectable. Focally, in some tumours,
the matrix can be myxoid. Here, the chon-
drocytes, which are no longer confined to
lacunae, assume bipolar or stellate
shapes. Myxoid matrix rarely accounts for
more than a minor component of a tumour.
The architecture of enchondroma varies
from confluent to multinodular. Delicate
fibrous septa or thin mantles of lamellar
bone surround the nodules. Normal mar-
row elements are often present between
nodules. Although endosteal erosion is
present in some cases, enchondromas do
not invade into the Haversian system. The
degree of mineralization is variable. Both
basophilic stippled calcification and endo-
chondral ossification account for it. Areas
of ischaemic necrosis are common, espe-
cially in heavily calcified tumours. Here,
the chondrocytes are reduced to
eosinophilic bodies.
Enchondromas in the small bones of the
hands and feet can be more cellular and
cytologically atypical than long bone
tumours. Without proper radiological cor-
relation, such lesions can be mistaken for
low grade chondrosarcomas.

Fig. 10.10 This CT scan highlights punctate and solid
patterns of mineralization in a tibial enchondroma.

Fig. 10.11 This coronal MRI of a tibial enchondro-
ma highlights its sharp margination, multinodular
architecture, and lack of endosteal erosion.

Fig. 10.12 Enchondromas are frequently formed by multiple nodules (or "islands") of cartilage separated
from one another by bone marrow.
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Genetics
A diploid pattern with low cell proli-
ferative activity is with rare exception
typical of chondromas, as assessed 
by DNA flow cytometric / cytofluoromet-
ric studies and comparative genomic
hybridization {36,1190}. Diploid or 
near-diploid complements with simple
structural abnormalities, particularly
involving chromosomes 6 and 12, 
have been detected by conventional
cytogenetic analysis {265,856,1870,
2105}.

Prognostic factors
Enchondromas are successfully treated
by intralesional curettage in most cases,
and local recurrences are uncommon.
Occasionally, an enchondroma will
recur many years later, and rarely recur
as a low grade chondrosarcoma {411}.

Definition 
Periosteal chondroma is a benign hya-
line cartilage neoplasm of bone surface
that arises from the periosteum.

ICD-O code 9221/0

Synonyms
Juxtacortical chondroma, parosteal
chondroma.

Epidemiology
Periosteal chondromas are much less
common, accounting for less than 2% of
chondromas {270,1874,2155}. They
occur both in children and adults with
equal sex distribution {144,1248,1256}.

Sites of involvement
Periosteal chondromas occur most com-
monly in the long bones. Proximal
humerus is a characteristic location. The
small tubular bones are also common
sites {144,270,1248,1256,2155}.

Clinical features / Imaging
Periosteal chondromas present as palpa-
ble, often painful, masses {144,1248}.
Radiographically, they appear as radiolu-
cent or mineralized bone surface
tumours that form sharply marginated
erosions (or "saucerization") of the cor-
tex. Typically, the underlying cortex is
thickened, and the tumour is bordered
by solid periosteal buttressing. 

Macroscopy
Periosteal chondromas form well-mar-
ginated bone surface tumours. The cor-
tex underlying the tumour is usually
indented and thickened. Solid periosteal
buttressing encloses the tumour on its
sides. Tumours are usually less than 6
cm in greatest dimension {144,1248,
2155}.

Histopathology
Periosteal chondromas have a sharp
margin with the underlying thickened
cortex. They do not penetrate into can-
cellous bone. Although the degree of cel-
lularity and the cytological features are
similar to other chondromas, occasional-
ly periosteal chondromas can be more
cellular and show greater nuclear pleo-
morphism and more binucleation. 

Genetics
One case of periosteal chondroma
exhibited structural changes of the same
band on both chromosome 12 homo-
logues {1323}.

Prognostic factors
Periosteal chondromas have been treated
with intralesional, marginal, and en bloc
excisions, and the recurrence rate is low
regardless of type of surgery {144,1248}.

Definition
Ollier disease is a developmental dis-
order casued by failure of normal
enchondral ossification. There is failure of
normal enchondral ossification. Further-
more, there is production of cartilaginous
masses (enchondromas) in the metaph-
ysis and adjacent regions of the shafts
and flat bones, with varying degrees of
bone deformity. There is predominant uni-
lateral involvement. The multiple enchon-
dromas appear in childhood and there is
a wide spread skeletal involvement.
Maffucci syndrome combines the
features of Ollier disease associated with
angioma of the soft tissue (rarely viscera). 

ICD-O code 9220/1

Synonyms
Multiple chondromatosis, multiple
enchondromatosis, chondrodysplasia,
Ollier disease, Maffucci syndrome.

Epidemiology
Enchondromatosis is rare. On average,
patients are younger than those with soli-
tary tumours, the majority presenting dur-
ing the first two decades of life {2155}. It
has been estimated that chondrosarco-
mas develop by age 40 in approximately
25% of patients with Ollier disease. In
Maffucci syndrome the risk of secondary
malignancy is even higher. Age at pres-
entation is inversely proportional to
severity of disease. Severe cases pres-
ent in early childhood. The sexes are
equally affected.

Sites of involvement
The localization and extent of skeletal
involvement in enchondromatosis varies
greatly among individuals, ranging from
cases limited to multifocal involvement of
a single bone to cases with widespread
lesions and crippling deformation. The
hand is the most common site. Other
common sites are foot, femur, humerus,
and forearm bones. In severe cases, the

Periosteal chondroma

Enchondromatosis
BA

Fig. 10.13  A Enchondromas are typically hypocellular tumors with abundant hyaline cartilage matrix. The
chondrocytes are situated within lacunar spaces, have uniform small round nuclei, and finely granular,
often vacuolated, eosinophilic cytoplasm. B The lesions of enchondromatosis consist of mature hyaline car-
tilage. The chondrocytes are frequently arranged in clusters, as depicted.
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flat bones are also affected. Frequently,
the disease is limited to a single extremi-
ty or to one side of the body. Many cases,
however, have bilateral involvement. In
bilateral disease, one side of the body is
usually more affected than the other.

Clinical features / Imaging
The clinical presentation of enchondro-
matosis depends on the extent of dis-
ease. For example, it can range from a
few small lesions in the hand or foot to
multiple, widely distributed, sizeable
lesions and marked skeletal deformation.
Pathological fractures, limb length dis-
crepancies, and bowing deformities are
common in severe cases. Change in
symptoms and extension beyond the
bony cortex into the adjacent soft tissue
herald the development of chondrosar-
comas in both Ollier disease and
Maffucci syndrome. Malignant transfor-
mation occurs in approximately 25-30%
of cases {269,1274,1901}.
Radiographically, the lesions of enchon-
dromatosis can be radiolucent or miner-
alized, and can be intramedullary or
periosteal in location. Bony expansion is
common. Any part of a tubular bone can
be affected, including the articular carti-
lage and the epiphysis {1469}. However,
the metaphysis is most common.
Radiolucent columns that extend from
the growth plate into the metaphysis are
highly characteristic. In severe cases,
the flat bones, particularly the iliac crest,
can be affected. In Maffucci syndrome,
soft tissue calcifications due to pleboliths
within the haemagiomas can be visu-
alised in radiographs. 

Macroscopy
The gross extent of disease in enchon-
dromatosis is variable. In severe cases,
marked expansion and cortical attenua-
tion can be seen even in large bones.

Histopathology
The microscopic appearance of lesions
in enchondromatosis resembles that
described above. However, they can be
more cellular and cytologically atypical
than typical solitary enchondromas of the
long bones. 

Genetics
A description of molecular alterations
identified in enchondromatosis is includ-
ed within the section on congenital
tumour syndromes (see chapter 21).

Prognostic factors
The prognosis of enchondromatosis
depends upon the extent and severity of
disease. Malignant transformation
occurs in 25-30% of cases, usually as
low grade chondrosarcoma {1274,
1901}. However, high grade sarcomas,
such as osteosarcoma or dedifferentiat-
ed chondrosarcoma {270,1274}, can
also occur. 
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Fig. 10.15 This X-ray is from a 6-year-old boy with
enchondromatosis. Note the following features: 1)
extensive involvement of multiple bones; 2) local-
ization of lesions primarily to the metaphyses, but
also with diaphyseal and epiphyseal involvement;
3) radiolucent columns of dysplastic cartilage that
extend from the growth plate into the metaphysis to
create a fluted pattern, a highly characteristic find-
ing in this disease; 4) bony expansion; 5) punctate
mineralization; 6) bowing deformation; 7) and frac-
ture callus in tibial diaphysis.

Fig. 10.16 The hand is the most common site for
enchondromatosis (Ollier disease). Expansile,
radiolucent and mineralized lesions involve 
multiple metacarpal and phalangeal bones in this
case.

Fig. 10.14  A Although enchondromas can erode the endosteal surface of the cortex, the bone-tumor inter-
face is typically broad without evidence of destructive invasion. B Periosteal chondromas are covered by a
periosteal fibrous membrane.
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Chondroblastoma S.E. Kilpatrick
M. Parisien
J.A. Bridge

Definition 
Chondroblastoma is a benign, cartilage-
producing neoplasm usually arising in
the epiphyses of skeletally immature
patients.

ICD-O code 9230/0

Synonyms
Calcifying giant cell tumour, epiphyseal
chondromatous giant cell tumour.

Epidemiology
Chondroblastoma accounts for less than
1% of all bone tumours. Most patients
are between 10 and 25 years of age at
diagnosis and there is a male predomi-
nance. Patients with skull and temporal
bone involvement tend to present at an
older age (40-50 years) {2147}.

Sites of involvement
Greater than 75% involve the long
bones; the most common anatomic sites
are the epiphyseal and epimetaphyseal
regions of the distal and proximal femur,
proximal tibia, and proximal humerus
{215,2147}. Equivalent sites within flat
bones such as the acetabulum and ilium
are not uncommon. Other unusual but
classic sites of involvement include the
talus, calcaneus, and patella. Within the
craniofacial region, the temporal bone is
most frequently affected. Chondroblas-
tomas almost invariably involve a single
bone but multifocal lesions arising in 2
separate bones have been reported
{1795}.

Clinical features
The vast majority of patients complain of
localized pain, often mild, but sometimes
of many years duration. Soft tissue
swelling, joint stiffness and limitation,
and limp are reported less commonly. A
minority of patients may develop joint
effusion, especially around the knee.
Temporal bone involvement may be
associated with hearing loss, tinnitus,
and/or vertigo {186,2147}. 
Radiologically, chondroblastomas are
typically lytic, centrally or eccentrically

placed, relatively small lesions (3 to 6
cm), occupying less than one half of the
epiphysis and are sharply demarcated,
with or without a thin sclerotic border.
The presence of sclerotic rim, along with
the younger age of the patient, helps to
differentiate chondroblastoma from giant
cell tumour of bone, which generally
lacks a sclerotic border and occurs in
patients older than 20 years. There gen-
erally is no expansion of the bone or
periosteal reaction. However, larger
lesions involving flat bones or small tubu-
lar bones may exhibit a periosteal reac-
tion. Concomitant involvement of the
metaphysis is commonly observed {215,
2147}. Although often helpful, matrix cal-
cifications are only visible in about 1/3 of
patients {2147}. 

Macroscopy
Curetted fragments are tan with areas of
white colourations. The lesions may be
partly cystic.

Histopathology
Histologically, the characteristic cell is a
remarkably uniform, round to polygonal
cell with well defined cytoplasmic bor-
ders, clear to slightly eosinophilic cyto-
plasm and a round to ovoid nucleus
(chondroblasts). The nucleus often dis-
plays clefts or longitudinal grooves and
contains one or more small to inconspic-
uous nucleoli. Chondroblasts are packed
in pseudo-lobulated sheets often show-
ing a pavement-like pattern. Randomly
distributed osteoclast-type giant cells
are almost always present. Variably-
sized nodules of light-staining, amor-
phous, bluish to eosinophilic material
(chondroid) accompany the chondrob-
lasts {993,2147}. Mature, basophilic-
staining, hyaline cartilage is relatively
uncommon. A fine network of pericellular
calcification defines the so called "chick-
en wire calcification" seen in many of
cases. Individual chondroblasts may
exhibit cytological atypia most often rep-
resented by large, hyperchromatic
nuclei; nevertheless, such features do
not adversely affect prognosis {1878,

2015}. Mitoses are observed but atypical
forms are never seen. Aneurysmal bone
cyst-like changes may be found in up to
1/3 of cases {2147}. Ultrastructural stud-
ies reveal deep indentations of the
nuclear membrane and features, such as
abundant rough endoplasmic reticulum
and long cytoplasmic processes, typical
of fetal chondroblasts {2025}.

Immunophenotype
The chondroblasts generally express
S100 protein and vimentin {1493}. The
expression of other antigens has been
reported with cytokeratin being among
the most commonly observed {569,918}. 

Fig. 10.17 Plain X-ray showing a multiloculated, cir-
cumscribed lytic defect with a sclerotic rim involving
the greater trochanter. Involvement of the apophysis,
such as the greater trochanter, is considered analo-
gous to epiphyseal involvement of a long bone and
not uncommon in chondroblastoma.

Fig. 10.18 Plain film radiograph illustrating a multicystic,
well-circumscribed lesion involving the patella.
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Genetics
Flow cytometric studies have revealed
that most chondroblastomas are diploid
with low proliferative fractions, however,
near-diploid aneuploid populations have
been detected in a subset of cases {414,
576,1798,2092}. Clonal abnormalities
have been described in six benign and
one ‘malignant’ chondroblastoma {253,
1333,2068,2184}. The observation of
recurrent structural anomalies involving

chromosomes 5 and 8 suggests that
there may be preferential involvement of
these chromosomes {2068}. Rearrange-
ments of chromosome band 8q21 were
detected exclusively in aggressive chon-
droblastomas {253,2068}. Multiple DNA
aneuploid populations, and immunohis-
tochemical evidence of TP53 mutation
and extensive proliferative activity, were
detected in a malignant chondroblas-
toma {1624}.

Prognostic factors
Between 80-90% of chondroblastomas
are successfully treated by simple curet-
tage with bone grafting. Local recurrence
rates range between 14-18% and occur
usually within two years {215,1878,
2015,2147}. Likely the result of anatomic
localization and difficulties of surgical
extirpation, temporal bone lesions may
recur in up to 50% of cases {186}. Huvos
et al. {993} documented a higher recur-
rence rate among chondroblastomas
with a concomitant aneurysmal bone
cyst component; however, others have
not observed this association {2015,
2147}. The rare development of pul-
monary metastases in histologically
benign chondroblastoma is well docu-
mented {833,1788,2282}. However,
these metastases are clinically non-pro-
gressive and can often be satisfactorily
treated by surgical resection and/or sim-
ple observation {1788}. Unfortunately,
there are no reliable histological parame-
ters capable of predicting more aggres-
sive behaviour. The existence of a true
"malignant" variant of chondroblastoma is
controversial and many investigators
propose that most such tumours repre-
sent postradiation sarcomas or simply
misdiagnoses {2147}.
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Fig. 10.19  A Chondroblastoma with sheets of mostly uniform-appearing chondroblasts and numerous randomly-distributed osteoclast type giant cells.
B Cytologically, the individual chondroblasts are round to polygonal with sharply defined cytoplasmic borders, round to ovoid nuclei, and occasional small nucleoli.
Nuclear grooves and indentations are frequently seen.

Fig. 10.20 G-banded karyotype of a chondroblastoma with the karyotype: 47,XY,+5,t(5;5)(p10;p10).
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Definition 
Chondromyxoid fibroma is a benign
tumour characterized by lobules of spin-
dle shaped or stellate cells with abun-
dant myxoid or chondroid intercellular
material.

ICD-O code 9241/0

Epidemiology 
Chondromyxoid fibroma is one of the
least common tumours of bone, compris-
ing less than 1% of bone tumours and
less than 2% of benign bone tumours
{2155}. It comprises 2.3% and 2.4% of
cartilaginous tumours in children and
adults, respectively {1625}, and occurs
in males more often than females {781,
2300}. This tumour presents most fre-
quently in the second and third decades
of life {644,2300}. 

Sites of involvement 
Chondromyxoid fibroma occurs in almost
any osseous site. It is most frequent in
the long bones, most often the proximal
tibia (the most common site) and the dis-
tal femur. Approximately 25% of cases
occur in the flat bones, mainly the ilium.
The bones of the feet are also involved,
especially the metatarsals. Other sites of
involvement include the ribs, vertebrae,
skull and facial bones, and tubular bones
of the hand. 

Clinical features / Imaging 
Pain is the most common symptom, usu-
ally mild and sometimes present for sev-
eral years {644,1748}. Swelling is noted
infrequently, more often in tumours of the
bones of the hands and feet. Lesions of
the rib or ilium may be discovered as
incidental radiological findings {2345}. 
Chondromyxoid fibroma in a long bone is
typically a metaphyseal, eccentric,
sharply marginated oval zone of rarefac-
tion with attenuation and expansion of
one cortex. The longtitudinal axis of the
lesion corresponds to that of the involved
bone, and the size ranges from 1 to 10
cm with an average of 3 cm {988}. In the
small bones, fusiform expansion of the

entire bone is typical. Trabeculations,
scalloped borders, and sclerotic rims are
common. Most lesions are entirely lucent;
approximately 10% may show focal cal-
cified matrix, more often detectable with
computed tomography scans. There may
be cortical destruction and extension into

soft tissues, but the adjacent periosteum
is typically intact {1748}. Rarely, contigu-
ous bones are affected {282} or the
tumour is juxtacortical {1329}. Soft tissue
extension is best demonstrated with
magnetic resonance image studies
{1301}.

Macroscopy 
Gross features of chondrodromyxoid
fibroma include an expansile bluish,
grey, or white tumour, without necrosis,
cystic change, or liquefaction. Typical
hyaline cartilage is not present. In flat

bones, the tumour is multilobulated and
well demarcated from the surrounding
bone. The scalloped margins corre-
spond to the trabeculations or septations
noted with radiological studies. In rare
soft tissue implants, the gross features
are identical to the intraosseous tumours.

M.L. Ostrowski
H.J. Spjut
J.A. Bridge

Chondromyxoid fibroma

Fig. 10.21 Proximal tibial chondromyxoid fibroma
in a 14-year-old boy. This lytic lesion exhibits
sharply circumscribed and sclerotic borders with
scalloping.

Fig. 10.22 Chondromyxoid fibroma of the third
metacarpal. The lytic and fusiform tumour has
greatly expanded the bone, typical for location in
the small tubular bones of the foot.

Fig. 10.23 Chondromyxoid fibroma of the ilium. Note
the yellow-grey relatively uniform lesion, with sharply
demarcated borders and expansion of the bone.
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Histopathology 
Chondromyxoid fibroma shows a variety
of histological features that are nonethe-
less quite distinct. The tumour is typical-
ly sharply demarcated from the sur-
rounding bone. Rarely there is entrap-
ment of surrounding bone trabeculae by
tumour, or lobules of tumour may be sep-
arate from the main lesion. 
The classic features include a lobular
pattern with stellate or spindle-shaped
cells in a myxoid background {1876}.
Occasionally, a more vague lobular pat-
tern is present. Lobules demonstrate
hypocellular centres and hypercellular
peripheries.
Individual cells within lobules have oval
to spindled nuclei and indistinct to
densely eosinophillic cytoplasm. Cyto-
plasmic extensions, often bipolar or mul-
tipolar, are frequent. Enlarged, hyper-
chromatic and pleomorphic nuclei are
noted in 20-30% of cases. These fea-
tures may suggest malignancy, but they
are usually focal and associated with
voluminous cytoplasm as well, some-
times with smudgy or degenerative fea-
tures, similar to ancient schwannoma
{109,2155}. Microscopic cystic or lique-
factive change is uncommon and usually
focal when present. Hyaline cartilage is
present in 19% of cases {2300}.
Calcification when present is usually
coarse and occurs more frequently in
tumours from patients over 40 years of
age and in flat bone tumours {2315}.
Mitoses are uncommon {644,2300}; atyp-
ical mitoses have not been noted.
Osteoclast like giant cells are often pres-
ent at the lobular peripheries. There may
be haemosiderin deposition in these
regions as well, and inflammatory cells,
usually lymphocytes. Aneurysmal bone
cyst areas are noted in approximately
10% of long and flat bone lesions {2300}. 

B CA
Fig. 10.26 Chondromyxoid fibroma. A This lesion shows more nuclear atypia than the typical case, with densely cellular areas at the periphery of the lobules. B Focal
coarse calcification. Note that these elements surround hyaline cartilage. C Moderate nuclear enlargement is present in these cells, and the eosinophillic cyto-
plasmic processes are prominent.
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Fig. 10.24 Chondromyxoid fibroma. Subtle microlobular pattern. Note the myxoid regions among which cells are
situated in a sieve-like pattern. The spindle cells show eosinophillic cytoplasm.

Fig. 10.25 Chondromyxoid fibroma. Cellular regions with giant cells are present peripheral to the lobules.
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Immunophenotype 
S100 protein has been reported in
chondromyxoid fibroma {213,2345}.
Immuno-reactivity for smooth muscle
actin, muscle actin and CD34 has been
noted in regions peripheral to the lob-
ules, but not elsewhere in these
tumours {1558}.

Ultrastucture 
Ultrastructurally, the stellate cells have
irregular cell processes, scalloped cell
membranes, cytoplasmic fibrils and
glycogen, features of both chondrob-
lastic and fibroblastic differentiation
{1930, 2162}. Cells with classic features
of chondrocytes, those with myofibrob-
lastic features, and intermediate forms
have been described in chondromyxoid
fibroma {1558}.

Genetics
Cytogenetic studies are limited; howev-
er, clonal abnormalities of chromosome
6 appear to be non-random {828,870,
1836,1870,2082}. In particular, rearran-

gements of the long arm of chromo-
some 6 at bands q13 and q25 are
recurrent. Expression analysis of matrix
components, particularly of collagens,

can serve as marker systems for cell
differentiation patterns in mesenchymal
neoplasms {22,2174}. An examination
of the matrix composition and gene
expression pattern in chondromyxoid
fibroma has shown pronounced expres-
sion of hydrated proteoglycans (major
constituent of the myxoid matrix) and
focal expression of collagen type II (a
marker of chondrocytic cell differentia-
tion) as well as collagen types I, III, and
VI {1980}. Importantly, this unique bio-
chemical composition and gene
expression pattern in chondromyxoid
fibroma has not been detected in other
mesenchymal neoplasms, including
chondroblastoma, osteochondroma,
enchondroma and chondrosarcoma
{1980}.

Prognostic factors
The prognosis for this tumour is excel-
lent, even with recurrence, including
soft tissues which occurs in approxi-
mately 15% of cases treated with curet-
tage and bone grafting.

Fig. 10.27 A Partial G-banded karyotype of a chon-
dromyxoid fibroma exhibiting structural rearrange-
ment of 6q, a nonrandom finding in this neoplasm. 
B Spectral karyotypic image of the derivative chro-
mosomes in the translocation presented in part A.
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Synovial chondromatosis M.V. Miller
A. King
F. Mertens

Definition
Synovial chondromatosis is a benign
nodular cartilaginous proliferation arising
in the synovium of joints, bursae or ten-
don sheaths.

Synonyms
Synovial osteochondromatosis, primary
synovial chondromatosis, synovial chon-
drometaplasia.

Epidemiology
Synovial chondromatosis is an uncom-
mon condition, usually occurring in
adults, twice as commonly in males {643}.

Sites of involvement 
Usually only one joint is involved, most
often the knee, less commonly the hip,
elbow, wrist, ankle, shoulder or temporo-
mandibular joint. 

Clinical features / Imaging
Symptoms, where present, are non-spe-
cific including recurrent pain, swelling,
stiffness or joint locking. Rarely the lesion
presents as a painless soft tissue mass
adjacent to a joint. Radiography may be
negative except for effusion, unless there
is calcification or ossification of the nod-
ules. Magnetic resonance imaging
demonstrates the cartilaginous or ossific
nodules within the joint.

Macroscopy
Lesional tissue consists of multiple glis-
tening blue/white ovoid bodies or nod-
ules within synovial tissue, from less than
a millimeter to several centimeters.

Histopathology
The nodules are of variably cellular hya-
line cartilage covered by a fine fibrous
layer, and sometimes by synovial lining
cells. The chondrocytes are clustered,
may have plump nuclei with moderate
nuclear pleomorphism and binucleate
cells are common. Mitoses are uncom-
mon. There may be ossification, some-
times with fatty marrow in intertrabecular
spaces.

Genetics
Cytogenetic analyses have disclosed
clonal chromosome aberrations in six
tumours, all affecting the knee {1426,
1906,2082}. All cases had near-diploid
or pseudo-diploid karyotypes, with three
showing only simple numerical changes

(-X, -Y, and +5, respectively). Among the
three cases with structural aberrations,
all displayed rearrangement of the
bands 1p13-p22.

Prognostic factors
Synovial chondromatosis is self-limiting
but may recur locally after excision or
incomplete synovectomy, especially in
the early phase of the disease.
Damage to the joint surfaces may result
in secondary degenerative joint disease.
Bone erosion with cranial extension from
a temporomandibular joint lesion has
been reported {1069}.
Chondrosarcoma may uncommonly
develop from synovial chondromatosis
{454}. A long clinical history of joint
symptoms leading to intractable pain
may indicate malignant transformation.

Fig. 10.28 Synovial chondromatosis. A Plain radio-
graph showing small ossific loose bodies in the axil-
lary recess, biceps sheath and subscapularis recess
of the shoulder joint. B Fat suppressed T2 weighted
axial MRI of the same patient showing low signal
ossific nodules (arrows) in shoulder joint, biceps
sheath and subscapsularis recess, surrounded by
bright fluid.
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Fig. 10.29 Synovial chondromatosis. A Nodules of
cartilage with clustered chondrocytes. B Cartila-
ginous nodule covered by synovial lining cells.
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Chondrosarcoma F. Bertoni
P. Bacchini 
P.C.W. Hogendoorn

Definition 
Chondrosarcoma (CHS) is a malignant
tumour with pure hyaline cartilage differ-
entiation. Myxoid changes, calcification
or ossification may be present. The term
CHS is used to describe a heteroge-
neous group of lesions with diverse mor-
phologic features and clinical behaviour.
This section will deal with primary, sec-
ondary and periosteal CHS.

ICD-O codes
Chondrosarcoma 9220/3
Periosteal chondrosarcoma 9221/3

Primary CHS (or conventional CHS) aris-
es centrally in a previously normal bone
and the previous definition is pertinent to
all primary CHS.

Epidemiology 
Primary CHS accounts for approximately
20% of malignant bone tumours in one
large series {2155}. It is the third most
common primary malignancy of bone
after myeloma and osteosarcoma. In the
total group of CHS more than 90% are pri-
mary (conventional) type.

Age and sex
Primary CHS is a tumour of adulthood and
old age. The majority of patients are older
than 50 years. The peak incidence is in
the fifth to seventh decades of life.
There is a slight preference for male
patients.

Sites of involvement
The most common skeletal sites are the
bones of the pelvis (the ilium is the most
frequently involved bone) followed by the
proximal femur, proximal humerus, distal
femur and ribs. Approximately three-
fourths of the tumours occur in the trunk
and upper ends of the femur and
humerus. The small bones of the hands
and feet are rarely involved by primary
CHS (1% of all CHS). Chondrosarcoma is
extremely rare in the spine and craniofa-
cial bones.

Clinical features / Imaging
Local swelling and pain, alone or in com-
bination, are significant presenting symp-
toms. The symptoms are usually of long
duration (several months or years). 
Radiographic findings are very important
in the diagnosis of cartilaginous tumours.
In the long bones primary CHS occur in
the metaphysis or diaphysis were they
produce fusiform expansion with cortical
thickening of the bone. They present as
an area of radiolucency with variably dis-
tributed punctate or ring-like opacities
(mineralization). Cortical erosion or
destruction is usually present. The cortex
is often thickened but periosteal reaction
is scant or absent. 
MRI can be helpful in delineating the
extent of the tumour and establishing the
presence of soft tissue extension. 
CT scans aid in demonstrating matrix cal-
cification.

Macroscopy 
The cut surfaces of CHS tend to have a
translucent, blue-grey or white colour cor-
responding to the presence of hyaline
cartilage. A lobular growth pattern is a
consistent finding. There may be zones
containing myxoid or mucoid material and

cystic areas. Yellow-white, chalky areas of
calcium deposit are commonly present
(mineralization). Erosion and destruction
of the cortex with extension into soft tissue
may be present expecially in CHS of the
flat bones (pelvis, scapula and sternum).

Histopathology
At low magnification CHS shows abun-
dant blue-grey cartilage matrix produc-
tion. Irregularly shaped lobules of 
cartilage varying in size and shape are
present. These lobules may be separa-
ted by fibrous bands or permeate bony
trabeculae.

Fig. 10.31 Expansion of the cortical contour and en-
dosteal involvement is detected. A MRI and (B) CT:
the lesion is extensively involving the femoral shaft.
Cartilage matrix calcification is present on CT along
with cortical destruction and soft tissue extension.

A

B

Fig. 10.30 A 56-year-old male with left thigh pain of
2 years duration and swelling for 2 months. Plain X-
ray: extensive osteolysis of the left proximal femur.

Primary Chondrosarcoma
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Chondrosarcomas are hypercellular
when compared to an enchondroma. It
may vary from field to field, however, the
overall picture should be one of
increased cellularity. The chondrocytes
are atypical varying in size and shape
and contain enlarged, hyperchromatic
nuclei. The extent of atypia is usually
mild to moderate. Binucleation is fre-
quently seen. Permeation of cortical
and/or medullary bone is an important
characteristic of CHS that can be used
to separate it from enchondroma. In
some enchondromas, nodules of carti-
lage may be found in the marrow cavity
separate from the main tumour mass.
This differs from true permeation of host
bone where the tumour fills up the mar-
row cavity entrapping pre-existing bony
trabeculae or invades through cortical
bone into soft tissue. Myxoid changes or
chondroid matrix liquefaction is a com-
mon feature of chondrosarcomas.
Necrosis and mitoses can be seen in
chondrosarcoma, particularly in high
grade lesions.
It is important to stress that the histolog-
ical guidelines used for a diagnosis of
CHS in a small bone of the hand and foot
are different. Increased cellularity, binu-
cleated cells, hyperchromasia and myx-
oid change may all be present in
enchondroma in this location. The most
significant histological feature of CHS
involving the small bones is permeation
through the cortex into soft tissue and a
permeative pattern in the cancellous
bone.
Grading is important in CHS. Several
studies have confirmed its usefulness in
predicting histological behaviour and
prognosis: there are several grading
systems. Chondrosarcomas are graded
on a scale of 1-3. The grading is based
primarily on nuclear size, nuclear stain-
ing (hyperchromasia) and cellularity
{624}.
Grade 1: Tumours are moderately cellu-
lar and contain hyperchromatic plump
nuclei of uniform size. Occasionally bin-
ucleated cells are present. The cytology
is very similar to enchondroma.
Grade 2: Tumours are more cellular and
contain a greater degree of nuclear atyp-
ia, hyperchromasia and nuclear size.
Grade 3 lesions are more cellular and
pleomorphic and atypical than grade 2.
Mitoses are easily detected.
The vast majority of primary CHS are
grade 1 or 2. Rarely grade 3 CHS are

reported. Bjornsson et al. {208} review-
ing 338 patients with CHS of pelvis,
shoulder and tubular bones found that
61% were grade 1, 36% were grade 2,
and 3% were grade 3. 

Prognostic factors
Several histological parameters are
associated with increased risk of recur-
rence and metastasis including grade,
tumour necrosis, mitotic count and myx-
oid tumour matrix. Analysed in a multi-

variate fashion, histological grade is the
single most important predictor of local
recurrence and metastasis {208}. The
five-year survival is 89% for patients with
grade 1, the combined group of patients
with grade 2 and 3 have a five-year sur-
vival of 53%. Approximately 10% of
tumours that recur have an increase in
the degree of malignancy. Occasionally
in chondrosarcomas there is the coexis-
tence of various histological grades in
the same tumour. 

Fig. 10.32 Chondrosarcoma. The surgical specimen. The proximal femur and the femoral shaft with bulging
in the proximal shaft. Side by side: bisected tumour and X-ray of surgical specimen. The lesion has thick-
ened the cortex or irregularly eroded it. Discrete punctate opacities predominate.
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Fig. 10.33 Chondrosarcoma. Note the permeation of the cartilaginous cells between preexisting bony tra-
beculae. The lesion is very cellular and has pleomorphic appearance of grade 2 central chondrosarcoma.

bb5_17.qxd  13.9.2006  11:31  Page 248



Definition 
Periosteal chondrosarcoma is a malig-
nant hyaline cartilage tumour, which
occurs on the surface of bone.

Synonym
Juxtacortical chondrosarcoma.

Epidemiology
In the SEER data, only 3 of 667 chon-
drosarcoma were classified as
periosteal {538}. The tumour occurs in
adults.

Sites of involvement
The metaphyses of long bones are
involved, especially the distal femur.

Clinical features / Imaging 
Patients present with pain with or without
swelling. The lesion appears to involve

the cortex with indistinct margins. It is
generally larger than periosteal chondro-
ma (more than 5 cm) It is a radiolucent
lesion with punctate radiodensity (calcifi-
cation) It is covered by elevated perios-
teum and it is pasted on the cortical bone
showing variable erosion of it.

Macroscopy
A large (more than 5 cm) lobulated mass
is attached to bone surface. On the cut
section a lucent glistening appearance is
often associated with gritty white areas of
enchondral ossification and calcification.

Histopathology
Histological features are similar to that of
conventional chondrosarcoma. Nodules
of tumour invade surrounding soft tissues.

Definition
Secondary chondrosarcoma is a chon-
drosarcoma arising in a benign precur-
sor, either an osteochondroma or
enchondroma

ICD-O code 9220/3

Epidemiology
There are no reliable figures about 
risk of developing chondrosarcoma in
the benign precursors which are fre-
quently asymptomatic. Information avail-
able is from surgical series which intro-
duces a selection bias. The risk for chon-
drosarcoma in solitary osteochondroma

Secondary chondrosarcoma

B CA
Fig. 10.34 A Grade 1 chondrosarcoma: Few cells with no variation in size and shape (the cytology is indistinguishable from that of enchondroma). B Grade  2 chon-
drosarcoma is characterized by hypercellularity. The cells show variation in size and shape. Extensive myxoid component. C Grade 3 chondrosarcoma: High cellu-
larity, with prominent pleomorphic appearance and atypia. Mitotic figures are present.

Fig. 10.36 Chondrosarcoma of metatarsal bone. Lobular cartilage permeating in between host trabeculae is
present (Grade 2 central chondrosarcoma).

Fig. 10.35 Chondrosarcoma of metatarsal bone.
Plain X-ray and CT show alteration of the bone
contour and calcification.

Periosteal chondrosarcoma
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has been reported to be 2% and that for
osteochondromatosis 5-25% {538}. It is 
difficult to prove malignant transforma-
tion in enchondromas. Patients with
Ollier disease and Maffucci syndrome
have a 25-30% risk of developing 
chondrosarcoma {269, 1274, 1901}.
Patients are generally younger than
patients with primary chondrosarcoma.

Sites of involvement
Any portion of the skeleton may be
involved. However, the pelvic and shoul-
der girdle bones are more frequently
affected.

Clinical features / Imaging
A change in clinical symptoms in a
patient with a known precursor lesion
heralds the development of chondrosar-
coma. Sudden pain or increase in
swelling are frequent complaints.
In osteochondromas, plain roentgeno-
grams show irregular mineralization and
increased thickness of the cartilage
cap. In preexisting chondromas, des-
tructive permeation of bone and devel-
opment of a soft tissue mass are seen.
CT and MRI are helpful in delineating
the thickness of the cartilage cap and
presence of cortical destruction and soft
tissue mass.

Macroscopy
Chondrosarcomas secondary to osteo-
chondroma show a thick (more than 2
cm) lobulated cartilage cap. The carti-
lage usually shows cystic cavities.
Chondrosarcoma arising in chondro-
matosis is usually very myxoid and
hence appears mucoid. The tissue
"runs" when sectioned leaving behind
cystic cavities. This contrasts with the
solid blue matrix of the areas of chon-
dromatosis.

Histopathology
Secondary chondrosarcomas are gener-
ally low grade tumors. Invasion of sur-
rounding tissues and marked myxoid
change in the matrix are helpful features.

Prognostic factors
Patients with chondrosarcoma and
osteochondromas have excellent prog-
nosis. Chondrosarcoma in enchondro-
matosis has the same prognosis as
conventional chondrosarcoma and
depends on the site and grade of the
tumour.

The secondary chondrosarcoma in these
conditions is characterized histologically
by increased cellularity and nuclear
atypia in comparison to the enchondro-
ma of Ollier and Maffucci diseases. In
these two conditions the histology of

enchondromas is characterized by
hypercellularity and nuclear atypia. So
the differential diagnosis between
enchondroma and grade 1 CHS on cytol-
ogy is difficult. The diagnosis needs to
be supported by the radiographic and
clinical background.

Genetics
The cytogenetic data on chondrosarco-
mas are heterogeneous with karyotypic

Fig. 10.37 Periosteal chondrosarcoma. X-ray
shows the lesion arising on the bone surface with
multilobular appearance.

Fig. 10.38 Periosteal chondrosarcoma. Gross fea-
tures and the X-ray of the surgical specimen from
the partial cortex resection of the lesion.
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BA
Fig. 10.39  A Periosteal chondrosarcoma. On low power the cartilage lesion is pasted on the cortex.
B High power view: highly cellular and pleomorphic cartilaginous cells with the cytologic features of grade
2 chondrosarcoma.

Secondary chondrosarcoma in
Ollier disease and Maffucci 
syndrome

BA
Fig.10.40  A,B Secondary chondrosarcoma in Maffucci syndrome. Multiple cartilaginous masses involve
bones of the hand and are associated with soft tissue angioma. In the proximal humerus the enchondroma
enlarged in size and had the radiographic features of chondrosarcoma.
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complexity ranging from single numerical
or structural chromosomal aberrations to
heavily rearranged karyotypes. In most
cytogenetic reports in the literature, how-
ever, no strict distinction between pri-
mary conventional, secondary peripheral
and periosteal chondrosarcomas is
made, resulting in the description of
many non-specific structural or numeri-
cal aberrations. Although no recurrent
structural aberrations are described in
these studies, the pattern of changes
tends to be nonrandom {253,1315,
2082}. Total or partial gains and losses
predominate, and the most common
imbalances are loss of chromo-
somes/chromosome segments 1p36,
1p13-22, 4, 5q13-31, 6q22-qter, 9p22-
pter, 10p, 10q24-qter, 11p13-pter,
11q25, 13q21-qter, 14q24-qter, 18p,
18q22-qter, and 22q13, and gain of
7p13-pter, 12q15-qter, 19, 20pter-q11,
21q {1315}. Loss of material from 13q
was found to be an independent predic-
tor of metastasis development, regard-
less of tumour grade or size {1315}. 
Recent studies have indicated that pri-
mary conventional and secondary
peripheral (arising within the cartilagi-
nous cap of a preexisting osteochondro-
ma) chondrosarcomas may differ in their
genetic make up, as reflected by a clear
difference in the loss of heterozygosity
(LOH) pattern, LOH incidence, DNA
ploidy status and cytogenetic aberra-
tions {236,240}. Primary conventional
chondrosarcomas are characterized by
peridiploidy with limited LOH, often
affecting the 9p12-22 region, whereas

secondary peripheral chondrosarcomas
are characterized by genetic instability, a
high percentage of LOH and a broad
range of DNA ploidy. Trisomy 22 was only
detected in primary conventional 
chondrosarcomas {240}. 
Also comparative genomic hybridization
studies point to deletions of 9p {1220}.
The CDKN2A tumour suppressor gene
(P16) is a potential target for the dele-
tions in this region. Mutations have not
been documented so far {91,236}, but
CDKN2A methylation has been 
detected in a substantial number of 
chondrosarcomas {91}. 

Primary conventional chondrosarcomas
and enchondromas have been found to
occur in high association with the
development of breast cancer at early
age, not associated with previously rec-
ognized breast cancer syndromes
{1595}. Recently, one somatic and one
germline mutation in the gene encoding
the PTH/PTHrP type I receptor were
identified in a subset of patients with
Ollier disease {968). 
Cytogenetic data on periosteal chon-
drosarcoma are limited to two cases.
No shared breakpoints were found
{240}.

Fig. 10.42 Multistep molecular genetic model for peripheral secondary chondrosarcoma tumourigenesis.

BA
Fig. 10.41 Chondrosarcoma in a patient with multiple osteochondromas. A Plain X-radiograph and surgical specimen of the tumour of right proximal fibula:  Note the
thickness of the cartilaginous cap and flaring of the cortex (macro) and the fuzzy indistinct margins with irregular mineralization visible on X-ray. B Discrete periph-
eral nodules of cartilage are embedded in the soft tissue at the periphery of the lesion. These features explain the irregular margins and the possibility of local recur-
rence when the lesion is resected with inadequate  surgical margins.
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Definition
Dedifferentiated chondrosarcoma is a
distinct variety of chondrosarcoma 
containing two clearly defined com-
ponents, a well differentiated cartilage
tumour, either an enchodroma or a 
low grade chondrosarcoma, juxta-
posed to a high grade noncartilaginous
sarcoma. There is a histologically
abrupt transition between the two com-
ponents.

ICD-O code 9243/0

Synonym
Chondrosarcoma with additional mes-
enchymal component.

Epidemiology
Dedifferentiated chondrosarcoma
makes up 10% of all reported chon-
drosarcomas. The average age of pres-
entation is between 50 and 60 years,
and the age range 29 to 85 years. 

Sites of involvement
The most common sites of involvement
are pelvis, femur and humerus. 

Clinical features / Imaging
The most common presenting symp-
tom is pain, however, swelling, pares-
thesia and pathological fractures are
also common. The tumour usually pro-
duces an ill defined, lytic, intraosseous
lesion often associated with cortical
perforation and extraosseous exten-
sion. The pre-existing cartilaginous
portion, which may show the ring-like
densities seen in enchondromas or
other radiologic findings of cartilagi-
nous matrix, is sharply distinct from the 
lytic permeable and destructive com-
ponent.

Macroscopy
Typically, both tumour components,
cartilaginous and noncartilaginous, are
grossly evident in varying proportions.

The blue-grey lobulated low grade 
cartilaginous component is usually
located centrally, while the overgrowth
and expanded fleshy or haemorrhagic
higher grade component is predomi-
nantly extraosseous.

Histopathology
The cartilaginous component is usually
a low grade chondrosarcoma. Ma-
lignant fibrous histiocytoma is the 
most frequent pattern reported in 
the high grade sarcoma component;
however, osteosarcoma, fibrosarcoma
and rhabdomyosarcoma are also
encountered. There is abrupt demarca-
tion between the two components. 

Genetics
Cytogenetic data available at present
justify a conclusion that no specific
aberrations seem to be associated 
with dedifferentiated chondrosarcoma
{240,254,1315,1592,1631,1870,2067,
2093,2334} Structural and numeri-
cal aberrations are most frequently 
reported for chromosomes 1 and 9.
The non-uniform karyotype is reflec-
ting the wide variety of histology of the
"dedifferentiated" part. Based upon
mutation analysis of TP53, it was 

S. Milchgrub
P.C.W. Hogendoorn

Dedifferentiated chondrosarcoma

Fig. 10.44 MRI of dedifferentiated chondrosarcoma
of proximal femur. In addition to large areas of
destruction in the medullary cavity, there is a large
soft tissue mass medially.

Fig. 10.43 Dedifferentiated chondrosarcoma. A The distal portion of the tumour has the typical mineralization
of a cartilage tumour, whereas the proximal part is lytic and destructive appearing. B There is a central area of
calcification associated with large areas of lysis.

BA
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shown that both components – sharing
identical and uncommon TP53 muta-
tions – have a common origin, though
the apparent numerous additional
genetic differences suggest an early
division of the two cell clones {237}.
Support for this concept comes from
combined cytogenetic and immuno-
phenotypic analyses, showing numeri-
cal aberrations of chromosome 7 in
both components {254}. When consid-
ering two subtypes of dedifferentiated
chondrosarcoma, i.e., the classical
type with a low grade chondroid 
component and a second type with 
a more high grade chondrosarcoma-
tous component next to the "dedifferen-
tiated component", the model presen-
ted might not be entirely satisfying 
for both subtypes {23}. This view is 
supported by studies on the immuno-
histochemical and ultrastructural levels,
as well as based on growth rates of
both components. As molecular data 

on these subtypes separately and 
more specifically the first mentioned
subtype are lacking, the suggestion of
two subtypes of dedifferentiated chon-
drosarcoma with two different genetic
routes for tumourigenesis remains
speculative.

Prognostic factors
Dedifferentiated chondrosarcomas are
aggressive neoplasms and have a 
dismal prognosis. Despite aggressive
therapy, approximately 90% of patients
are dead, with distant metastasis within
two years.

BA
Fig. 10.45 A Dedifferentiated chondrosarcoma of proximal femur. The medullary part has the appearance of
cartilage tumour, whereas a soft tissue mass is fleshy. B Dedifferentiated chondrosarcoma of proximal
humerus with cartilaginous areas juxtaposed to fleshy, sarcomatous areas.

DC

BA

Fig. 10.46 Dedifferentiated chondrosarcoma. A Transition between well differentiated or benign-looking cartilaginous tumor and highly anaplastic spindle cell and pleo-
morphic sarcoma is abrupt without morphologic continuity. B In this lesion, the high grade component has a slightly epithelioid appearance.C Cartilaginous portion of ded-
ifferentiated chondrosarcoma. There is minimal cytological atypia. D Dedifferentiated portion presents as markedly atypical spindle cells with matrix formation.

253Dedifferentiated chondrosarcoma
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Fig. 10.47 Multistep model of tumourigenesis of dedifferentiated chondrosarcoma (adapted from J.V
Bovee et al. {237}). Genetic analysis provides evidence for a monoclonal origin of both parts, sharing
identical genetic alterations. The presence of multiple additional alterations suggest early separation of
the cartilaginous and "dedifferentiated" clone.

Fig. 10.48 Dedifferentiated chondrosarcoma. ATypical
example with low grade chondrosarcoma juxtaposed
to a high grade spindle cell sarcoma. B The low grade
chondrosarcoma (left) is juxtaposed to a spindle cell
sarcoma with bone formation.

A

B
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Definition
Mesenchymal chondrosarcoma is a rare
malignant tumour characterized by a
bimorphic pattern that is composed of
highly undifferentiated small round cells
and islands of well differentiated hyaline
cartilage.

ICD-O code 9240/3

Epidemiology
Mesenchymal chondrosarcoma makes
up less than 3 to 10 percent of all primary
chondrosarcomas. Although occurring at
any age, the peak incidence is in the
second and the third decades. Males
and females are affected equally {310,
421,994,1533,1881}.

Sites of involvement
The skeletal tumours show a widespread
distribution. The craniofacial bones
(especially the jawbones) {1276,2197},
the ribs, the ilium, and the vertebrae are
the most common sites {182,891,1364}.

Patients with involvement of multiple
bones are reported {1533}. Approxi-
mately one-fifth to one-third of the lesions
primarily affect the somatic soft tissues
{182,891,1023,1364,2061} and the
meninges are one of the most common
sites of extraskeletal involvement {1824,
1881}.

Clinical features / Imaging
The cardinal symptoms are pain and
swelling ranging from few days to sever-
al years, frequently more than one year in
duration {182,849,891,1364}. Oncogenic
osteomalacia secondary to mesenchy-
mal chondrosarcoma has been reported
{2353}.
Radiologically, skeletal lesions are prima-
rily lytic and destructive with poor mar-
gins, not significantly differing from ordi-
nary chondrosarcoma in most cases.
Mottled calcification is sometimes promi-
nent. Some have well defined margins
with a sclerotic rim. Expansion of the
bone is frequent, and cortical destruction

or cortical breakthrough with extra-
osseous extension of soft tissue is com-
mon. Bony sclerosis, cortical thickening,
and superficial involvement of the bone
surface are also seen. Imaging features
of extraskeletal tumours are also nonspe-
cific, showing chondroid-type calcifica-
tions and foci of low signal intensity with-
in enhancing lobules {1927}.

Macroscopy
The tumours are grey-white to grey-pink,
firm to soft, and usually well defined, cir-
cumscribed masses varying from 3 to 30
cm in maximum diameter {994,1533}.
Lobulation is rare. Most lesions contain
hard mineralized deposits that vary from
dispersed foci to prominent areas. Some
tumours show a clearly cartilaginous
appearance, even in a small section.
Foci of necrosis and haemorrhage may
be prominent. As evidenced on X-rays,
bony expansion with cortical thinning or,
more commonly, bone destruction and
invasion of soft tissue is frequent.

Histopathology
The typical biphasic pattern is com-
posed of undifferentiated small round
cells admixed with islands of hyaline car-
tilage. The amount of cartilage is highly
variable. The cartilage may be distinct

Y. Nakashima
Y.K. Park
O. Sugano

Mesenchymal chondrosarcoma

Fig. 10.50 MRI shows a fairly extensive soft tissue
mass attached to the cortex.

Fig. 10.49 Mesenchymal chondrosarcoma of the surface of the femur. There is a calcifying neoplasm involv-
ing predominantly the cortex and soft tissue. A Plain X-ray. B CT.

BA
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from the undifferentiated component or
blend gradually with it. In the undifferen-
tiated areas, the small round cells typi-
cally simulate Ewing sarcoma, and a
haemangiopericytomatous vascular pat-
tern is common. The small cells may be
spindle-shaped to some extent.
Osteoclast-like multinucleated giant cells

may occasionally be seen, and osteoid
and even bone may be present. 

Immunophenotype
Immunohistological studies {508, 513,
827, 958, 1844, 2064} of mesenchymal
chondrosarcoma are not specifically
helpful in the differential diagnosis
among small round cell lesions. The
small cell component of mesenchymal
chondrosarcomas are positive for
vimentin, Leu7 {508,2064}, and CD99
{827,958} making differentiation from
Ewing sarcoma difficult, whereas cells in
the chondroid areas are positive for S100
protein {508, 958, 2064}.  

Ultrastructure
The biphasic nature of neoplastic cells
was demonstrated electron microscopi-
cally {182,529,727,1342,1358,2026}. In
cartilaginous foci, the cells show a chon-
drocyte-like appearance, as is seen in
conventional chondrosarcoma, and in
the undifferentiated small cell areas, uni-
form sheets of round to oval cells with lit-
tle intercellular matrix are similar to prim-
itive mesenchymal cells.

Genetics
Only few cases of mesenchymal chon-
drosarcoma with chromosome aberra-
tions have been reported {1477}. The
observed changes have varied from a
pseudodiploid karyotype with a bal-
anced translocations as the sole aberra-
tion {1787} to highly complex karyotypes

with more than 150 chromosomes and
multiple numerical and structural
rearrangements {529}. In two cases, a
Robertsonian 13;21 translocation was
detected {1542}. The 11;22 translocation
of the Ewing family of tumours is not seen
in mesenchymal chondrosarcoma.
In an immunohistochemical study,
nuclear positivity for the TP53 protein
was observed in 22-64% of the tumour
cells, with positive staining in mesenchy-
mal as well as chondroid components
{1659}. PCR analysis revealed that
approximately one-fifth of the cases had
significantly reduced expression of TP53.
However, no mutations resulting in amino
acid substitution were found within exons
5-9 of the gene {1659}. Molecular analy-
sis of the CDKN2A tumour suppressor
gene revealed low expression levels in
7/33 cases, but single strand conforma-
tion polymorphism analysis of the entire
coding region did not disclose any muta-
tions {108}. 

Prognostic factors
Mesenchymal chondrosarcoma is a
highly malignant tumour with a strong
tendency toward local recurrence and
distant metastasis which are observed
even after a delay of more than 20 years
{1533}. The clinical course is frequently
protracted and relentless, making long-
term follow up mandatory. Mesenchymal
chondrosarcoma of the jaw bones
appears to have a more indolent course
than those in other anatomic sites {2197}.

Fig. 10.51 Gross specimen of mesenchymal chon-
drosarcoma of the surface of the femur, showing a
reasonably well-demarcated lesion involving the
cortex and soft tissues.

BA
Fig. 10.52 Mesenchymal chondrosarcoma. A The small cells suggest a diagnosis of Ewing sarcoma. However, the presence of cartilage rules it out. B High power
appearance of the small cell malignancy with a haemangiopericytomatous pattern.
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Definition
Clear cell chondrosarcoma is a rare, low
grade variant of chondrosarcoma, which
predilects the epiphyseal ends of long
bones. It is characterized histologically
by bland clear cells in addition to hyaline
cartilage.

ICD-O code 9242/3

Epidemiology
Clear cell chondrosarcoma comprises
approximately 2% of all chondrosarco-
mas {1724}.
Men are almost three times more likely to
develop clear cell chondrosarcoma than

women. The reported age range is 12 to
84 {209,1014}. However, most patients
are between ages 25 and 50.

Sites of involvement
Most bones in the skeleton have been
reported to be involved by clear cell
chondrosarcoma, including skull, spine,
hands, and feet. However, approximately
two thirds of lesions occur in the humeral
head or femoral head.

Clinical features / Imaging
Pain is the most common presenting
symptom. Fifty five percent of patients
had pain for longer than a year. In some
patients (18%) symptoms were present
longer than 5 years {209}. On occasion,
the patient may have an elevated alkaline
phosphatase {268}.
Radiographically, clear cell chondrosar-
coma usually presents as a well defined
lytic lesion in the epiphysis of a long
bone. Occasionally, a sclerotic rim may
be present. Some lesions may contain
stippled radiodensities characteristic of
cartilage. This radiographic appearance
overlaps with that of chondroblastoma.

Macroscopy
Lesions range from 2 to 13 cm in maxi-
mum diameter. They contain soft but grit-

ty material, sometimes with cystic areas.
Gross features characteristic of cartilage
are not usually present. 

Histopathology
The neoplasm consists primarily of lobu-
lar groups of cells with round, large, cen-
trally located nuclei with clear cyto-
plasms and distinct cytoplasmic mem-
branes. Some cells have a pale pink
cytoplasm and resemble the chondrob-
lasts of chondroblastoma. Multinucleat-
ed osteoclast-like giant cells may also
be present. Mitotic figures are rare.
Many lesions also contain zones of con-
ventional low grade chondrosarcoma
with hyaline cartilage and minimally
atypical nuclei. This cartilage may be
focally calcified or ossified. Woven bone
may form directly in the stroma, and
areas of aneurysmal bone cyst are often
present.

Immunophenotype
The clear cells and chondroblastoma-like
cells are strongly positive for S100 pro-
tein and type II collagen. 

Genetics
Only an isolated case report on the kary-
otype is available {2019}. CDKN2A alter-
ations appear to be infrequent {1657}.

E.F. McCarthy
A. Freemont
P.C.W. Hogendoorn

Clear cell chondrosarcoma

Fig. 10.53 Clear cell chondrosarcoma. X-ray showing
a well defined lytic lesion in the femoral head. There
is a thin sclerotic rim. The radiographic image is
strongly suggestive of chondroblastoma.

BA
Fig. 10.54 Clear cell chondrosarcoma. A Low power photomicrograph showing sheets of clear cell admixed with seams of woven bone. B 1557 Sheets of clear cells with
areas of mature hyaline cartilage.

257Clear cell chondrosarcoma 
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Prognostic factors
En bloc excision with clear margins usu-
ally results in cure. However, marginal
excision or curettage provides unaccept-
able results with an 86% recurrence rate.
In these incompletely excised cases,
metastases, usually to the lungs and
other skeletal sites, may develop, and
the overall mortality rate in these cases is
15%. Dedifferentiation to high grade sar-
coma has been reported in three cases
{1054}.

BA
10.55 Clear cell chondrosarcoma. A Photomicrograph showing multinucleated giant cells associated with
chondroid nodules. B High power photomicrograph of typical clear cells. A few osteoclast-like giant cells are
present.
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CHAPTER 11

Osteogenic Tumours

Osteogenic tumours are defined as neoplasms that produce an
osteoid or bony matrix. According to their biological behaviour,
they are divided into benign and malignant lesions. Benign
bone-forming neoplasms very rarely undergo malignant trans-
formation. Osteomas are not considered neoplasms and, there-
fore, are not included in this volume.

Osteoid osteomas and osteoblastomas share many clinical and
roentgenographical similarities. They cause severe pain which,
however, is effectively alleviated by aspirin.

Osteosarcomas are the most frequent bone tumours and are
almost always highly malignant. Most arise in the long bones of
children without a recognizable precursor lesion, but about 15%
arise in adults secondary to a pre-existing condition, such as
Paget disease. Although all osteosarcomas produce osteoid or
bone, they represent different entities based on clinical,
roentgenographic, or histological features. Advances in the clin-
ical management of osteosarcomas have lead to a significant
increase in 5-year survival rates, which in most centres now
exceed 50%.
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Osteoid osteoma M.J. Klein 
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Definition
Osteoid osteoma is a benign bone-form-
ing tumour characterized by small size,
limited growth potential and dispropor-
tionate pain. 

ICD-O code 9191/0

Epidemiology 
Osteoid osteoma usually affects children
and adolescents, although it is occasion-
ally seen in older individuals. It is more
common in males.

Sites of involvement 
Osteiod osteoma has been reported in
virtually every bone except for the ster-
num, but it is most common in the long
bones, particularly in the proximal femur.

Clinical features / Imaging 
The usual presenting complaint is pain.
The pain, at first intermittent and mild
with nocturnal exacerbation, eventually
becomes relentless to the point of inter-
fering with sleep. On the other hand, it is
characteristic for salicylates and non-
steroidal anti-inflammatory drugs to com-
pletely relieve the pain for hours at a
time. Patients usually have become
aware of this prior to seeking treatment,
and about 80% report this characteristic
feature {922}. 
On physical examination, there is often
an area of exquisite, very localized ten-
derness associated with the lesion, and
there may be redness and localized
swelling. There are sometimes unusual
clinical manifestations that are site
dependent. When lesions are located at
the very end of a long bone, patients
may present with swelling and effusion of
the nearest joint. When osteoid osteoma
arises in the spine, it usually affects the
neural arch, and patients may present
with painful scoliosis due to spasm of the
spinal muscles {1126}. When the tumour
occurs in the fingers, the persistent soft
tissue swelling and periosteal reactions
may result in functional loss that leads to
numerous surgeries, large en-bloc exci-
sions {1983} and even ray amputations.

Osteoid osteoma near or within joints
may cause a reactive and inflammatory
arthritis that can result in secondary
osteoarthritis and in ectopic ossification
{1579,2078}.
On plain films, the lesion is characterized
by dense cortical sclerosis surrounding
a radiolucent nidus. The cortical sclero-
sis may be so pronounced that the
dense bone obscures the lesion. In those
uncommon cases in which the centre of
the lesion has ossified, the lesion can
appear like a target, demonstrating cen-
tral sclerosis within an area of circum-
scribed radiolucency. When plain x-rays
demonstrate dense cortical sclerosis,
particularly if it is eccentric and fusiform,
osteoid osteoma should be suspected.
The area containing the actual tumour
may be visualised with a Technetium-99
bone scan if it can not be seen on a plain
radiograph. Atypical and even mislead-
ing radiographic findings may be associ-
ated with osteoid osteomas in certain
locations. Subperiosteal osteoid osteo-
ma may produce a misleading degree of
periostitis, while surface osteoid osteo-
mas arising within joints may be virtually
invisible on plain radiographs {1923}.
The best imaging study to demonstrate
osteoid osteoma is a CT scan {93}. The
CT scan must be performed using bone
windows, and it is essential to prepare
the actual slices at 1 mm intervals rather
than at conventional 5 mm or 1 cm inter-
vals. The reason is that the standard CT
slices may very easily cut above and
below a small lesion. MRI may be useful
in demonstrating medullary or periarticu-
lar lesions and peritumoural oedema
{2014}.

Macroscopy
Osteoid osteoma is a small cortically
based, red, gritty or granular round
lesion surrounded by (and sharply cir-
cumscribed from) ivory white sclerotic
bone.

Histopathology
Osteoid osteoma has a limited growth
potential. Even though it may be present

in a patient for several years, the lesion
seldom exceeds 1 cm in greatest diame-
ter. In fact, the term osteoblastoma is
usually applied if a lesion of identical his-
tology exceeds 2 cm in diameter; the
implication is that lesions of this size are
not limited in growth potential. 
The tumour consists of a central area of
vascularised connective tissue within
which differentiating osteoblasts are

Fig. 11.01 A Osteoid osteoma of proximal femoral
diaphysis, presenting on X-ray as dense, continuous
fusiform sclerosis of the medial femoral cortex
(arrows). B CT of the same lesion shows a circular
radiolucency (nidus) in the outer portion of the thick-
ened medial cortex.

A

B
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engaged in the production of osteoid and
sometimes of bone. If actual bone is pres-
ent, osteoclasts may also be seen
engaged in remodelling, but the essential
feature in the central portion of the lesion,
or nidus {1024}, is the presence of differ-
entiated osteoblastic activity. The osteoid
may be microscopically disposed in a
sheet-like configuration, but very often it is
organized into microtrabecular arrays that

are lined by plump appositional
osteoblasts. It is this latter feature that
helps to distinguish its pattern of bone for-
mation from osteosarcoma. Additionally,
nuclear pleomorphism is absent in
osteoid osteoma. Cartilage is usually
absent in osteoid osteoma. Surrounding
the tumour, there is almost always an area
of hypervascular sclerotic bone. This
osteosclerosis tends to be more pro-
nounced as lesions become closer to the
bone surface and less pronounced in
medullary lesions. The interface between
osteoid osteoma and the surrounding
reactive bone is very abrupt and circum-
scribed. When it can be demonstrated
histologically, this interface provides very
strong histological evidence of indolent
local behaviour.
Even when the interface between tumour

and reactive bone is not demonstrable in
sections, the diagnosis becomes appar-
ent by correlating the histological find-
ings with satisfactorily prepared imaging
studies.

Genetics
Only three osteoid osteomas, all with
near-diploid karyotypes, have been
described. In two cases each, involve-
ment of chromosome band 22q13 and
loss of the distal part of chromosome arm
17q were detected {136}.

Prognostic factors
The prognosis of osteoid osteoma is
excellent. Recurrences are rare. Some
lesions have been reported to have dis-
appeared despite the lack of surgical
therapy.

Fig. 11.02 Osteoid osteoma. A The lateral X-ray
shows a radiolucent nidus with an unusual radio-
dense centre just medial to the olecranon fossa of
the humerus. The surrounding bone demonstrates
very dense reactive sclerosis. B On the CT scan, the
target-shaped centrally dense nidus is very clear.

A

B

BA

DC
Fig. 11.03 Osteoid osteoma. A Grossly, the nidus is 5mm in diameter and has a hypervascular zone within the
surrounding sclerotic cortex. B Very sharp circumscription of nidus near cortical surface showing dense cor-
tex to the right and reactive neocortex above, below, and to the left of the lesion. C The histology of an unde-
calcified section from the centrally dense nidus shows interconnected, ossified bone trabeculae.
D Clear ossification of osteoid trabeculae is seen (dark blue) as well as appositional osteoblast activity.

bb5_18.qxd  13.9.2006  11:34  Page 261



Definitions 
Osteoblastoma is a rare benign bone
forming neoplasm which produces woven
bone spicules, which are bordered by
prominent osteoblasts. 

ICD-O code 9200/0

Synonyms
Ossifying giant cell tumour, giant osteoid
osteoma {427}.

Epidemiology
Osteoblastoma is rare, accounting for
about 1% of all bone tumours and is
more common in males (2.5:1) and
affects patients in the age range of 10-30
years, with extremes of 5–70 years old. It
is a disease of male teenagers and
young adults.

Sites of involvement
Osteoblastoma is one of the few neo-
plasms that predilects for the spine, par-
ticularly the posterior elements, and the
sacrum (40–55% of cases). In the appen-
dicular sites, the proximal femur, distal
femur and proximal tibia are the most fre-
quent. Osteoblastoma less commonly
involves the tarsal bones (talus and cal-
caneous). The cementoblastoma of the
jaws is considered an osteoblastoma
and is attached to the root of a tooth, par-
ticularly the lower molars, and therefore
the jaws are also common sites. The vast
majority of cases are intra-osseous
(medullary) but a small percentage can
occur on the surface of the bone in a
periosteal (peripheral) site.

Clinical features
Osteoblastoma of the spine has similar
symptoms and signs to that of osteoid
osteoma namely back pain, scoliosis and
nerve root compression {1547}. Jaw
lesions produce tooth pain and/or
swelling. The appendicular tumours also
produce pain and/or swelling but these
symptoms may be vague enough to last
for months before the patient will see a
clinician. Aspirin does not relieve the
pain after prolonged therapy.

Imaging
An osteoblastoma is generally a lytic well
circumscribed oval or round defect
almost always confined by a periosteal
shell of reactive bone. In the spine such
an X-ray pattern gives rise to an aneurys-
mal bone cyst-like (ABC) picture. Limb
tumours are metaphysical lytic defects
with a thin periosteal bone shell. Large
tumours also produce ABC – like
changes. Some tumours may arise in a
subperiosteal location but are still con-
fined by a thin reactive bone shell. Most
osteoblastomas are totally lytic and less
than 30% may have focal areas of calci-
fication indicative of tumour bone miner-
alisation {1292}.
The size of osteoblastomas varies from
small (2-3 cm) to enormous dimensions
of 15 cm or more. Most are in the 3–10
cm range. In those cases with secondary
ABC changes, the tumours are generally
larger.

Macroscopy
Osteoblastoma has an extremely rich
vascular supply and, therefore, it is red or
red brown and often with a gritty or sand-
paper consistency due to the tumour
bone. The tumour is usually round to oval
with a thinned cortex and always with a
thin periosteal reactive bone shell if the
cortex is destroyed. In cystic lesions,
blood-filled spaces simulating an ABC
are prominent. The border between the
tumour and medullary cavity is sharp,
often with some reactive bone. The
tumour has a "pushing" border rather
than a permeative or infiltrative border
against the endosteal cortical surface
and trabecular bone of the marrow.

Histopathology
Osteoblastoma has identical histological
features to osteoid osteoma {720,1022}.
The tumour is composed of woven bone
spicules or trabeculae. These spicules
are haphazardly or chaotically arranged
and are lined by a single layer of
osteoblasts. The vascularity is rich, often
with extravagated red blood cells.
Osteoblasts may have mitoses but they

are not atypical. Diffusely scattered
osteoclast-type multinucleated giant
cells are often present which may mimic
giant cell tumour. In very rare cases, hya-
line cartilage may be present and may
represent micro callus formation. In some
cases, the tumour woven bone may be in
aggregates or nodules and in such
cases careful scrutiny must be done to
exclude osteosarcoma.
In some cases the tumour may have foci
of large blood filled spaces which are not
lined by endothelial cells. The walls of
such spaces are composed of fibrovas-
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Osteoblastoma

Fig. 11.04 A Osteoblastoma. Expanded radiolucent
lesion of lesser trochanter in a 22 year-old male.
B CT scan of same osteoblastoma showing a thin
intact rim of encasing periosteal new bone.
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cular tissue with longer woven bone
spicules usually in a parallel arrange-
ment indicating reactive bone rather than
tumour bone. Such foci are indistinguish-
able from an ABC and therefore more
typical foci should be sought to confirm
the diagnosis of osteoblastoma. 
The pathologist, especially in large
tumours, should definitely sample the
border between pre-existing cortex or
marrow trabeculae. Osteoblastomas do
not infiltrate and isolate pre-existing
lamellar bone structures as does
osteosarcoma.
In some cases of osteoblastoma large,
plump osteoblasts with a prominent

nucleus and nucleoli, some with mitoses,
may be present. The term epithelioid
osteoblastoma has been used for this
{541,1089}.

Genetics
Chromosomal rearrangements have
been described in four cases, with chro-
mosome numbers ranging from
hypodiploid to hyperdiploid {443,1348,
1743}. No consistent aberration has
been detected among them. In compari-
son with osteosarcomas, the total num-
ber of genetic alterations is rather low in
osteoblastomas {1743}. Nevertheless,
there are some hints that cell cycle dys-
regulation is correlated with the aggres-
sive potential of these tumours. MDM2
amplification was reported in one case
{1743}, and TP53 deletion at a splice
region was demonstrated in an aggres-
sive osteoblastoma {1184}. In accor-
dance with the mostly benign character

of osteoblastomas, they do not show
telomerase activity {1100}, Overexpres-
sion of the hepatocyte growth factor
receptor (MET/HGF receptor), a trans-
membrane tyrosine kinase encoded by
the MET protooncogene, has been
detected by PCR but not by Western
blotting {653}. Serial analysis of the  DNA
content in one case of aggressive
osteoblastoma showed that the appear-
ance of aneuploidy could be demonstrat-
ed before malignancy was morphologi-
cally evident {824}.

Prognostic factors
Osteoblastoma should be treated by
curettage. Large lesions may have to be
excised. The prognosis is excellent and
recurrences are unusual and more likely
in those cases, which were curetted from
a bone, which has difficult surgical
access.

Fig. 11.06 Osteoblastoma. Excised specimen of
femoral lesion showing a well-demarcated fleshy
tumour.

Fig. 11.05 Osteoblastoma. Plain X-ray of large
expansile lesion of cervical vertebra.

BA
Fig. 11.08 Osteoblastoma. A Irregular osteoid, osteoblasts and giant cells, ectactic blood vessels and a reactive shell of periosteal new bone. B Classic osteoblastoma
which is indistinguishable from an osteoid osteoma with small irregular islands of osteoid, osteoblasts and osteoclast-like giant cells and blood vessels.
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Fig. 11.07 Osteoblastoma. The centre of the tumour
shows vascularity and irregular osteoid with
osteoblasts and giant cells.
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Definition
Conventional osteosarcoma is a primary
intramedullary high grade malignant
tumour in which the neoplastic cells pro-
duce osteoid, even if only in small
amounts.

ICD-O codes
Osteosarcoma,

not otherwise specified 9180/3
Chondroblastic osteosarcoma 9181/3
Fibroblastic osteosarcoma, 

osteofibrosarcoma 9182/3
Central osteosarcoma, 

conventional central osteosarcoma, 
medullary osteosarcoma 9180/3

Intracortical osteosarcoma 9195/3

Synonyms
Conventional osteosarcoma, classical
osteosarcoma, osteogenic sarcoma,
osteosarcoma not otherwise specified,
osteochondrosarcoma, osteoblastic sar-
coma, chondroblastic osteosarcoma,
fibroblastic osteosarcoma, osteofibrosar-
coma, central osteosarcoma, central
osteogenic sarcoma, conventional cen-
tral osteosarcoma, medullary osteosar-
coma, sclerosing osteosarcoma.

Epidemiology
Osteosarcoma is the most common, non-
haemopoietic, primary malignant tumour of
bone; estimated incidence of 4-5 per mil-
lion population. There does not appear to
be significant association with ethnic group
or race. Conventional osteosarcoma is
largely a disease of the young {537}. It
most frequently occurs in the second
decade with some 60% of patients under
the age of 25 years. Although 30% of
osteosarcomas occur in patients over 40
years of age, the possibility of a predispos-
ing condition should always be considered
in older patients (e.g., Paget disease of
bone, post-radiation sarcoma) {986,988}.
Conventional osteosarcoma affects males
more frequently than females in a ratio of
3:2. This gender selection is even more
pronounced in patients under 20 years of
age and tends to become less dramatic
with increasing age.

Sites of involvement
Conventional osteosarcoma shows a
profound propensity for involvement of
the long bones of the appendicular
skeleton; in particular, the distal femur,
proximal tibia, and proximal humerus. It
tends to be a disease of the metaphysis
(91%) or diaphysis (<9%). Primary
involvement of the epiphyses is extraor-
dinarily rare {1765}. Although the long
bones remain the most frequent sites of
primary conventional osteosarcoma, the
relative incidence in non-long bone (i.e.,
jaws, pelvis, spine, and skull) involve-
ment tends to increase with age.
Osteosarcoma arising in bones distal to
the wrists and ankles is extremely unusu-
al {1472,1601}. Because of unusual clini-
cal factors, imaging features, histological
findings and/or unique treatment prob-
lems, tumours arising in certain sites
(e.g., jaws, skull, spine, pelvis, intra-cor-
tical, multicentric, and skip metastases)

deserve special consideration {586,670,
857,995,1165,1196,1310,1578,1852,
1943,2113,2189}.

Clinical features / Imaging
Symptoms generally develop over a peri-
od of weeks to a few months. Early symp-
toms may wax and wane and thereby be
difficult to interpret; eventually, they
become unremitting. Although relatively
non-specific, pain, with or without a pal-
pable mass, is the cardinal symptom of
conventional osteosarcoma. Pain is usu-
ally described as deep, boring and
severe. 
Findings on physical examination may
be limited to a painful, tender mass.
Other findings may include: decreased
range of motion, limitation of normal
function, oedema, localized warmth,
telangectasias and bruit on auscultation.
A sudden dramatic increase in tumour
size is generally attributable to second-
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Conventional osteosarcoma

Fig. 11.09 Osteosarcoma presenting as mixed lytic
/ blastic lesion involving the distal femoral metaph-
ysis of a skeletally immature patient. The radioden-
sity pattern is "cumulus cloud-like".

Fig. 11.10 Osteoblastic osteosarcoma with sun-
burst configuration involving the proximal tibial dia-
physis. Such a location makes a patient a relative-
ly ideal candidate for limb-sparing surgery.

264 Osteogenic tumours

bb5_18.qxd  13.9.2006  11:34  Page 264



ary changes such as intra-lesional haem-
orrhage. Pathological fracture occurs in
5-10% of patients. Laboratory findings
are limited, although elevation of certain
serum markers (e.g., alkaline phos-
phatase and lactic acid dehydrogenase)
may be present and have been used to
monitor disease status.
The overall radiographic appearance of
conventional osteosarcoma is extremely
variable. It may be purely osteoblastic or
osteolytic {505}. In most cases, it is a
mixed lytic/blastic lesion accompanied

by cortical destruction and tumour exten-
sion into soft tissue. Tumours tend to be
eccentric and the linear growth within the
medullary cavity tends to stay ahead of
its soft tissue counterpart. Rarely, non-
contiguous intra-medullary growth within
the parent bone or across adjacent joints
may take place (i.e., "skip metastases")
{586}. Soft tissue masses tend to be vari-
ably mineralized with the least calcifica-
tion at the periphery. Tumour / periosteal
interaction may lead to a variety of mani-
festations secondary to periosteal eleva-
tion (e.g., Codman's triangle) and perio-
steal reactive bone formation {538, 988}.
Although involvement of true soft tissue
eventually occurs, the radiographic soft
tissue masses are frequently confined
beneath the periosteum until late in dis-
ease evolution. 
CT scan and MRI may be helpful in delin-
eating the extent of the tumour preopera-
tively. {789,1378,1614,1768}. The latter

studies are of paramount importance
now that most patients have a potential
for limb-salvage. 
Tm99 radionuclide bone scan, may pro-
vide information regarding skip-metas-
tases, multicentricity and systemic dis-
ease. Although not universally employed,
the arteriogram can provide information
pertaining to tumour response, or lack of
response, to preoperative therapy. Osteo-
sarcoma is a hypervascular lesion, with
response to preoperative chemotherapy
there is a decrease and elimination of
tumour neovascularity {308,1183,1764}. 

Aetiology
The precise aetiology of conventional
osteosarcoma remains unknown.
Although a history of trauma is frequently
elicited, it is felt that trauma draws atten-
tion to the tumour rather than causing it.
Paget disease of bone and radiation
exposure have long been associated
with an increased incidence of osteosar-
coma {883,2263}. Although a wide vari-
ety of other tumours (e.g., osteoblas-
toma, osteochondroma, and fibrous dys-
plasia) and non-neoplastic conditions
(e.g., osteomyelitis, and metal endopros-
thesis implantation) have been linked
with osteosarcoma, the extreme rarity of
these associations suggests that any
cause-and-effect relationship is tenuous
{271,1164,1822}.

Macroscopy
Osteosarcoma is often a large (over 5
cm), metaphyseally centered, fleshy or
hard tumour which may contain cartilage.
It frequently transgresses the cortex and
is associated with a soft tissue mass. 
Some osteoblastic osteosarcomas may
appear grey-tan and randomly granular
(pumice-like), while others become
denser, sclerotic and more yellow-white.
Chondroblastic osteosarcomas tend to
be white to tan, and variably calcified
with a fish-flesh or rope-like cut surface. 

Histopathology
As a sarcoma, conventional osteosarco-
ma is frequently referred to as a "spindle-
cell" tumour; a reference which over-sim-
plifies its cytological appearance. It
tends to be a highly anaplastic, pleomor-
phic tumour in which the tumour cells
may be: epithelioid, plasmacytoid,
fusiform, ovoid, small round cells, clear
cells, mono- or multinucleated giant
cells, or, spindle cells. Most cases are

complex mixtures of two or more of these
cell types.
The diagnosis of osteosarcoma is predi-
cated on the accurate identification of
osteoid. Histologically, osteoid is a
dense, pink, amorphous intercellular
material, which may appear somewhat
refractile. It must be distinguished from
other eosinophilic extra-cellular materials
such as fibrin and amyloid. Unequivocal
discrimination between osteoid and non-
osseous collagen may be difficult, and at
times somewhat arbitrary. Non-osseous
collagen tends to be linear, fibrillar, and
compresses between neoplastic cells. In
contrast, osteoid is curvilinear with small
nubs, arborisation, and, what appears to
be abortive, lacunae formation. The
thickness of the osteoid is highly variable
with the thinnest referred to as "filigree"
osteoid. Osseous matrix also has a pre-
disposition for appositional deposition
upon previously existing normal bone
trabeculae (i.e., "scaffolding"). When
neoplastic cells are confined within large
amounts of bone matrix, they frequently
appear as small, pyknotic, minimally
atypical cells, a feature referred to as
"normalisaton." An under-appreciated
architectural feature is the tendency for
conventional osteosarcoma to grow in an
angiocentric fashion which imparts an
overall "basket-weave" or "cording" pat-
tern to the tumour. 
Conventional osteosarcoma can also
produce varying amounts of cartilage
and/or fibrous tissue. Many investigators
further subdivide conventional osteosar-
coma in terms of the predominant matrix
{426,430,1764,1857,2155}. The algo-
rithm is: identify the presence or absence
of matrix and, if significant matrix is pres-
ent, determine the matrix form. This sys-
tem divides conventional osteosarcoma
into three major subtypes: osteoblastic
(50%), chondroblastic (25%), and fibrob-
lastic (25%) osteosarcoma. Classification
is a function of the primary tumour. There
is a tendency for metastases to mimic the
primary, but exceptions are frequent and
there is a higher-than-expected inci-
dence of fibroblastic differentiation in
metastases.

Osteoblastic osteosarcoma
Bone and/or osteoid are the predominant
matrix in osteoblastic osteosarcoma. The
extremes of matrix production are thin,
arborising osteoid (i.e., filigree) to dense,
compact osteoid and bone (i.e., sclerotic).

Fig. 11.11 Osteosarcoma. MRI, T1 weighted image.
Decreased intramedullary signal intensity corre-
sponds to area of pathology. Care must be taken not
to over-interpret images; superimposed reactive
changes (e.g., oedema, inflammation) may lead to an
overestimation of the extent of tumour.
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Chondroblastic osteosarcoma
Chondroid matrix is predominant in
chondroblastic osteosarcoma. It tends to
be high grade hyaline cartilage, which is
intimately associated, and randomly
mixed, with non-chondroid elements.
Myxoid and other forms of cartilage are
uncommon, except in the jaws and
pelvis. Grossly, an overt chondroid
appearance is rare. This is probably sec-
ondary to the cartilage component being
less well-formed, high grade, and mixing
with non-chondroid elements resulting in
a lack of large areas of pure chondroid
differentiation and its attendant blue-grey
lobulated appearance.

Fibroblastic osteosarcoma
A high grade spindle-cell malignancy
with only minimal amounts of osseous
matrix with or without cartilage is the hall-
mark of fibroblastic osteosarcoma. In
general, the overall histological appear-
ance is similar to fibrosarcoma or malig-
nant fibrous histiocytoma. However, its
loose definition (i.e., minimal matrix)
makes fibroblastic osteosarcoma a de
facto default classification. 
There are many additional unusual mor-
phological forms of osteosarcoma (Table
11.01), but lacking unique biological
properties, they are merely considered
forms or subtypes of the three major

groups {116,139,990,1166,1765, 1877,
2133}. In many cases the lack of signifi-
cant amounts of osteoid, bone or carti-
lage relegates them to subtypes of
fibroblastic osteosarcoma. 
Historically, there has been little, if any,
prognostic significance to such subtyp-
ing of conventional osteosarcoma.
Rather, it has been an arguably artificial
method of imparting some order to con-
ventional osteosarcoma. However, recent
data appear to indicate that there are
some predictable survival differences
between subtypes when contemporary
multi-disciplinary therapy is employed
{909}.

B CA
Fig. 11.15 Osteoblastic osteosarcoma. A Osteoid and bone. Osteoid is unmineralized bone matrix that is eosinophilic, dense, homogeneous and curvilinear and
becomes bone as a result of mineralization (blue areas). B Filigree osteoid comprises thin, randomly arborizing lines of osteoid interweaving between neoplastic
cells. C Osteoid seams may be flat and thick.
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Fig. 11.12 Osteosarcoma. X-ray shows an ill
defined radioopaque lesion involving the distal
metaphysis and epiphysis with a hint of additional
pathology in the more proximal femoral diaphysis.

Fig. 11.13 Osteosarcoma. Surgical specimen
demonstrating the presence of both primary tumour
in the distal and skip metastases involving more
proximal part of the femur.

Fig. 11.14 Osteosarcoma. Tm99 bone scan.  There
is significant concentration of isotope at the pri-
mary lesion. Also, a second, discontinuous lesion is
shown within the more proximal diaphysis.
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Management and interpretation of the
post-chemotherapy, operative specimen
is of critical importance since it yields an
important prognostic determinant:
response to pre-operative chemotherapy
{1704,1763,1764}. The tumour-bearing
bone is cut in the longitudinal axis in the
plane that will demonstrate the greatest
volume of tumour. The resulting cut-sur-
face is sectioned and completely submit-
ted (i.e., "mapped"). The orientation of
these sections can be recorded by a

number of techniques (i.e., specimen
X-ray, and photocopy). Additional "non-
mapped" sections from suspect areas
should also be submitted for histological
analysis. Response to therapy is record-
ed in terms of "tumour necrosis." The hall-
mark of osteosarcoma tumour necrosis is
the absence of neoplastic cells (so-
called "cell drop-out") in the face of resid-
ual tumour-produced matrix. Loose gran-
ulation tissue, fibrosis, and small num-
bers of inflammatory elements replace

the cellular component of the tumour.
The results of this analysis is generally
reported in terms of percent tumour
necrosis {988,1704,1764,2205,2292}.

Immunophenotype
The absence of reproducible evidence of
specific findings minimises the use of
both immunohistochemistry and electron
microscopy in osteosarcoma {650,817,
893,1613,1666,2272}. In both cases their
primary utility lies in their ability to
exclude other diagnostic possibilities
such as metastatic sarcomatoid carcino-
ma, and synovial sarcoma. Certain
potential pitfalls exist. Osteosarcoma
may be immunoreactive for cytokeratin
and is frequently immunoreactive with
antibodies to smooth muscle actin.
Osteosarcoma usually has diffuse mod-
erate to strong intra-cytoplasmic staining
for CD99. Osteocalcin and osteonectin
have sometimes been used to highlight
osteoid.

Genetics
Cytogenetics
Most, if not all, osteosarcomas contain
clonal chromosomal aberrations. The
aberrations are complex, comprising an
abundance of numerical and structural
alterations {191,263,688,965,1428, 2090}.
The modal chromosome number is highly
variable. Multiple clones are common and
may be related or unrelated. Diploid
ploidy pattern by DNA cytofluorometry
has been reported to be a poor prognos-
tic sign {1191}.
Although no specific translocation or any
other diagnostically consequential struc-
tural alteration has been assigned to

Fig. 11.17 Osteoblastic osteosarcoma is typically a
radioopaque lesion, which may be purely blastic or
mixed lytic / blastic. The tumour involves the metadia-
physeal region of the distal femur of a skeletally imma-
ture boy and has an overall "sunburst" configuration.

Fig. 11.18 Osteoblastic osteosarcoma presenting
as dense, granular to sclerotic grossly bone-produc-
ing lesion. Note the deposition of tumour-produced
bone on previously existing matrix and the well
defined matrix within the soft tissues.

BA
Fig. 11.16 Osteosarcoma. A Frequently occurring angiocentric pattern of growth may impart a basket-weave appearance while combined with abundant osteoid pro-
duction. B Appositional osteoid/bone deposition of matrix onto previously existing normal bone trabeculum, a feature referred to as "scaffolding."
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conventional osteosarcoma, involve-
ment of certain chromosomal regions is
recurrent. Chromosomal regions 1p11-
13, 1q11-12, 1q21-22, 11p14-15,
14p11-13, 15p11-13, 17p and 19q13
are most frequently affected by structur-
al changes, and the most common
imbalances are +1, -6q, -9, -10, -13, and
-17 {220,263}. Homogenously staining
regions (hsr) and double minutes
(dmin), cytogenetic manifestations of
gene amplification, are frequently seen
in conventional osteosarcomas {1404}.

DNA copy numbers
Comparative genomic hybridization
analysis reveals that chromosomal
regions 3q26, 4q12-13, 5p13-14, 7q31-
32, 8q21-23, 12q12-13, 12q14-15, and
17p11-12 are most frequently gained
{1404,2033,2091}. Gain of 8q23 is seen
in 50% of tumours {2033} and seems to
be a sign of poor prognosis {2089}.
Increased copy number of the MYC
gene localized to 8q24 was detected by
fluorescence in situ hybridization (FISH)
in 44% of cases {2033}. The 17p ampli-
con is intriguing as it is rarely seen in
other tumour types. The most frequent
losses are seen at 2q, 6q, 8p, and 10p
{1146, 2091}.

Loss of heterozygosity (LOH)
Chromosome arms 3q, 13q, 17p, and
18q are most frequently involved in LOH
{1179}. As the incidence of LOH is high
at 3q26.6-26.3, this area has been sug-
gested to harbour a putative suppressor
gene {1179}.

Molecular genetics
Target genes of recurrent amplifications
Amplifications at 1q21-23 and at 17p
are frequent findings in conventional
osteo-sarcoma {1146}. Several genes
have been reported to be involved in the
1q21-23 amplicon {708,1435}. Similarly,
a variety of genes in the 12q13-15
region are co-amplified {172,711,
1098,1490,1607,1796,1975,2095,
2329}. MDM2 {1205, 1607} and PRIM1
{2329} amplifications have been detect-
ed in 14-27% and 41% of osteosarcoma
cases, respectively. In aggressive
osteosarcomas CDK4 is most consis-
tently amplified, alone or together with
MDM2 {171,710,1307}. The amplifica-
tion and overexpression patterns of
CDK4, SAS, and MDM2 appear to differ
from those in parosteal osteosarcoma
{2305}. Recently, it was shown by FISH
analysis that sequences, including
CCND2, ETV6, and KRAS2, at 12p and
MDM2 at 12q were differently amplified
in low grade osteosarcomas (parosteal
osteosarcoma) and high grade
osteosarcomas {796}. Amplifications at
12p were seen in 1/5 low grade
osteosarcomas in contrast to 9/19 high
grade osteosarcomas.

Gene expression
Overexpression of MET {652,1804} and
FOS {2302} has been reported in more

than 50% of osteosarcoma cases,
whereas MYC is overexpressed in less
than 15% of cases {130,1208}. MYC,
FOS, and cathepsin L have been shown
to be overexpressed in a high propor-
tion of relapsed tumours and metas-
tases {761, 1655}. Bone morphogenetic
protein-6 and bone morphogenetic

Fig. 11.19 Osteosarcoma. The infiltrative quality of
the tumour becomes apparent on closer inspection
of the gross specimen. Also note thickening of pre-
existing bone trabeculae caused by appositional
deposition of matrix by the tumour.

Fig. 11.20 Chondroblastic osteosarcoma. CT shows
a mixed lytic / blastic lesion with evidence of ring-like
(i.e., chondroid) calcifications.

Table 11.01

- Osteoblastic osteosarcoma - sclerosing type

- Osteosarcoma resembling osteoblastoma

- Chondromyxoid fibroma-like osteosarcoma

- Chondroblastoma-like osteosarcoma

- Clear-cell osteosarcoma

- Malignant fibrous histiocytoma-like
osteosarcoma

- Giant cell rich osteosarcoma

- Epithelioid osteosarcoma

________
*These forms are not associated with a specific bio-
logical behaviour that differs from conventional
osteosarcoma. Therefore, these lesions are viewed
as forms or subtypes of conventional osteosarcoma.

Osteosarcoma: unusual histological forms*

Fig. 11.21 Chondroblastic osteosarcoma. The carti-
lage component is sufficiently large and well organ-
ized to be clearly seen grossly. Note central blue
grey cartilage. Peripheral areas with grey-tan
tumour infiltrating cancellous bone.
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ºprotein receptor 2 are expressed in
more than 50% of osteosarcomas {858}
and the MAGE genes in several cases
{2050}.

Gene expression profiling
cDNA array analysis of osteosarcoma
cell lines and primary tumours showed
that HSP90B (heat shock protein 90b)
and PABPL1 (binding protein-like 1)
were highly overexpressed, whereas
FN1 (fibronectin 1) and THBS1 (trom-
bospondin 1) were underexpressed
{2290}.

Genetic susceptibilty
Hereditary retinoblastoma (RB) patients
have a high risk of osteosarcoma devel-
opment {550}. Such tumours are likely to
show LOH at 13q and alterations of the
RB1 tumour suppressor gene. According
to several studies, the frequency of RB1
alterations in sporadic osteosarcoma has
been found to vary between 30-40% {75,
1778,2116,2208,2304}. The prognosis
for patients with RB1 alterations seems to
be poorer than for patients without RB1
alterations {2208}.
Li-Fraumeni syndrome patients with a
TP53 germline mutation have an
increased risk to develop a variety of
tumours, including osteosarcoma. In
sporadic osteosarcoma LOH at 17p and
TP53 mutations are seen in approxi-
mately 35% of the tumours {58, 313,
1349, 1459,1519,2117,2316}. The event-
free survival rate has been reported to 
be lower in osteosarcoma patients 
with TP53 alterations than in those with-
out {2140}.

Prognostic factors
Untreated, conventional osteosarcoma is
universally fatal. Aggressive local growth
and rapid haematogenous systemic dis-
semination mark its course. Although
metastases may affect many sites, pul-
monary metastases are the most fre-
quent site of clinically significant sys-
temic disease. Bone is the second most
frequent site of metastases, but this is
largely a pre-terminal event.
The identification of prognostic factors
has been an additive process in which
factors have been investigated, identi-
fied and incorporated into an overall ther-
apeutic strategy {1,207,274,426,453,
662,1327,1740,1835,1955,2098,2099}.
Traditionally, age, gender, location,
tumour size, stage, and the results of var-
ious laboratory tests have been used in
an effort to predict prognosis. However,
response to pre-operative therapy is cur-
rently the most sensitive indicator of sur-
vival. At the same time, it is recognized
that a single system does not apply to all
cases. Unique biological aggressive-
ness, coupled with an inability to com-
pletely resect the tumour at certain sites
(e.g., skull, spine) is one example. There
are certain sites (e.g., jaw, pelvis) in
which response to therapy does not
appear to reflect prognosis despite the
capacity for complete surgical tumour
removal.
When treated by ablative surgery alone,
survival is limited. With the deve-
lopment of effective multi-disciplinary 
therapy, significant changes have been
introduced to the management of
osteosarcoma.

The death of 80-90% of osteosarcoma
patients with pulmonary metastases,
despite the use of immediate ablative
surgery and pre-surgical, radiographi-
cally normal lungs at the time of diagno-
sis implies that subclinical pulmonary
micro-metastases are present in the vast
majority of cases at presentation. 

Fig. 11.23 Osteoblastic osteosarcoma, after  pre-
operative chemotherapy. Surgical specimen show-
ing cystification and absence of luster, indicative
of non-viable tumour (100% tumour necrosis).
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B CA
Fig. 11.22 Osteosarcoma. A The transition zone between high grade malignant cartilage with adjacent bone-producing spindle cell component. B Typically tumour is
composed of fusiform spindle cells with minimal osseous matrix. Although anaplastic, cells may have minimal pleomorphism, be organized in herringbone arrangement
and mimic fibrosarcoma. C Epithelioid osteosarcoma. A densely packed population of neoplastic cells with large eccentric nuclei and abundant eosinophilic cytoplasm
imparts an over-all epithelioid or plasmacytoid appearance to the tumour.
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Therefore, osteosarcoma must be
viewed as a systemic disease at the time
of initial diagnosis. 
Contemporary therapy is multi-discipli-
nary, focusing on both local and sys-
temic manifestations of osteosarcoma
through the judicious use of multidiscipli-
nary therapy incorporating surgery and
chemotherapy. The use of such multi-dis-
ciplinary therapy has resulted in disease-
free survival of 60-80%, while allowing
the use of functional limb-sparing sur-
gery in >80% of patients.
Ultimate survival is directly related to
response to pre-operative therapy. In
those patients whose tumours have
>90% tumour necrosis (i.e., "responders")

long-term survival is generally 80-90%. In
those cases, in which tumour necrosis is
<90% (i.e., "non-responders") and there is
no change in post-operative therapy, the
survival is extremely poor; usually <15%.
It has been demonstrated that, with

appropriate changes in post-operative
therapy, significant numbers of non-
responders can be salvaged and long-
term survival in this group may be greatly
improved; in some cases approaching
that of responders {107,160}.

Fig. 11.24 Post-chemotherapy arteriogram. After
two courses of therapy, there is almost complete dis-
appearance of neovascularity, indicating a high
probability of response to therapy.

Fig. 11.25 Osteoblastic osteosarcoma after chemo-
therapy. Tumour-produced osseous matrix is present.
There are no neoplastic cells ("cell drop-out"). The
cellular component consists of occasional inflamma-
tory cells, granulation tissue and capillaries.

Fig. 11.26 Osteosarcoma. DNA copy number changes in high grade osteosarcoma detected by comparative
genomic hybridization. A Hybridization of  tumour DNA (green) and reference DNA (red) to DAPI (blue)
counterstained metaphase chromosomes. Green areas, e.g., at 8q, indicate DNA copy number gain. 
B Green-to-red ratios for each chromosome area are measured using special software. The line in the mid-
dle indicates green-to-red ratio 1, and thresholds for losses (0.85) and gains (1.17) are indicated by red and
green lines, respectively. Bars show chromosomal areas with copy number changes. Numerous chromo-
somal imbalances are detected, including amplification of 8q and 15q and loss of 10p and 13q.

A

B
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Definition
A malignant bone-forming tumour char-
acterized by large spaces filled with
blood with or without septa. The roent-
genogram typically shows a purely lytic
destructive process without matrix miner-
alisation.

ICD-O code 9183/3

Synonyms
Malignant bone aneurysm, haemorrhag-
ic osteosarcoma, aneurysmal bone cyst-
like osteosarcoma.

Epidemiology
Telangiectatic osteosarcoma is a rare
subtype, accounting for less than 4% of
all cases of osteosarcoma. It most fre-
quently occurs in the second decade of
life and has a male predominance (1.5:1
male/female ratio) {2155}.

Sites of involvement
Most tumours occur in the metaphyseal
region of long tubular bones. The distal
femoral metaphysis is the single most
common anatomic site, followed by the
upper tibia and proximal humerus or
proximal femur {2155}. Rare cases
occurring in rib {1357}, skull {2261},
sacrum {1956}, and mandible {325} are
reported. Recently, multicentric telang-
iectatic osteosarcoma has been reported
{1658}.

Clinical features / Imaging
Clinical presentation is similar to conven-
tional osteosarcoma. One characteristic
clinical finding of this tumour is patholog-
ical fracture, being present in one-fourth
of the cases {1432}. Massive bone
destruction may explain the high rate of
pathological fracture. In laboratory data,
serum alkaline phosphatase level is ele-
vated in one-third of the cases, being
less frequent than in conventional osteo-
sarcoma {106}.
Radiographically, the lesions show pure-
ly lytic, large bone destruction without
distinct surrounding bony sclerosis. The
tumours commonly show extension into

soft tissues. Most of the lesions are locat-
ed in the metaphysis, and usually extend
into the epiphysis. The tumours often
expand the cortex of bone and/or disrupt
the cortex. Periosteal reactions including
Codman's triangle and onion skin are fre-
quent. The finding of significant sclerosis
within the lesion militates against the
diagnosis of telangiectatic osteosarco-
ma. On magnetic resonance images, a
T1-weighted image shows heteroge-
neous low signal intensity, and a T2-
weighted image shows high signal inten-
sity with several cystic foci and fluid-fluid
level with an extraskeletal extension of
the tumour, similar to aneurysmal bone
cyst.

Aetiology
Aetiology of telangiectatic osteosarcoma
is unknown. Several cases associated
with Paget disease of bone {532,1423} or

retinoblastoma {280} have been reported
in the literature.

Macroscopy
On gross examination, tumours show a
dominant cystic architecture in the
medullary space {1357}. The cystic por-
tion of the tumour is filled incompletely
with blood clot which is described as "a
bag of blood". There is no fleshy or scle-
rotic tumour bone formation. Extensive
irregular cortical erosion and/or complete
disruption of cortical continuity with soft
tissue mass are occasionally seen.

Histopathology 
The tumour contains blood-filled or empty
spaces separated by thin septa simulat-
ing aneurysmal bone cyst. A few of the
tumours are more solid and have smaller
cystic spaces. Sections taken at the
edges of the lesions shows permeation of

T. Matsuno
K. Okada
S. Knuutila

Telangiectatic osteosarcoma

Fig. 11.27 Telangiectatic osteosarcoma. A purely
lytic bone destruction is seen in the metaphysis of
the distal femur. There is no surrounding bony scle-
rosis. Note the cortical bone destruction with
periosteal reaction (Codman's triangle) and mas-
sive extension of the tumour into soft tissue.

Fig. 11.28 Gross appearance of telangiectatic
osteosarcoma with dominant cystic architecture,
incompletely filled with blood clots ("a bag of
blood"). There is no fleshy or sclerotic tumour bone
formation. The tumour permeates into the sur-
rounding medullary canal.
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the tumour between pre-existing bony
trabeculae. Higher-power view shows the
cystic spaces lined by benign-looking
giant cells without endothelial lining. The
septa are cellular, containing highly

malignant atypical mononuclear tumour
cells. The tumour cells are hyperchromat-
ic and pleomorphic with high mitotic
activity including atypical mitoses. Rarely,
noncohesive atypical cells are seen in

haemorrhagic area. The amount of
osteoid varies, but usually fine, and lace-
like osteoid is observed in minimal
amount. In fact, even if unmistakable
osteoid is not seen on multiple sections,
these tumours tend to make osteoid
matrix when they metastasize. Cellular
septe contain many benign looking multi-
nucleated giant cells, and these features
may lead to a mistaken diagnosis of
benign or even malignant giant cell
tumour. In small biopsy samples, the only
finding may be that of a blood clot with a
few malignant cells.

Genetics
Cytogenetic information exists for only
four cases {263, 688, 965}. Three had
highly complex chromosomal changes,
and one had trisomy 3 as the sole
change.
Mutations in the TP53 and RAS genes,
LOH at the TP53, CDKN2A and RB1 loci,
and amplification of the MDM2 and MYC
genes seem to be rare in telangiectatic
osteosarcomas {1743}.

Prognostic factors
Prognosis in the modern era is similar to
conventional osteosarcoma. {106,1357,
2155}. Telangiectatic osteosarcoma is
exquisitely sensitive to chemotherapy
(but this may not reflect an improved 
survival).

Fig. 11.30 Telangiectatic osteosarcoma. Highly
malignant tumour cells produce minimal amounts of
fine, lace-like osteoid.

Fig. 11.29 Telangiectatic osteosarcoma. A Low-power microscopy reveals blood-filled or spaces separated by
thin septa simulating aneurysmal bone cyst. B The cystic spaces are lined by benign-looking giant cells with-
out endothelial lining.The septa are cellular and contain atypical mononuclear tumour cells.

A

B
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Definition
An osteosarcoma composed of small
cells with variable degree of osteoid pro-
duction.

ICD-O code 9185/3

Synonym
Osteosarcoma with small cells resem-
bling Ewing sarcoma.

Epidemiology
Small cell osteosarcoma comprises 
1.5% of osteosarcomas {98,184,1529}.
Patients range in age from 5 to 83,
although most are in the second
decade. There is a slight predilection for
females, 1.1 to 1 {98,184,1340,1529}. 

Sites of involvement 
Over half of the tumours occurs in the
metaphysis of long bones. Rarely multiple
skeletal sites are involved {1529, 1953}.

Clinical features / Imaging
Most patients present with pain, swelling
or both {1529}. 
Symptoms are usually of short duration,
but may be prolonged {98,184,1340,
1529}.
Roentgenograms show an aggressive
process with destruction of the cortex.

There is always a lytic component, 
usually admixed with radiodense areas.
Mineralized tissue is seen in most
tumours, either intramedullary and/or in
soft tissue tumour extension strongly
suggesting a specific diagnosis of
osteosarcoma {98,184,1340,1529}.
Although not distinctive, the diagnosis
may be suggested when an osteoblastic
tumour extends well down into the shaft
of the bone with a permeative pattern
{568}.

Macroscopy
The gross features of small cell
osteosarcoma are indistinguishable from
those of conventional osteosarcoma.

Histopathology
Small cell osteosarcoma is composed of
small cells associated with osteoid pro-
duction. Tumours are classified accord-
ing to the predominant cell pattern:
round cell type or short spindle cell type
{98,1529}.

Nuclear diameter of round cells can
range in size from very small to medium;
the smaller ones comparable to those of
Ewing sarcoma and the larger ones to
large cell lymphoma {98}. The cells have
scanty amounts of cytoplasm.
Nuclei are round to oval and the chro-
matin may be fine to coarse. Mitoses
range from 3 to 5/HPF. 
In the less frequent spindle cell type,
nuclei are short, oval to spindle, have a
granular chromatin, inconspicuous
nucleoli and scanty amounts of cyto-
plasm.
Lace-like osteoid production is always
present. Particular care must be taken
to distinguish osteoid from fibrin
deposits that may be seen among
Ewing sarcoma cells. 

Immunophenotype
There is no specific immunophenotype
for small cell osteosarcoma. Tumour
cells may be positive for CD99,
vimentin, osteocalcin, osteonectin,

R. Kalil
J.A. BridgeSmall cell osteosarcoma

Fig. 11.31 Small cell osteosarcoma of distal femur in
a 16 year-old patient. Aggressive roentgenographic
image with lytic and blastic tumour tissue at the soft
tissue compartment of the lesion and permeative
pattern in the bone shaft.

Fig. 11.32 Small cell osteosarcoma, small cell type. Osteoid production at lower right.
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smooth muscle specific actin, Leu-7
and KP1 {508,513}.

Ultrastructure
Nuclei may be irregular or have smooth
contours and, sometimes, contain large
nucleoli. Cytoplasm is poorly differentiat-
ed and contains microfilaments, ribo-
somes, mitochondria and RER in variable
amounts. Glycogen is present in 30% of
cases. Small junctions are seen in close-
ly apposed cells {518,2218}.
Matrix shows flocculent dense material in
close apposition to tumour cell mem-
branes, with subplasmalemmal densities
in the adjacent cells, possibly a prem-
ineralisation stage of the matrix. These
findings may also be seen in chondroid
lesions, but never in Ewing sarcoma/
PNET group of tumours {1646} 

Genetics
The 11:22 translocation of the Ewing fam-
ily of tumours is not seen in this neo-
plasm.

Prognostic factors
Aside from the fact that small cell
osteosarcoma itself has a slightly worse
prognosis than conventional osteosarco-
ma, there are no particular histological or
imaging findings related to prognosis
{98,1529}.

BA
Fig. 11.34 Small cell osteosarcoma. A Small cell type. B Medium cell type.

Fig. 11.33 Small cell osteosarcoma, epithelioid-like pattern. Osteoid production at lower left.
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Definition
A low grade osteosarcoma that arises
from the medullary cavity of bone.

ICD-O code 9187/3

Synonyms
Well differentiated intramedullary osteo-
sarcoma, low grade intramedullary
osteosarcoma, low grade intraosseous-
type osteosarcoma.

Epidemiology
Low grade central osteosarcoma
accounts for less than 1% of primary
bone tumours and only 1-2% of all
osteosarcomas {1468,2155,2158}. Males
and females are equally affected. The
peak incidence is in the second and third
decades of life. 

Sites of involvement
Approximately 80% of low grade central
osteosarcomas are located in the long
bones with a distinct predilection for the
distal femur and proximal tibia {1186}.
The femur is the most frequently involved
bone (approximately 50%), followed by
the tibia, which is the second most fre-
quently involved bone. Flat bones are
uncommonly affected {178,1186,2057,
2312}.

Clinical features / Imaging
Pain and / or swelling are the usual 
complaints. The duration of pain may 
be many months or even several 
years. The radiographic features of low
grade central osteosarcoma are 
variable, however, they are worrisome
enough to at least suggest the 
possibility of malignancy in most cases
{345, 581,1186}. Nevertheless, there 
are examples where aggressive 
features are subtle or even im-
possible to detect. They tend to be large 
metaphyseal or diametaphyseal intra-
medullary tumours. It is not un-
common to see extension into 
the end of the bone when the 
epiphyseal plate is closed. Although 
the majority of tumours are poorly 

marginated, up to one-third may show
intermediate or well defined margins
suggesting an indolent or benign lesion.
Trabeculation and sclerosis are also
common findings that reflect the indolent
nature of this tumour {345}. The 
radiographic density is variable, 
however, low grade central osteo-
sarcomas typically contain areas of
heavy mineralisation with regions 
of amorphous, cloud-like, or fluffy 
mineralisation {581,1186}. Cortical
destruction is the most convincing radi-
ographic feature in support of malignan-
cy. The majority of low grade central
osteosarcomas will show some degree of
cortical disruption with or without soft tis-
sue extension. Computed tomography
and magnetic resonance imaging can be
quite useful in delineating the extent of
the tumour and identifying cortical
abnormalities that are not evident on
plain films.

Macroscopy
The cut surface of a low grade central
osteosarcoma shows a grey-white
tumour with a firm and gritty texture aris-
ing from within the medullary cavity.
Cortical destruction with or without a soft
tissue mass may also be seen. 

Histopathology
Low grade central osteosarcoma is com-
posed of a hypo- to moderately cellular
fibroblastic stroma with variable amounts
of osteoid production. The collagen-pro-
ducing spindle cells are arranged in
interlacing bundles that permeate sur-
rounding pre-existing bony trabeculae
and bone marrow similar to that of
desmoplastic fibroma. While the tumour
cells show some degree of cytological
atypia, it is usually subtle. Nuclear
enlargement and hyperchromasia are
generally evident. Occasional mitotic fig-
ures are almost always identified. 

C.Y. Inwards
S. KnuutilaLow grade central osteosarcoma

Fig. 11.35 Low grade central osteosarcoma. Mixed
lytic and sclerotic lesion involving the distal third of
the tibial diaphysis and metaphysis associated with
expansion, suggesting a benign or low grade
tumour.

Fig. 11.36 Low grade central osteosarcoma. Coronal T2
weighted MRI illustrates extensive destruction of the
distal third of the tibia and extraosseous soft tissue
extension.  In contrast, fibrous dysplasia typically would
not have such aggressive radiographic features.
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Variable patterns of bone production are
found in low grade central osteosarco-
ma. Some tumours contain irregular
anastomosing, branching, and curved
bone trabeculae simulating the appear-
ance of woven bone in fibrous dysplasia
{715}. Others contain moderate to heavy
amounts of bone present as long longitu-
dinal seams of lamellar-like bone resem-
bling parosteal osteosarcoma. Small
scattered foci of atypical cartilage are
occasionally seen. In addition, benign
multinucleated giant cells have been
reported in up to 36% of low grade cen-
tral osteosarcomas. In 15-20% of cases
progression to high grade spindle cell
sarcoma occurs, most commonly at the
time of tumour recurrence.

Genetics
The results of a CGH study indicate
recurrent gains in minimal common
regions at 12q13-14, 12p, and 6p21
{2088}. The low number of chromosomal
imbalances in low grade central
osteosarcoma is in sharp contrast with
the complex aberrations seen in high
grade osteosarcoma.
MDM2, CDK4, and SAS at the 12q13-15
amplicon have been reported to be
amplified at frequencies of 35%, 65%
and 15%, respectively {1747}.

Prognostic factors
Low grade central osteosarcoma
behaves in a much more indolent fashion
than conventional osteosarcoma. Never-
theless, it is associated with a high inci-
dence of local recurrence after inade-
quate resections. Recurrences may
exhibit a higher histological grade or

dedifferentiation with the potential for
metastases {345,999,1186}. It is meta-
static tumour from the higher grade

recurrence that can lead to death in
patients with low grade central osteo-
sarcoma.

BA
Fig. 11.38 Low grade central osteosarcoma. A Irregularly shaped spicules of bone surrounded by a spindle cell
stroma with minimal atypia. Distinction fibrous dysplasia requires radiographic correlation. B At higher
magnification, scattered cells with nuclear enlargement and hyperchromasia occur.

Fig. 11.37 Low grade central osteosarcoma. At low magnification, long, parallel seams of bone surrounded by
a hypocellular spindle cell stroma are seen, resembling the pattern of parosteal osteosarcoma.
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Definition
Secondary osteosarcomas are bone
forming sarcomas occurring in bones that
are affected by preexisting abnormalities,
the most common being Paget disease
and radiation change, and rarely various
other disorders.

ICD-O code 9180/3

ICD-O code 9184/3

Synonym
Paget sarcoma.

Epidemiology
Incidence of sarcomatous changes in
Paget disease is estimated to be 0.7-
0.95%, and osteosarcomas represent 50-
60% of Paget sarcomas {867,989,
1879,2263}. In most series, Paget
osteosarcoma is more common in men
(ratio 2:1), with an overall median age of
64 years: it accounts for more than 20%
of osteosarcomas in patients older than
40 years of age.
This complication is usually observed in
patients with widespread Paget disease
(70%), but can occur in monostotic Paget
disease as well.

Sites of involvement
Any bone affected by Paget disease has
the potential to undergo sarcomatous
change. Except for the high frequency in
the humerus and the lower frequency in
the vertebrae, osteosarcoma has the
same distribution as uncomplicated
Paget disease.
Approximately, two-thirds are seen in
large limb bones (femur, humerus, tibia),
one-third in the flat bones (pelvis, skull
and scapula). 10-17% of all Paget
osteosarcomas involve the skull. 
Most tumours arise in the medulla; few
are located near the periosteal surface of
bone.
Multifocal osteosarcoma occurs in 17% of

cases, usually involving the femur and
the skull, superimposed on polyostotic
Paget disease and may represent multi-
ple primary tumours or metastatic
spread.

Clinical features / Imaging
Clinical symptoms are a change in pain
pattern, a swelling, and occasionally
pathological fracture (12-20%, more com-
monly in the femur). Often, there is an ele-
vation of alkaline phosphatase levels a-
bove those usually seen in Paget disease.
On imaging, tumours with a lytic pattern
are more frequent than a blastic or scle-
rotic appearance {2263}, with cortical dis-
ruption and a soft tissue mass. The affect-
ed bone shows radiographic features of
Paget disease.

Macroscopy
The gross appearance is variable reflect-
ing the patterns seen for conventional
osteosarcoma. The non-neoplastic bone
shows thickened bone trabeculae and
cortical thickening.

Histopathology
Paget osteosarcomas are high grade sar-
comas, mostly osteoblastic or fibroblastic
osteosarcomas. A great number of osteo-
clast-like giant cells may be found {1879}.
Telangiectatic and small cell osteosarco-
mas have been reported {2263}.

Genetics
Recent evidence suggests that predispo-
sition to Paget disease may have a genet-
ic component linked to a region of chro-
mosome arm 18q {370,811,883}. In a
study of 96 sporadic osteosarcomas fre-
quent LOH was seen at chromosome arm
18q {1546}.

Prognostic factors
The prognosis is poor, especially for
tumours located in the pelvic bones and
the skull, with a five-year overall survival
rate of 11% {2263}. Survival is shorter in
cases of multifocal disease. Metastases
are present in 25% of patients, at initial
presentation (predominantly pulmonary

or bone metastases).
There is a small fraction of long-term sur-
vivors after aggressive therapy (age less
than 60 years, monostotic Paget disease,
sarcomas arising in long bones) {867}.

ICD-O code 9180/3

Synonyms
Postradiation sarcomas, radiation
induced sarcoma.

Epidemiology
They constitute 3.4-5.5% of all osteosar-
comas and 50-60% of radiation-induced
sarcomas. It is estimated that the risk of
developing osteosarcoma in irradiated
bone is 0.03-0.8% {996,1334}.
Children treated with high-dose radiother-
apy and chemotherapy are at the great-
est risk. The prevalence of postradiation
osteosarcomas is increasing as children
survive treatment of their malignant dis-
ease {145,2190}.

Sites of involvement
Postradiation osteosarcoma can develop
in any irradiated bone, but the most com-
mon locations are the pelvis and the shoul-
der region.

Clinical features / Imaging
The criteria for the diagnosis are well
established: the affected bone may have
been normal, contain a biopsy proven
benign tumour or non-bone forming
malignancy; history of prior radiation ther-
apy and tumour developing in the path of
the radiation beam; a symptom-free latent
period (frequently long but may be as
short as two years); a histologically
proven osteosarcoma {996}.
The latent period is generally long (medi-
an of 11 years), and inversely related to
the radiation dosage. Radiation doses
are usually greater than 20 Gy; most sar-
comas occur in association with doses of
approximately 55 Gy.

M. Forest
G. De Pinieux
S. Knuutila

Secondary osteosarcomas

Paget osteosarcoma

Postradiation osteosarcoma
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Common symptoms are pain and
swelling.
On imaging, the tumours are densely scle-
rotic or lytic lesions with a soft tissue mass.
Radiation osteitis is present in about 50%
of cases (trabecular coarsening and lytic
areas in the cortex). Multicentric osteosar-
comas have been reported as well as a
few parosteal osteosarcomas {2115}.

Macroscopy
Similar to conventional osteosarcoma.

Histopathology
High grade osteosarcomas predominate.
Histological changes of radiation osteitis
may be present.

Genetics
Cytogenetic and DNA copy number
changes are complex and similar to those
in conventional osteosarcomas {1427}.
Postradiation osteosarcomas frequently
exhibit 3p loss cytogenetically {1427}.
Sporadic and postradiation osteosarco-
mas differ in copy number changes by
comparative genomic hybridisation
{2094}. Whereas gains were more frequent
than losses in sporadic tumours, the
reverse was seen in radiation-associated
sarcomas. Further-more, loss of 1p was
rare (3%) in sporadic cases, but frequent
(57%) in radiation-associated tumours. In
one study, a high (58%) frequency of TP53
mutations was found {1532}.

Prognostic factors
The 5-year-cumulative survival rate is of
68.2% for patients with extremity lesions,
27.3% for patients with axial lesions
{1005}.
The prognosis is worse for pelvic, verte-
bral and shoulder girdle locations.

Osteosarcoma has been reported in
association with a variety of conditions
affecting bone. Many of the reports are
of rare associations. The three asso-
ciations deserving special attention are
bone infarct, prosthetic joint and fibrous
dysplasia. Infarct associated sar-
comas most commonly show the his-
tological pattern of malignant fibrous
histiocytoma, however a minority are
osteosarcomas. It has been sugges-
ted that the malignant transformation in
large and multiple infarcts arises from
the reparative process of osteone-
crosis, but this view is disputed
{503,2122}. Malignant tumours have

been reported at the site of pros-
thetic replacements as well as at the
site of prior internal fixation. The 
majority of such cases have shown 
a malignant fibrous histiocytoma 
morphology, but six cases of osteosar-
coma in association with total hip 
replacements have been reported
{271}. Osteosarcoma associated with
fibrous dysplasia is most common in 
the setting of Albright syndrome
{992,2074}. Many of the reported cases
of osteosarcoma arising in fibrous dys-
plasia have also been complicated by
radiation therapy {992,1822,2074}.
There is nothing unique about the
pathology or prognosis of secondary
osteosarcoma arising in association
with bone infarct, prosthesis or fibrous
dysplasia.

Osteosarcoma in the course of
various bone diseases

Fig. 11.39 Osteoblastic osteosarcoma associated with fibrous dysplasia of the femur.
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Definition
Parosteal osteosarcoma is a low grade
osteosarcoma which arises on the surface
of bone.

ICD-O code 9192/3

Synonyms
Juxtacortical osteosarcoma, juxtacortical
low grade osteosarcoma.

Epidemiology
Although rare, parosteal osteosarcoma is
the most common type of osteosarcoma
of the surface of bone. It accounts for
about 4% of all osteosarcomas. There is a
slight female predominance and most
patients are young adults, about 1/3
occurs in the 3rd decade of life {1599}.

Sites of involvement
About 70% involve the surface of the dis-
tal posterior femur. The proximal tibia and
proximal humerus are also relatively com-

monly involved. Flat bones are uncom-
monly affected. 

Clinical features / Imaging
Patients generally complain of a painless
swelling; inability to flex the knee may be
the initial symptom. Some patients com-
plain of a painful swelling.
Roentgenograms show a heavily miner-
alised mass attached to the cortex with a
broad base. The tumour has a tendency to
wrap around the involved bone. Compute-
rized tomograms and magnetic resonance
images are useful in evaluating the extent
of medullary involvement. The outermost
portions of the tumour are usually less min-
eralised {185}. In some cases there may
be an incomplete lucency between the
tumour and the underlying bone.

Macroscopy
Parosteal osteosarcoma presents as a
hard lobulated mass attached to the un-
derlying cortex. Nodules of cartilage may

be present. Occasionally, the cartilage will
be incomplete cap-like, covering the sur-
face and thus suggesting a diagnosis of
osteochondroma. The periphery may be
softer and seen to invade skeletal muscle.
Invasion of the bone marrow may be seen
in 25% of the cases. Soft, fleshy areas, if
present, suggest dedifferentiation.

Histopathology
Parosteal osteosarcoma consists of well
formed bony trabeculae seen in a hypo-
cellular stroma. The bony trabeculae are
arranged in a parallel manner and simu-
late normal bone {1025}. The trabe-
culae may or may not show osteoblastic
rimming. The intertrabecular stroma is
hypocellular. The spindle cells in the stro-
ma show minimal atypia. In about 20% of
the cases, the stroma is more cellular and
the spindle cells show moderate atypia.
About 50% of the tumours will show carti-
laginous differentiation. This may be in the
form of hypercellular nodules of cartilage

K.K. Unni
S. KnuutilaParosteal osteosarcoma

Fig. 11.41 Parosteal osteosarcoma Anteroposte-
rior view of the knee showing a lobulated, heavily
mineralised mass attached to the cortex.

Fig. 11.40 Parosteal osteosarcoma. Plain X-ray
shows a heavily mineralised mass attached to the
posterior aspect of the distal femur not involving

Fig. 11.42 Parosteal osteosarcoma. The formation
of large, heavily mineralised masses surrounding
the involved bone is common.
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within the substance of the neoplasm or as
a cap on the surface. When present, the
cartilage cap is mildly hypercellular, and
the cells show mild cytological atypia and
lacks the ‘columnar’ arrangement seen in
osteochondromas. There is, however,
enchondral ossification as seen in osteo-
chondroma. Unlike fatty and haematopoi-
etic marrow, as seen in osteochondromas,
there is spindle cell proliferation between
the bony trabeculae. Large areas devoid
of bone and rich in collagen similar to

desmoplastic fibroma may be present.
About 15% of the tumours will show high
grade spindle cell sarcoma (dedifferentia-
tion). This may be at the time of the origi-
nal diagnosis or, more often, at the time of
recurrence {2289}. The areas of dediffer-
entiation may be osteosarcoma, fibrosar-
coma or malignant fibrous histiocytoma. 

Immunophenotype
There are no specific features helpful in
diagnosis.

Fig. 11.45 Dedifferentiated parosteal osteosarco-
ma. The appearance of the lesion on the surface is
that of a heavily mineralised mass, typical of
parosteal osteosarcoma. There is a very destruc-
tive appearing lesion within the medullary cavity,
which was the dedifferentiated component.

Fig. 11.46 Parosteal osteosarcoma involving the
bones of the forearm. Much of the tumour has the
appearance of classical parosteal osteosarcoma
with fibrous areas. However, between the bones,
there are soft areas representing dedifferentiation.

Fig. 11.43 Parosteal osteosarcoma. A Although
much of the tumour is on the surface of the proximal
tibia, there is clear-cut marrow involvement. B Gross
specimen showing large amounts of chondroid dif-
ferentiation. The marrow cavity, which is free of
involvement, is seen at the bottom.

A

B

Fig. 11.44 Parosteal osteosarcoma. CT shows a min-
eralising mass. The marrow is free of involvement.
This is the same case as shown in Fig. 11.42.

BA
Fig. 11.47 Parosteal osteosarcoma. A Extensive cartilagineous differentiation is not uncommon. B Well-formed bony trabeculae in a hypocellular spindle cell stroma.
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Genetics
Chromosomal alterations in parosteal
osteosarcomas are different from those in
conventional osteosarcomas. Parosteal
osteosarcomas are characterized by one
or more supernumerary ring chromo-
somes, often as the sole alteration {1428,
1634,1961}. CGH studies indicate gain at
12q13-15 as the minimal common region
of amplification in the rings {2071}.

The SAS, CDK4, and MDM2 genes have
been shown to be coamplified and over-
expressed in a great proportion of cases
{2305} and the incidence of the amplifica-
tions of these genes seems to be essen-
tially lower in classical high grade oste-
sarcoma. Mutations in RB1 {2208} or
microsatellite instability {2087} have not
been found to be present in parosteal
osteosarcoma.

Prognostic factors
Prognosis is excellent with 91% overall
survival at 5 years {1599}. Marrow
invasion and moderate cytological
atypia do not predict a worse prog-
nosis. If incompletly excised the tumour
may reccur and dedifferentiate. The
presence of such dedifferentiated areas
is associated with a prognosis similar to
that of conventional osteosarcoma.

Fig. 11.48 Parosteal osteosarcoma. Area of dedif-
ferentiation with pleomorphic appearing nuclei.

BA
Fig. 11.49 Parosteal osteosarcoma. A CGH profile indicating gain at 12pterq21 with amplification 12q13q15. The
arrow indicates the cutoff value of 1.5 for amplification (from J. Szymanska et al. {2071}). B MS-FISH from the
same tumour shows a normal chromosome 12 (top left), ring, and large marker chromosome. FISH shows ampli-
fication of KRAS2, CDK4, and MDM2, respectively, whereas no copy number increase could be demonstrated
on ETV6 (from D. Gisselsson et al. {796}).
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Definition
Periosteal osteosarcoma, is an interme-
diate grade chondroblastic osteosarco-
ma arising on the surface of bone.

ICD-O code 9193/3

Synonyms
Juxtacortical chondrosarcoma, juxtacor-
tical chondroblastic osteosarcoma.

Epidemiology
Periosteal osteosarcoma {644, 2013,
2155} accounts for less than 2% of all the
osteosarcomas {2155,2156}. 
Of the surface osteosarcomas, it is more
common than high grade surface
osteosarcoma, but about one-third as
common as parosteal osteosarcoma
{644,1600}. The peak incidence of
periosteal osteosarcoma is in the second
and third decades of life. There is a slight
male predominance.

Sites of involvement
Periosteal osteosarcoma has a distinct
predilection for the diaphysis or diaphy-
seal-metaphyseal area of the long
bones, with the tibia and femur the most
commonly involved bones, followed by
the humerus {179,644,874,1792,2013,
2155,2156}. In the long bones, this
tumour usually affects the anterior, lateral
or medial portions of the shaft, but occa-
sionally may surround the entire circum-
ference of the bone. It can also involve
the clavicle, pelvis, mandible, ribs and
cranium {179,644,874,1792,2013,2155,
2156}. The case of a bilateral metachro-
nous lesion has also been reported
{979}.

Clinical features / Imaging
A painless mass or limb swelling is the
most common initial complaint with pain
or tenderness later developing in the
affected area {179,644,2013,2156}. In

most patients the complaints have lasted
for less than 1 year and more than half of
the patients have been symptomatic for
about 6 months {644}. 
This tumour, arising on the surface of a
bone, displays nonhomogeneous, calci-
fied spiculations that are disposed per-
pendicular to the the cortex and give an
overall sunburst appearance. The lesion
decreases in density from the cortical
base to the surface, where the tumour
has a relatively well demarcated advanc-
ing margin. Commonly, the cortex
appears thickened as result of the pro-
duction of a heavily ossified matrix. The
bone spicules are variously calcified with
fine and coarse calcification. A
Codman’s triangle is frequently present.
Computed tomography and magnetic
resonance imaging are very important in
the evaluation of tumour size, integrity of
the cortex, soft tissue extension and rela-
tionship to the neurovascular bundle. 

Macroscopy
The tumour arises from the bone sur-
face and may involve part of the bone or
the entire circumference {644,2013,
2155,2156}. It has a conspicuous
fusiform appearance when it involves
the entire circumference of the shaft of a
bone. A spiculated pattern arising per-
pendicular to the cortex is commonly
seen grossly, with the longest spicules
situated at the centre of the lesion; these

A.G. Ayala A.K. Raymond
B. Czerniak S. KnuutilaPeriosteal osteosarcoma

Fig. 11.51 Periosteal osteosarcoma. CT scans
show a heavily ossified tibial mass arising from
the cortex, covered by a larger, focally or mini-
mally calcified soft tissue mass component.

Fig. 11.50 Periosteal osteosarcoma. A Plain radiograph of femur shows a large, fusiform surface mass.
Perpendicular to the cortex, there are multiple, parallel thin columns of calcified matrix. Focal lytic
areas are also present. B The upper shaft of the tibia displays a well demarcated tumour arising from
the cortical surface of the bone. Fluffy calcifications are present.

BA
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spicules gradually taper from the centre
to the outer extremes of the lesion in all
directions. A solid ossified mass is com-
monly seen adjacent to the cortex, while
the periphery tends to be uncalcified or

minimally calcified. Part of the tumour
usually has the glistening, greyish
appearance typical of cartilage. The
advancing margin is generally well
delineated by a capsule/ pseudocap-
sule that is the product a thickened
periosteum. The bony mass merges
imperceptibly with the cortex at its base,
giving the appearance of a thickended
cortex. 

Histopathology 
Histologically, periosteal osteosarcoma
has the appearance of a moderately dif-
ferentiated chondroblastic osteosarco-
ma {2155,2156}. The ossified mass is
generally found arising from the cortex,
to which it is intimately attached, and it
is made up of relatively mature bone
that has resulted from endochondral
ossification. The cartilaginous compo-
nent predominates, but elements of
intermediate grade osteosarcoma are
invariably present. The cartilaginous
component may show varying degrees
of cytological atypia. 
The matrix may be myxoid. The bony
spicule consists of elongated vascular
cores surrounded by a calcified,
osseous or chondro-osseous matrix,
which in turn may be surrounded by
non-calcified cartilaginous growth. The
periphery of the tumour generally shows
no calcification and is made up of fasci-
cles of spindle cells. In these areas,
there may be significant mitotic activity
with abnormal figures. These areas may
also contain lace-like osteoid. 

Genetics
Among four reported cases, one had
+17 as the sole change {263}, and three
had complex karyotypic changes {795,
965,2090}.

Prognostic factors
Although periosteal osteosarcoma is
associated with a better prognosis than
conventional osteosarcoma, it is still a
malignant tumour with a tendency to
recur and to metastasise {644,2013,
2155,2156}. Medullary involvement by
the tumour may portend poorer progno-
sis. A recurrence rate of 70% has been
reported for patients who underwent
marginal excision {1341}. The rate of
metastasis has been reported to be
about 15% {644,1792,2155,2156}.

Fig. 11.52 Periosteal osteosarcoma of proximal
femur. A broad based, mushroom-like, large sur-
face tumour depicting a thickened ossified area
blending in with the cortex. Covering this area
there is a large soft tissue component depicting
seemingly two layers of tissue. One is whitish-car-
tilaginous and the other is tan-yellow.

Fig. 11.53 Periosteal osteosarcoma of femur. These
cross sections of the shaft of the femur depict a sur-
face tumour involving the entire circumference of
the bone. Calcified spicules impart a sunburst
appearance. A glistening non-calcified tumour com-
ponent covers the entire tumour. The medullary cav-
ity is intact.

BA
Fig. 11.54 Periosteal osteosarcoma. A A cross section of the tibial tumour which shows an ossified mass blending with and thickening the cortex and covered by an
uncalcified component. B Typical appearance of chondroblastic grade 3 osteosarcoma. There are lobules of malignant-appearing cartilage with bone formation in the
centre of the lobules.
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Definition
A high grade bone-forming malignancy
which arises from the surface of the
bone.

ICD-O code 9194/3

Synonyms
Juxtacortical osteosarcoma, surface
osteosarcoma.

Epidemiology
High grade surface osteosarcoma com-
prises less than one percent of all
osteosarcomas. The peak incidence is in
the second decade, and the age distri-
bution of patients at the time of diagnosis
is similar to conventional osteosarcoma.
There is a slight male predilection.

Sites of involvement
The femur is most commonly affected fol-
lowed in frequency by the humerus and tibia.

Clinical features / Imaging
Patients with high grade surface
osteosarcoma most commonly present
with a mass and/or pain in the region of
the tumour. The tumour radiographically
presents as a surface, partially miner-
alised, mass extending into the soft tis-
sues. The underlying cortex is commonly
partially destroyed, and periosteal new
bone is commonly present at the periph-
ery of the tumour. Cross sectional imag-
ing may show minimal medullary involve-
ment, but the tumour is most commonly
relatively well circumscribed at its soft
tissue margin. The pattern of mineralisa-
tion present is variable depending upon
the amount of chondroid and osseous
matrix produced by the tumour.

Macroscopy
The tumour is situated on the surface of
the affected bone and commonly erodes
the underlying cortical bone. Tumours

vary in consistency depending upon
whether they are predominantly osteo-
blastic, chondroblastic, or fibroblastic.
However, all tumours will have "soft"
areas in them, a feature which helps sep-
arate this tumour from parosteal
osteosarcoma. The surface of the tumour
is commonly multilobulated, and the
colour varies depending upon the
amount of chondroid matrix, haemor-
rhage, and necrosis present.

Histopathology
These tumours show the same spectrum
of features seen in conventional
osteosarcoma. Regions of predominantly
osteoblastic, chondroblastic, or fibrob-
lastic differentiation may predominate.
However, all tumours will show high
grade cytological atypia and lace-like
osteoid as seen in conventional osteo-
sarcoma. Many tumours show regions
rich in cytologically atypical spindle cells

L. Wold
E. McCarthy
S. Knuutila

High grade surface osteosarcoma

Fig. 11.55 High grade surface osteosarcoma in the
middle portion of the humerus. The lesion is miner-
alised where it is attached to the bone but there is
also a large unmineralised soft tissue mass.

Fig. 11.57 High grade surface osteosarcoma
involving the distal femur. The tumour is soft and
fleshy.

Fig. 11.56 High grade surface osteosarcoma. A CT
showing focal mineralisation and a large unminer-
alised soft tissue component. B MRI scanning can be
very sensitive in evaluating whether there is
medullary involvement in surface tumours of bone.
There is no medullary involvement in this case.

A

B
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with brisk mitotic activity evident in these
regions. The pattern of osteoid produc-
tion and the high grade cytological atyp-
ia evident in high grade surface
osteosarcoma help to separate it from
parosteal osteosarcoma. High grade sur-
face osteosarcomas which show pre-
dominant chondroblastic differentiation
may be confused with periosteal
osteosarcoma. The degree of cytological
atypia is greater in high grade surface
osteosarcoma than in periosteal
osteosarcoma, and the tumours also
generally show larger regions of spindle
cell morphology. Unlike same dedifferen-
tiated parosteal osteosarcoma, low
grade regions of tumour are not identi-
fied in high grade surface osteosarcoma.

Immunophenotype
Similar to conventional osteosarcoma.

Prognostic factors
As in conventional osteosarcoma the
major prognostic feature is the response
to chemotherapy.

Fig. 11.58 High grade surface osteosarcoma. A The tumour produces large amounts of bone (right). The cortex
(middle) and the medullary cavity (left) are uninvolved. B Wide vascular spaces bear resemblance to
osteoblastoma, but the high grade cytologic atypia and the compact nature of the spindle cell proliferation
help to distinguish high grade surface osteosarcoma from osteoblastoma.

A

B
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CHAPTER 12

Fibrogenic Tumours

Tumours of fibrogenic origin do not have a mineralizing matrix
but generally produce collagen; high grade tumours may not
produce any matrix. 

Desmoplastic fibroma is one of the most uncommon of bone
tumours. It is identical to the much more common soft tissue
desmoid and locally aggressive. 

Fibrosarcomas range from the well differentiated tumours,
which are difficult to separate from desmoplastic fibroma, to
highly malignant tumours which are composed of small cells
and simulate Ewing sarcoma. Distinction from fibroblastic
osteosarcoma may be arbitrary and may depend on sampling. 
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Definition
Desmoplastic fibroma is a rare, benign
bone tumour composed of spindle cells
with minimal cytological atypia and
abundant collagen production.

ICD-O code 8823/0

Synonyms
Desmoid tumour of bone, intra-osseous
counterpart of soft tissue fibromatosis.

Epidemiology
The incidence is approximately 0.1% of
all primary bone tumours. It tends to
occur in adolescent and young adults
with near equal gender distribution.

Sites of involvement
Desmoplastic fibroma may involve any
bone but is most frequent in the
mandible.

Clinical features / Imaging
Patients present with a variety of symp-
toms. Some have pain, others present

because of deformity or loss of function.
Radiographically, desmoplastic fibroma
is usually a well defined, radiolucent
lesion that may expand the host bone.
Intralesional trabeculation is frequent.
Larger lesions may breach the
periostium and extend into soft tissue.
Such erosive, destructive pattern may
mimic other, more aggressive lesions.
Desmoplastic fibroma has low signal
intensity in both T1 and T2 weighted
MRI images. The extent of disease and
margins are best assessed with CT and
MRI.

Macroscopy
The tumour is firm and the cut surface is
creamy-white with a variegated whorled
pattern. The advancing surfaces of the
lesion tend to be scalloped and appar-
ently well defined. The tumour may
extend into soft tissue.

Histopathology
The lesion is composed of spindle cells
(fibroblasts/myofibroblasts) on a richly

collagenous, variably hyalinized back-
ground. The degree of cellularity is vari-
able but cellular atypia and pleomor-
phism are minimal or absent. Mitoses are
rare. 

Genetics
FISH analyses of desmoplastic fibroma
suggest that trisomies 8 and 20 repre-
sent nonrandom aberrations in a subset
of these lesions, analogous to similar
findings in soft tissue desmoid tumours
{267}.

Prognostic factors
The tumour behaves in a locally 
progressive/aggressive manner. Recur-
rence following curettage and resec-
tion are 72% and 17%, respectively
{832}. Local relapse has been reported
as late as eight years following primary
surgery. There is a single reported
case involving the spine that showed
little detectable change over a follow
up period of nine years without therapy
{1482}.

Desmoplastic fibroma of bone V. Fornasier
K.P.H. Pritzker
J.A. Bridge

Fig. 12.01 Desmoplastic fibroma. Plain X-ray of a
tumour involving the distal femur. The lesion is
large, lobulated, and has a sclerotic rim.

288 Fibrogenic tumours

Fig. 12.02 Desmoplastic fibroma. High power magnification showing spindle cells without cytological atyp-
ia and large amounts of collagen.
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Definition
A primary malignant spindle cell neo-
plasm of bone in which the tumour cells
are typically organized in a fascicular or
"herringbone" pattern.

ICD-O code 8810/3

Epidemiology
Precise epidemiological data pertaining
to fibrosarcoma of bone is difficult to
obtain due to inconsistent terminology
usage for fibrosarcoma versus malignant
fibrous histiocytoma.
Fibrosarcomas constitute up to 5% of all
primary malignant bone tumours, with
relatively uniform incidence over the sec-
ond to sixth decades and equal gender
distribution {991}. There have been
occasional reports of cases occurring
during infancy {167,425}.

Sites of involvement
Historical series indicate that fibrosarco-
mas most frequently involve the meta-
physes of long bones. In one large
series, the distal femur was involved in
48 of 102 of cases (47%) {2075}. Other
frequent sites of involvement were the
proximal femur (16%), distal humerus
(14%) and proximal tibia (11%). A series
of 130 cases also identified the distal
femur as the most common site (21%) of
involvement {991}.

Clinical features / Imaging
Pain and swelling are the usual symp-
toms. Up to one-third of patients have
pathological fracture {1221}. 
Radiographically, fibrosarcoma usually
appears as a destructive geographic
lesion, but may have an ill defined per-
meative, "moth eaten" appearance with
cortical destruction and frequent soft tis-
sue extension. A periosteal reaction is
not infrequently present {2075}. The soft
tissue extension may be better visualised
by CT and MRI. 

Aetiology
In most cases, the aetiology of fibrosar-
coma of bone is not known. However, 

fibrosarcoma has been reported in asso-
ciation with a number of conditions
including prior radiation therapy, Paget
disease, giant cell tumour, osteochon-
droma, bone infarcts, chronic osteo-
myelitis, fibrous dysplasia, ameloblastic
fibroma and hereditary bone dysplasia
{85,644,886}.

Macroscopy
Well differentiated tumours produce
large amounts of collagen, resulting in a
firm consistency with a trabeculated,
white cut surface and circumscribed
margins. Poorly differentiated tumours
have a softer, fleshy consistency with foci
of necrosis; they vary in colour and are
poorly marginated.

Histopathology
Histologically, fibrosarcoma of bone is
composed of a uniformly cellular popula-
tion of spindle shaped cells arranged in

a fascicular or "herringbone" pattern with
a variable amount of collagen produc-
tion. Parts or all of the lesion may be
more myxoid and such lesions have
been labelled myxofibrosarcomas.
Higher grade lesions tend to be more
cellular with less collagen production,
exhibit greater nuclear atypia and a high-
er mitotic count including abnormal
mitoses than their better differentiated
counterparts. Areas of necrosis may be
seen.

Differential diagnosis
In cases with more severe cytological
atypia, including tumour giant cells,
fibrosarcoma may be difficult to distin-
guish from malignant fibrous histiocy-
toma. The presence of a storiform pat-
tern and epithelioid type cells with
"ground glass" cytoplasm would favour a
diagnosis of malignant fibrous histiocy-
toma. In view of the identical clinical,

L.B. Kahn
V. VigoritaFibrosarcoma of bone

Fig. 12.03 Fibrosarcoma of tibia. Plain radiograph
demonstrating ill defined purely osteolytic lesion
involving distal third of tibia. The soft tissue exten-
sion of the tumour is not evident in this study.

Fig. 12.04 Fibrosarcoma of ulna. Plain radiograph
showing ill defined expansile osteolytic lesion of
the metaphysis with cortical destruction on the
medial aspect.

289Fibrosarcoma of bone
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radiological and even prognostic 
features of these two lesions, some
investigators have chosen to include
them within the category of fibrosarco-
mas {2075}. Well differentiated fibrosar-
coma is distinguished from desmoplastic
fibroma by the presence of readily identi-
fiable mitoses and high cellularity in the
former and their extreme paucity or
absence in the latter. 

Prognostic factors
Two series have reported an overall 5-
year survival approximating 34% {1647,
2075}. The most important prognostic
factor is histological tumour grade. In
one series, the 10 year survival was 83%
in low grade and 34% in high grade
fibrosarcoma {181}. Another series
reported an overall 10-year survival rate
of 28%, but there was a higher chance

of  survival (48%) in primary tumours
originating from the cortical surface
{991}. In the latter series, metastases
occurred in 59/130 patients (45%),
most frequently involving lung and
other bones. In addition to poor histo-
logical differentiation, other ad- verse
prognostic factors included age over
40 years and axial skeletal location
{1647}.

290 Fibrogenic tumours
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BA

Fig. 12.05 Fibrosarcoma of tibia. A The fibrocytic cells are arranged in a haphazard fascicular rather than in the more typical "herring bone" pattern. B High power pho-
tomicrograph reveals a fairly uniform appearance of the neoplastic cells. The nuclei are ovoid, blunt-ended and have single small nucleoli and finely dispersed chromatin.
Collagen fibres appear to emanate from the nuclear poles. C Fibrosarcoma illustrating the characteristic "herringbone" pattern. D High power appearance of the pre-
vious photomicrograph.
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CHAPTER 13

Fibrohistiocytic Tumours

The concept of fibrohistiocytic tumours in all locations is cur-
rently being challenged. Stout was the first pathologist to sug-
gest that some of the very pleomorphic sarcomas, especially
those containing cells with foamy cytoplasm, represent neo-
plasms arising from histiocytes or at least have the potential of
histiocytic differentiation. 

Benign fibrous histiocytomas have the histological features of
the common metaphyseal fibrous defect but occur in adults and
in unusual locations. Some giant cell tumours may have areas
simulating benign fibrous histiocytoma.

The diagnosis of malignant fibrous histiocytoma is made when
a highly malignant spindle cell tumour is arranged in a storiform
pattern or if the tumour cells have abundant cytoplasm suggest-
ing a histiocytic origin. This tumour is rare and it does not seem
reasonable to subclassify it any further. 
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Benign fibrous histiocytoma of bone M. Kyriakos

Definition
A benign lesion of bone composed of
spindle-shaped fibroblasts, arranged in
a storiform pattern, with a variable
admixture of small, multinucleated osteo-
clast-like giant cells. Foamy cells (xan-
thoma), chronic inflammatory cells, stro-
mal haemorrhages and haemosiderin
pigment are also commonly present.

ICD-O code 8830/0

Synonyms
Fibroxanthoma, fibrous xanthoma, xan-
thofibroma, xanthogranuloma.

Epidemiology
Benign fibrous histiocytoma is rare, with
less than 100 reported cases. Patients
have ranged in age from 6 to 74 years at
diagnosis {110,180}, 60% being older
than age 20 years, with a slight female
prevalence.

Sites of involvement
Approximately 40% of benign fibrous
hisiocytomas occur in the long bones,
with femur and tibia most frequently
involved. As many as 25% of cases
involve the pelvic bones, in particular the
ilium. However, this tumour may involve
virtually any bone. In the long bones,

benign fibrous histiocytoma is centred in
the epiphysis or diaphysis.

Clinical features / Imaging
Although some patients (~15%) are
asymptomatic {180,583,1639}, in most
(65%) the lesion causes pain which may
be present for days {877} up to several
years {364,1308,1468,1781}. Occasional
patients present because of pathological
fracture {365,506,939}.
Roentgenographically, benign fibrous
histiocytoma (BFH) appears as a well
defined, benign appearing, radiolucent
medullary defect without matrix forma-
tion; internal trabeculation or pseu-
doseptations, may be evident {365}.
Approximately two-thirds of the lesions
have sclerotic margins, at times best
seen with computed tomography {100,
180,723,877,959}. The lesion may thin
and expand the cortex, however, a
periosteal reaction is lacking in the
absence of fracture {180,364,365,506,
723,765,959,1639,1781,2155}. Soft tis-
sue extension is not present. Rarely, the
lesion is less well defined, with indistinct
borders, having a pattern suggestive of
malignancy {939,2155}. At the end of a
long bone it may be central or eccentric
and be indistinguishable from a giant cell
tumour (GCT) {1355,1875}. The diagno-

sis of benign fibrous histiocytoma should
be considered in cases in which the clin-
ical radiographic setting is also compat-
ible with diagnoses of: metaphyseal
fibrous cortical defect, non-ossifying
fibroma or giant cell tumour of bone.

Macroscopy
Most lesions are 3.0 cm in diameter or
smaller {100,110,364,583,1308,1484,
1639}, although cases up to 7.0 cm have
been reported {723,2155}. The tumour
tissue is usually firm, grey-white, and fre-
quently contains irregular yellow to red-
dish brown foci.

Histopathology
The basic pattern of BFH consists of a
stroma of spindle-shaped fibroblasts,
arranged, at least focally, in a whorled,
storiform pattern, among which a variable
number of small, multinucleated, osteo-
clast-type giant cells are scattered. The
spindle cell nuclei may be dark, thin and
elongate, or round to oval and vesicular
with a micronucleolus. In rare cases the
stromal cells exhibit mild nuclear atypia
justifying the term "atypical fibrous histio-
cytoma". There is no consensus as to
how extensive or severe the degree of
atypia should be to consider a low grade
malignancy {1587,1840}. Foam (xan-
thoma) cells, with small, dark nuclei are
frequently, but not always, found inter-
spersed among the stromal cells either
individually, or in small clusters or sheet-
like masses. Scattered inflammatory
cells, mainly lymphocytes, are present,
occasionally situated in small, loose clus-
ters. Mitotic figures may be evident but
atypical forms are not present. Small stro-
mal haemorrhages are common as are
deposits of haemosiderin either as fine
cytoplasmic granules within the stromal
cells or small macrophages, or as large,
extracellular clumps. Zones of ischaemic
necrosis may occur secondary to frac-
ture. The lesion is sharply demarcated
from the adjacent uninvolved bone, scal-
loping it without permeation.
BFH must be distinguished from fibrohis-
tiocytic degenerative or repair tissue that

Fig. 13.01 Benign fibrous histiocytoma. A well
defined, lytic lesion involves the mid- diaphysis of the
fibula in a 10-year- old boy. The lesion expands and
scallops the bone.

Fig. 13.02 Benign fibrous histiocytoma. Resection
specimen of the same lesion (Fig. 13.01) shows a
pale, cream-yellow cut surface with focal rust brown
areas along its periphery. Marked cortical thinning
and endosteal scalloping are evident.
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occurs in other bone lesions, most
notably and frequently in GCT of long
bones {180,365,1468}. In an adult with a
lytic, destructive lesion at the end of a
long bone, careful search for residual
foci of GCT must be made before making
a diagnosis of BFH {180}.
BFH is histologically indistinguishable
from non-ossifying fibroma (NOF), being
separated from the latter only on clinical
and radiological grounds {1875,2286},
i.e., its location in non-long bones, or lack
of metaphyseal involvement if in a long
bone; its usual occurrence in older
patients; the presence of pain even in the
absence of pathological fracture; and a
radiological pattern that may lack the
well defined, sclerotic, bubble-type mar-
gins typical of NOF.

Immunophenotype
There are no specific marker proteins.

Prognostic factors
The prognosis is excellent, surgical curet-
tage / resection usually being curative.

Fig. 13.04 Benign fibrous histiocytoma. A Storiform arrangement of spindle cells admixed with small, mult-
inucleated osteoclast-like giant cells. Loose clusters of lymphoid cells are also present. B Clusters of foam
cells with pale cytoplasm and small, dark nuclei are seen interspersed among whorled spindle cells. Such
foam cells may be absent or so extensive as to dominate the lesion.

A

B

Fig. 13.03 Benign fibrous histiocytoma. Centre of
storiform focus shows spindle cells, whose nuclei
are elongated or oval with a fine chromatin pattern.
Note intracytoplasmic haemosiderin.
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Definition
Malignant fibrous histiocytoma (MFH)
defines a malignant neoplasm com-
posed of fibroblasts and pleomorphic
cells with a prominent storiform pattern. 

ICD-O code 8830/3

Synonyms
MFH was initially described in the bone
in 1972 by Feldman and Norman {647},
although similar tumours were earlier
described in the soft tissue by Stout and
co-workers in 1963 {1632} and 1964
{1589}. MFH has also been termed
malignant histiocytoma, xanthosarcoma,
malignant fibrous xanthoma and fibrox-
anthosarcoma.

Epidemiology
Males are more frequently affected than
females. MFH of bone is a relatively rare
tumour which represents less than 2% of
all primary malignant bone lesions. The

age of patients at the time of diagnosis is
broad and usually varies from the 2nd to
8th decades, with a higher incidence in
adults over 40 years of age. Approxi-
mately 10-15% of cases occur in patients
less than 20 years of age. MFH can arise
as a primary bone tumour or may devel-
op secondary to pre-existing bone con-
ditions such as Paget disease or bone
infarct, or at the site of bone which was
irradiated for the treatment of osseous or
extraosseous tumours {503,997,1367}.
Secondary MFH accounts for approxi-
mately 28% of all MFH {305,538,990,
1571,1648}.

Sites of involvement
Primary MFH predilects the long bones
of the lower extremities, particularly the
femur (30-45%), followed by tibia and
humerus. The knee is a common loca-
tion, with concurrent involvement of the
distal femur and proximal tibia {193}.
Among the trunk bones, the pelvis is

most frequently involved. Almost all MFH
are solitary lesions, but rare multifocal
tumours have been reported {1367}. 

Clinical features / Imaging
Clinically, most patients complain of pain
and, less frequently, swelling that varies
from 1 week to 3 years (average 7-9
months). Rarely, a pathological fracture
may be the initial presenting symptom. 
MFH in the long bones predilects the
metaphyseal region with epiphyseal
extension in some cases. Diaphyseal
location is infrequent. The tumours are
essentially osteolytic lesions, but sclerot-
ic areas may be present. The margins
are usually ill defined and a moth-eaten
or permeative pattern of bone destruc-
tion can be observed. Some tumours
have well defined borders. The cortex is
commonly involved and destroyed by the
tumour with often soft tissue extension.
Periosteal reaction is not a frequent find-
ing {1272,1522}. 

G.C. Steiner
G. Jundt
J.A. Martignetti

Malignant fibrous histiocytoma of bone

Fig. 13.05 Malignant fibrous histiocytoma of the  dis-
tal femur, presenting as large, lytic lesion with ill
defined margins and focal periosteal reaction.

Fig. 13.07 Malignant fibrous histiocytoma. Greyish-
white, circumscribed tumour with yellowish necrotic
area, focally destroying the cortex (left).

Fig. 13.06 Malignant fibrous histiocytoma.  Sagittal
T1-weighted MR image showing a large medullary
lesion with focal soft tissue extension.

294 Fibrohistiocytic tumours
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MFH occurring in metaphyseal location
can be very aggressive {1522}. The radi-
ographic features of primary MFH are
nonspecific and in older patients can
mimic lymphoma, myeloma or osteolytic
metastases. In younger patients, osteo-
sarcoma and Ewing sarcoma are includ-
ed in the differential diagnosis. MRI usu-
ally helps to demonstrate the intra- and
extraosseous extent of the tumour, but
the imaging features are not specific to
differentiate MFH from other tumours.
However, the presence of an eccentric
lytic and diaphyseal lesion with cortical
destruction and soft tissue extension, or
a metaphyseal lytic lesion that extends to
the epiphysis but not to the subchondral
bone, should raise suspicion of MFH
{1272,1522}.
In secondary MFH arising in Paget dis-
ease and bone infarct, the radiographs
indicate the presence of an underlying
bone process in most cases. 

Macroscopy
The gross appearance of this tumour is
not characteristic. It varies in colour from
tan to greyish-white, soft to firm in con-
sistency. Areas of yellowish discoloura-
tion, necrosis and haemorrhage are fre-
quently seen. The margins are irregular
and often cortical destruction and soft
tissue infiltration are present.

Histopathology
Microscopically, MFH consists mainly of a
mixed population of spindle cells, histio-
cytoid and pleomorphic cells. Varying
amounts of multinucleated giant cells of

the osteoclast type are seen as well as
foamy cells and chronic inflammatory
cells. The nuclei of the tumour cells may
be quite atypical, particularly in the malig-
nant giant cells. Typical and atypical
mitoses are present. There is a variability
of cellular patterns within these tumours.
A characteristic storiform pattern is com-
monly seen in the fibroblastic areas, in
which bundles of spindle cells are
arranged in a storiform or pinwheel pat-
tern. 
Different histological subtypes have
been described in MFH of soft tissue and
bone: storiform–pleomorphic, histiocytic,
myxoid, giant cell, and inflammatory. The
storiform-pleomorphic is the most com-
mon histological subtype in bone. The
myxoid pattern is rare. Most MFH are
high grade tumours, but a few low grade
lesions have been reported {305,538,
990,1571,1648}.

Immunophenotype
Immunomarkers are of limited value in
the diagnosis of MFH of bone. They are
useful to rule out other malignant neo-
plasms that may resemble MFH such as
leiomyosarcomas, metastatic carcino-
mas and melanomas {675}. Vimentin is
strongly positive in tumour cells. Smooth
muscle actin, indicative of myofibroblas-
tic differentiation, may be focally positive.
The presence of cytokeratin immunore-
activity in MFH is nonspecific. CD68
reactivity may be present in the tumour

cells but is not a specific marker for histi-
ocytes and therefore of no diagnostic
significance {69,2051}. 

Differential diagnosis
MFH may have foci of osteoid or primitive
bone formation at the periphery of the

Fig. 13.08 Malignant fibrous histiocytoma of bone.
Axial T2-weighted MR image demonstrating an inho-
mogeneous lesion with cortical destruction and soft
tissue extension.

Fig. 13.09 Malignant fibrous histiocytoma of bone.
Gross photograph of resected specimen shows
yellowish brown, partly cystic tumour tissue.

Fig. 13.10 Malignant fibrous histiocytoma of bone. High power view of storiform pattern containing large atyp-
ical tumour cells.
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tumours in the areas of soft tissue
involvement. This usually represents
periosteal reactive bone and not
osteosarcoma {990}. Also, foci of irregu-
lar and coarse collagen fibres within the
tumour, which are present in some
cases, can be misinterpreted as neo-
plastic osteoid. In these instances,
detailed histological evaluation will help
to rule out osteosarcoma, particularly the
MFH-like variant of osteosarcoma, which
shows unequivocal evidence of miner-
alised osteoid and bone {1528}. Fibro-
sarcoma often overlaps histologically,
clinically and radiologically with MFH. In
contrast to MFH, which contains pleo-
morphic cells and a storiform pattern,
fibrosarcoma consists of bundles of spin-
dle cells with a herringbone pattern
{538}. However, histological distinction
between one tumour and the other can
be arbitrary. 
Metastatic carcinoma with a spindle cell
component and melanoma should be
distinguished from MFH by the use of
appropriate immunomarkers. 

Genetics
In 5/7 sporadic MFHs, LOH was found for
markers within the 9p21-22 region, and
the minimally defined region of LOH
could be narrowed down even further
{1338}. Loss of the 9p21-22 region in
bone MFH has previously also been
noted using comparative genomic
hybridization {1957}. The LOH results are
in accord with mutation studies which
suggest that CDKN2A is not the critical
gene {2096}.

Genetic susceptibility 
Diaphyseal medullary stenosis with
malignant fibrous histiocytoma (DMS-
MFH) is a rare, autosomal dominant
bone dysplasia / cancer syndrome of
unknown aetiology {85,886}. The skele-
tal phenotype is characterized by cor-
tical growth abnormalities, including
diffuse diaphyseal medullary stenois
with overlying endosteal cortical thick-
ening, metaphyseal striations, and
scattered infarctions and sclerotic
areas throughout the long bones.
Notably, malignant transformation has
occurred in 13 of 40 patients in the five
reported DMS-MFH families {85,886,
1337,1521,1583}. Malignant fibrous
histiocytoma has been the consistent
diagnosis in all the tumours studied. 
Using a positional cloning strategy, 
the DMS-MFH gene was localized in
three unrelated families to chromo-
some bands 9p21-22 with a maximal 
two-point LOD score of 5.49 {1337}.

Haplotype analysis narrowed the
boundaries of the gene locus to an ~3
cM region. These results were inde-
pendently corroborated in another
DMS-MFH family {1521}.

Prognostic factors
MFH is a highly malignant neoplasm
with frequent tendency to metastasis,
particularly to the lungs (45-50%). The
recommended treatment is wide 
surgical excision. In those patients
with histologically high grade and res-
ectable lesions, preoperative chemo
therapy appears to be the standard of
care. The chemotherapy regimen is
similar to that used in osteosarcoma.
The degree of tumour necrosis in the
resected specimen after chemothera-
py is apparently an important prognos-
tic factor, as in the management of
osteosarcoma {193,1648}. In patients
with localized disease, the 5-year 
disease-free survival has been 
reported to be over 50% {246,1648}.
Radiotherapy is used particularly in
patients with inadequate surgical treat-
ment.
Favourable prognostic factors are:
younger age at manifestation (under
40 years); adequate surgical margins
and histological low grade. Some
authors report that a prominent chronic
inflammatory infiltrate is associated
with a better prognosis, as opposed to
the presence of prominent desmopla-
sia with hyalinization {2325}. The histo-
logical subtype of the lesion does not
affect the prognosis.
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Fig. 13.11 Malignant fibrous histiocytoma of bone.
Minimal region of deletion on chromosome arm 9p.
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CHAPTER 14

Ewing Sarcoma / Primitive 
Neuroectodermal Tumour

Ever since its first description by Ewing as a "diffuse endothe-
lioma", controversy has persisted about its histogenesis. The
term primitive neuroectodermal tumour describes a small cell
malignancy which is considered by some to be similar to, but
distinct from, Ewing tumour. Recent immunoperoxidase and
cytogenic studies indicate that primitive neuroectodermal
tumour and Ewing sarcoma are the same entity and should be
considered to be of neuroectodermal derivation. The prognosis
of patients with Ewing tumour has improved dramatically since
the introduction of radiation and chemotherapy.
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Ewing sarcoma / Primitive 
neuroectodermal tumour (PNET)

S. Ushigome
R. Machinami
P.H. Sorensen

Definition
Ewing sarcoma and PNET are defined as
round cell sarcomas that show varying
degrees of neuroectodermal differentia-
tion. The term Ewing sarcoma has been
used for those tumours that lack evi-
dence of neuroectodermal differentiation
as assessed by light microscopy,
immunohistochemistry, and electron
microscopy, whereas, the term PNET has
been employed for tumours that demon-
trate neuroectodermal features as evalu-
ated by one or more of these modalities.

ICD-O codes
Ewing sarcoma 9260/3
PNET 9364/3
Askin tumour 9365/3

Synonyms 
Ewing tumour, peripheral neuroepithe-
lioma, peripheral neuroblastoma, Askin
tumour.

Epidemiology
Ewing sarcoma / PNET is relatively
uncommon accounting for 6-8% of pri-
mary malignant bone tumours and is less
common than myeloma, osteosarcoma
and chondrosarcoma. It is the second
most common sarcoma in bone and soft
tissue in children. Ewing sarcoma / PNET
shows a predilection for males with the
ratio of 1.4 to 1. Nearly 80% of patients
are younger than 20 years, and the peak
age incidence is during the second
decade of life. Patients older than 30 are
extremely uncommon. Ewing sarcoma /
PNET rarely arises in Blacks.

Sites of involvement
Ewing sarcoma / PNET tends to arise in
the diaphysis or metaphyseal-diaphy-
seal portion of long bones. The pelvis
and ribs are also common locations. The
skull, vertebra, scapula, and short tubu-
lar bones of hands and feet are rarely
involved.

Clinical features / Imaging
Pain and a mass in the involved area are
the most common clinical symptoms.

Fever (remittent, about 38°C), anaemia,
leukocytosis and increase in sedimenta-
tion rate are often seen. Pathological
fracture is an uncommon complication. 
Radiographically, an ill defined osteolytic
lesion involving the diaphysis of a long
tubular bone or flat bone is the most
common feature. Permeative or moth-
eaten bone destruction often associated
with "onion-skin" like multilayered
periosteal reaction is characteristic. The
cortex overlying the tumour is irregularly
thinned or thickened. A large, ill-defined
soft tissue mass is a frequent association
in Ewing tumour. Expansile bone
destruction with soap-bubble appear-
ance might be seen.
MRI and CT study help demonstrate the
extent of the tumour in the bone and soft
tissue.

Macroscopy
The tumour in bone and soft tissue is
tan–grey and often necrotic and haemor-

rhagic. Necrotic yellowish and semi-fluid
tissue obtained from intramedullary or
subperiosteal lesion at open biopsy
might grossly be erroneously interpreted
as pus by surgeons. Some soft tissue
tumours may be associated with a large
peripheral nerve.

Histopathology
The morphology of the tumour is vari-
able. Most cases are composed of uni-
form small round cells with round nuclei
containing fine chromatin, scanty clear
or eosinophilic cytoplasm, and indistinct
cytoplasmic membranes, whereas in
others, the tumour cells are larger, have
prominent nucleoli, and irregular con-
tours {1540}. The cytoplasm of the
tumour cells frequently contains PAS
positive glycogen. In soft tissue tumours, 
the tumour cells rarely have a spindle
cell morphology. In some cases
Homer–Wright rosettes are present
{2161}. Necrosis is common with viable

Fig. 14.01 Ewing sarcoma of the left humerus in a 6-year-old boy. A Periosteal new bone formation show-
ing "onion-skin" appearance. B Axial T1-weighted MRI of the same lesion. Both intraosseous and
extraosseous tumours are more clearly demonstrated than on plain X-ray.

BA
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cells frequently perivascular in distribu-
tion.

Immunophenotype
CD99 is expressed in almost all cases in
a characteristic membranous fashion,
though it is not specific. Vimentin stains
most tumour cells and neural markers
such as neuron specific enolase (NSE),
are frequently expressed. Ewing sarco-
ma / PNET has also been shown to stain
with keratin in some cases.

Ultrastructure
Ewing sarcoma / PNET is composed of
primitive round to oval tumour cells often
with glycogen aggregates in the cyto-
plasm. Fine cytoplasmic processes are
often observed. Primitive intercellular
junctions are often seen. Neurosecretory
granules (100-150 nm) and microtubules
may be present. 

Genetics 
The Ewing family of tumours (EFT) is
characterized by a recurrent t(11;22)
(q24;q12) chromosomal translocation,

detectable in approximately 85% of the
cases {96,2146,2257}. Secondary chro-
mosomal aberrations, notably gains of
chromosome arm 1q and chromosomes
8 and 12 occur in more than half of the
cases. Molecular cloning of the t(11;22)
breakpoints revealed an in-frame fusion
between the 5’ end of the EWS gene from
chromosome band 22q12 with the 3’ por-
tion of the 11q24 FLI1 gene, a member of
the ETS family of transcription factors
{497,1360}. It was subsequently found
that another 10-15% of cases have a
variant t(21;22)(q22;q12) translocation
fusing EWS to a closely related ETS
gene, ERG from chromosome band
21q22 {790,1995,2351}. In 1% or less of
EFT cases, t(7;22), t(17;22), and t(2;22)
translocations and inv(22) have been
described that give rise to fusions
between EWS and the ETS genes ETV1,
E1AF, FEV, and ZSG, respectively
{1038,1060,1693,2159}. Therefore, virtu-
ally all EFTs appear to express some
form of EWS/ETS gene fusion {496}.
Chimeric transcripts analysed to date all
encode the N-terminal transcriptional

activation domain of EWS fused to the C-
terminal DNA binding domain of the ETS
partner (reviewed in {89}). EWS/FLI1 has
potent oncogenic activity {1360}, and
many studies have suggested that it and
other EWS/ETS chimeric proteins func-
tion as aberrant transcription factors
binding to ETS target genes {111,1242,
1361,1598}. In this regard, a number of
up-regulated genes have been identified
in EWS/FLI1 expressing cells {88, 248,
1359, 2110}. One target is suggested by
the observation that EWS/ETS proteins
down-regulate expression of the TGF-β
type II receptor (TGFBR2), a putative
tumour suppressor {865,1003}. TGF-β
signalling induces apoptosis in many cell
types, and, therefore, repression of
TGFBR2 may provide EFT cells with a
mechanism to avoid programmed cell
death. Inactivation of the INK4a locus
encoding the CDKN2A cell cycle
inhibitor is the second most common
genetic alteration in EFTs {1162}. The sig-
nificance of this finding is underscored
by the recent observation that loss of
CDKN2A stabilises the EWS/FLI1 onco-

BA
Fig. 14.04 Ewing sarcoma / PNET. A Rosette-like structures are occasionally found. B Immunohistochemi-cal
expression of CD99 showing characteristic reactivity on the cell membranes.

BA
Fig. 14.02 Ewing sarcoma. A Uniform round cells with uniform round nuclei. B Histology of Ewing tumour / PNET predominantly composed of rosettes of small round cells
and luminal fibrillary processes.
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Fig. 14.03 Ewing sarcoma. MRI (T1 image) of pelvic
tumour showing a huge soft tissue mass outside and
inside the iliac wing.
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protein {501}, and that CDKN2A muta-
tions may be associated with poor out-
come in EFTs {2228}. 
Genetic diagnostic approaches include
chromosome banding analysis, inter-
phase fluorescence in situ hybridisation,
RT-PCR assays, and Southern blotting. It
is advisable to have available more than
one diagnostic modality, to be able to
confirm unexpected or discrepant results
{126,549,1181,1204,1380,1694,1996}.
Detection of fusion transcripts in periph-
eral blood or bone marrow is a sensitive
marker of minimal residual disease {462,

2252,2348}, although the clinical signifi-
cance of such a finding remains to be
determined {94,1380} 

Prognostic factors
The prognosis in Ewing sarcoma / PNET
has improved in the modern era of treat-
ment and current survival rate is estimat-
ed to be 41%. Important prognostic fea-
tures include the stage, anatomic loca-
tion and the size of the tumour. Tumours,
that are metastatic at the time of diagno-
sis, arise in the pelvis, and are large tend
to do poorly. In addition to its diagnostic

utility, EWS/ETS fusion status also pro-
vides prognostic information. Further
diversity of these rearrangements is con-
ferred by different combinations of
exons from EWS and its partner genes
giving rise to variably sized chimeric
proteins {2351}. Among loco-regional
tumours with EWS/FLI1 gene fusions, the
most common so-called type 1 gene
fusion (in which EWS exon 7 is fused to
FLI1 exon 6) has been reported to be
associated with a better prognosis than
cases with larger, less common, fusion
types {460}.

BA
Fig. 14.05 Ewing sarcoma. A Karyotype showing the most common rearrangement, a translocation t(11;22)(q24;q12). Arrowheads indicate breakpoints. B Schematic dia-
gram of EWS-ETS gene fusions in Ewing family of tumours.
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CHAPTER 15

Haematopoietic Neoplasms

There are no benign neoplasms of haematopoietic derivation in
the skeleton. The malignant tumours can be divided broadly into
two groups – myeloma and lymphoma.

Myeloma is the most common neoplasm of bone.The majority is
diagnosed with a bone marrow aspirate, rather than a bone
biopsy. Most patients have disseminated disease, associated
with a poor prognosis. Some have solitary myeloma with a more
favourable clinical course but eventually, most become multi-
focal. A small percentage of patients have sclerotic bone
lesions, which may be associated with paraneoplastic syn-
dromes, especially peripheral neuropathy.

Lymphoma of bone may be primary or secondary to systemic
disease. Most are diffuse large B-cell type lymphomas.
Leukaemic infiltrates such as with granulocytic leukaemia have
to be differentiated from lymphomas with the aid of immunohis-
tochemistry.
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Plasma cell myeloma F.J. Martinez-Tello
M. Calvo–Asensio
J.C. Lorenzo-Roldan

Definition
Plasma cell myeloma is a monoclonal
neoplastic proliferation of plasma cells of
bone-marrow derivation, usually multi-
centric, that eventually infiltrates various
organs but rarely produces plasma cell
leukaemia. It is characterized by osteo-
lytic lesions, bone pain, hypercalcemia,
a monoclonal gammopathy, and disor-
ders due to depositon of abnormal
immunoglobulin chains (amyloid) in vari-
ous tissues, including kidney.

ICD-O code 9732/3

Synonyms and variants
Myeloma, multiple myeloma.
The following variants of plasma cell
myeloma have been described {844}:
non-secretory myeloma, indolent myelo-
ma , smoldering myeloma, plasma–cell
leukaemia (PCL), in addition to extra-
medullary plasmacytoma, and solitary
plasmacytoma of bone. The exact dis-
tinction is based on clinical and radi-
ographic features.

Epidemiology
Plasma cell myeloma is the most fre-
quent tumour that occurs primarily in
bone and the most common lymphoid
neoplasm in Blacks and the second
most common in Whites. It is rare in indi-
viduals younger than 40 years (less than
10%). Most patients are in the sixth and
seven decades of life. The median age

at diagnosis is 68 years in males and 70
in females. Both sexes are equally affect-
ed {512}.

Sites of involvement
The bones that contain haematologic
marrow in adults are the most frequently
involved: vertebrae, ribs, skull, pelvis,
femur, clavicle and scapula {843,1850}.

Clinical features / Imaging
The extensive osteolytic skeletal lesions
cause bone pain, pathological fractures,
hypercalcemia and anaemia. The lumbar
or thoracic spinal regions are most often
affected by pain. Frequently a pathologi-
cal fracture is the first symptom. Most
fractures affect the spine. Neurologic
symptoms due to spinal cord or nerve
roots lesions, secondary to extraosseous
extension of the tumour or pathological
fracture, are frequently observed.
Peripheral neuropathy is increasingly
observed with the osteosclerotic variant
of multiple myeloma but it is rare with
classic plasma cell myeloma {2155}.
Anaemia is a consequence of marrow
destruction and renal damage with
resultant loss of erythropoetin {122}. An
M-component is found in the serum or
urine in 99% of the patients. The mono-
clonal proteins are in 50% of the cases of
the IgG class, 25-20% of the IgA class,
and, rarely, of the IgM, IgD or IgE class-
es. Biclonal gammopathies are found in
1% and a monoclonal light chain

(Bence-Jones protein) is found in the
serum in 75% of the patients {1850}.
Renal failure is the result of tubular
lesions due to monoclonal light chain

B CA
Fig. 15.01 Plasma cell myeloma. A Plain radiograph of the lumbo-sacral region of the spine shows a very light radiolucency of the right wing of the sacrum. B CT
scan of the same patient, at the level of S2, shows loss of the cancellous bone of the right wing of the sacrum, of a large area of the vertebral body, and small scal-
loping of the endosteal surface of the cortical bone. C Patient with POEMS syndrome with multiple lesions in the skeleton. CT scan of L1 with extensive radiodense
areas, and points of disruption in the anterior cortex.
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> Plasmacytoma on biopsy
> Marrow plasmacytosis (>30%)
> M component:

Serum IgG>3.5g/dl, IgA>2g/dl
Urine ->Ig/24 hr or kappa or lambda
(Bence Jones protein) without amyloidosis

> Marrow plasmacytosis (10-30%)
> M component present but less than listed

above
> Lytic bone lesions
> Reduced normal levels of immunoglobulins

(<50% normal: IgG <600mg/dl, IgA<100 mg/dl,
IgM<50mg/dl)

The diagnosis of myeloma requires a minimum
of one major and one minor criterion or three
minor criteria, which must include the first
two. These criteria must be present in a clini-
cal setting of symptomatic and progressive
disease.

_______________________
From references {843,1850}.

Table 15.01
Diagnostic criteria for plasma cell myeloma.

Major criteria:

Minor criteria:
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proteinuria. The patients have often
recurrent bacterial infections, partially
because a decreased normal immuno-
globulin production due to displacement
by the neoplastic clone.
The myelomatous bone lesions are lytic,
sharply demarcated lesions, being the
consequence of replacement of bone
trabeculae by tumour tissue, are not sur-
rounded by a sclerotic zone and may
reach 5 cm in its greatest diameter.

Erosions of the cortex are commonly
observed but prominent periosteal new
bone formation is not. Expansion of the
affected bone may occur in bones with a
small diameter, such as the ribs. The ear-
liest and more severe changes are seen
in the skull, vertebrae, ribs and pelvis.
About 12-25% of patients have no
detectable foci of bone destruction at
presentation but may show generalised
osteoporosis {2155}. Solitary myeloma
lesions are also typically lytic and may
also expand the bone. Infrequently the
lesions in plasma cell myeloma may be
sclerotic, which are typical for the very
rare POEMS syndrome (polyneuropathy,
organomegaly, endocrinopathy, mono-
clonal gammopathy, skin changes) {122,
871}. CT and MRI studies may discover a
very subtle small lesion not visible on
plain radiographs. The features of MRI
are variable, because plasma cell myelo-
ma does not involve the marrow in a
homogeneous fashion and because the
extent of fatty marrow replacement which
varies with age. For differential diagnosis
metastatic carcinoma, malignant lym-
phoma, and hyperparathyroidism have to
be considered. The lesions of metastatic
carcinoma and malignant lymphoma are
usually positive on bone scan, whereas
those of myeloma are usually not {538}.

Aetiology
The aetiology is largely unknown.
Possible, but unproven, aetiologic fac-
tors include long standing chronic infec-
tions (chronic osteomyelitis, rheumatoid
arthritis, etc.), exposure to low level radi-
ation (radiologists, nuclear plant work-

ers), and exposure to asbestos, pesti-
cides, petroleum products, rubber, plas-
tic and wood products {1851}. Some
cases of POEMS syndrome have been
associated with Kaposi sarcoma / human
herpesvirus 8 infection {154,1467}.

Macroscopy
Biopsy or curettage samples show frag-
ments of tan-grey soft tissue. At autopsy,
soft pink or grey friable masses are the

Fig. 15.02 Plasma cell myeloma. Patient with POEMS
syndrome with multiple lesions in the skeleton. X-ray
of the dorso-lumbar region of the spine showing
marked radiodensity with a less radiodense central
area. The discal space L1-L2 is typically diminished.

Fig. 15.03 Plasma cell myeloma. Photographs of
gross autopsy specimens. The normal bone struc-
ture and bone marrow of the vertebral bodies are
replaced by a gelatinous haemorrhagic tissue.

BA
Fig. 15.04 Plasma cell myeloma. A High power view shows cells with eccentric round or oval nuclei, with a speckled chromatin and abundant cytoplasm, that in the tis-
sue section stains pink. B Poorly differentiated plasma cell myeloma, showing cellular pleomorphism with frequent multinucleated cells and atypical mito-tic features,
consistent with the term "anaplastic myeloma".
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typical appearance. Diffuse involve-
ment of bone marrow and discrete nod-
ules are also common. Some plasma
cell myelomas may simulate a lym-
phoma showing a fish-flesh appear-
ance. It is quite common to see expan-
sion of the affected bone and extraos-
sous extension, collapse of one or sev-
eral vertebral bodies and pathological
fractures. Very infrequently the tumour
masses have a grey, waxy appearance
due to extensive amyloid deposition.
Unusual cases have a combination of
lytic and sclerotic changes.

Histopathology
Plasma cell myeloma is a neoplasm of
round or oval cells of the plasma cell
lineage showing a spectrum of variable
features of cellular maturity that have
prognostic significance. Well differenti-
ated tumours show sheets of closely
packed cells, that resemble normal
plasma cells, with little intercellular
matrix. In the histological sections these
cells have abundant, dense eosino-
philic cytoplasm and show distinct cell
outlines. The nucleus is eccentric, with
the chromatin clustered at the periph-
ery, often showing a cartwheel appear-
ance and a prominent nucleolus. Mitotic
figures are rare in well differentiated
plasma cell myeloma The cytological
features are better observed in Giemsa
stained preparations in which the cyto-
plasm is basophilic with a perinuclear

clear zone that correspond ultrastruc-
turally to a well developed RER and a
prominent Golgi centre, respectively.
The tumour cells may accumulate
immuno-globulins in the cytoplasm and
show a morular appearance or "Mott
cells". Extracellular globules of poly-
merized immunoglobulines, called
Russell bodies, may be also observed.
The cells of less differentiated tumours
show nuclei with less clumping of the
chromatin and enlarged nucleoli, and
the cytoplasmic membrane becomes
indistinct. The poorly differentiated
plasma cell myeloma may show atypi-
cal cells, with occasional double nuclei,
brisk mitotic activity and atypical mitot-
ic figures making difficult to recognize
the plasma cell nature of the cells.

Immunophenotype
Myeloma cells have the same features
as normal plasma cells and express
their own distinct antigen [plasma cell
associated antigen (PCA, CD38)]
{1270}. Plasma cell myeloma character-
istically expreses monotypic cytoplas-
mic Ig and lacks surface Ig. In about
85% both heavy and light chains 
are produced, but in the remaining
cases light chain only is expressed
(Bence–Jones myeloma) {1178}. The
monotypic expression of kappa or
lambda immunoglobulin by the tumour
cells establishes the diagnosis of malig-
nancy {2169}. Myeloma cells frequently
express the natural killer antigen
CD56/58 which is not expressed in
reactive plasma cells {405}. The ma-
jority of myelomas lack the pan-B 
antigens CD19 and CD20, while CD38
and the Ig-associated antigen CD79a
are expressed in most cases {1270},
and CD138 {498} is a reliable marker for
identifying and quantifying normal and
tumoural plasma cells in paraffin sec-
tions. Myeloma cells may be positive for
EMA {841}. Few cases may express
CD10 {842} and occasionally plasma
cell myeloma may show aberrant
expression of myelomonocytic antigen
{123}.

Prognostic factors
Multiple myeloma is generally an incur-
able disease (median survival 3 years;
10% survival at 10 years {560,1850}. A
shorter survival time is associated with
a higher stage {133,561}, renal insuffi-
ciency {133,561}, degree of marrow

Fig. 15.05 Plasma cell myeloma. Low power appearance shows a rich vascular pattern. The tumour cells sur-
round the vascular channels, simulating a haemangiopericytomatous pattern.

Fig. 15.06 Plasma cell myeloma. A A so called "Mott
cell" is shown in the centre of the picture, with grape-
like cytoplasmic inclusions. The cell is surrounded by
numerous Russell bodies. B Plasma cell myeloma
containing amyloid. Deposition of pale, waxy amor-
phous proteinaceous material in between neoplastic
plasma cells (Congo red stain). C Immunoexpression
of CD 138 in almost all neoplastic cells.

B

C

A
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replacement by tumour cells {1154},
cellular immaturity and atypia {1851},
high Ki-67 proliferation antigen levels
{842} and chromosome deletion of
13q14 and 17p13 {1682}. The lack or
weak expression of CD56 delineates a
special subset of plasma cell myeloma
at diagnosis with a lower osteolytic
potential and a trend to develop a PCL
{138}. The prognosis is better in solitary
lesions.

Table 15.02
Diagnostic criteria of solitary myeloma (plasmacytoma of bone).

> A single tumour in the bone marrow showing identical macroscopic, microscopic, immunophenotype
and genetic features to those of plasma cell myeloma

> Solitary osteolytic lesion on radiological studies
> Absence of other lesions on complete skeletal radiographs
> No evidence of plasmacytosis in the bone marrow away of the solitary lesion
_______________________________________
From references {137,719,834,1194,1260,1391}.

Diagnostic criteria
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Definition
Malignant lymphoma is a neoplasm com-
posed of malignant lymphoid cells, pro-
ducing a tumefactive lesion within bone.

ICD-O code 9590/3

Synonyms
Reticulum cell sarcoma, primary non-
Hodgkin lymphoma of bone, Hodgkin
lymphoma.

Epidemiology
Malignant lymphoma involving bone is
unusual, accounting for approximate-
ly 7% of all bone malignancies. Lym-
phomas involving bone account for
about 5% of extranodal lymphoma.
Radiographic studies {249} show that
16% of patients with lymphoma have evi-
dence of bone involvement. Patients may
be of any age group but there is a ten-
dency to involve adults, especially older
adults. There is a male predominance
{943}.

Sites of involvement
Lymphoma affects portions of bone with
persistent red marrow. The femur is the
most commonly involved single site. The
spine and the pelvic bones are other
common sites. It is extremely unusual to
see malignant lymphoma involving the
small bones of the hands and feet. When
malignant lymphoma presents in the
spine or in the maxillary antrum, it is often
difficult to know whether the process is
primary in bone or in soft tissues.

Clinical features / Imaging
The majority of patients with lymphoma
present with bone pain. Some patients
present with a palpable mass. Neurolog-
ical symptoms are common with involve-
ment of the spine. Patients with primary
lymphoma of bone rarely present with
systemic or B symptoms, such as fever
or night sweats. Occasionally, symptoms
associated with hypercalcemia, such as
constipation, lethargy and somnolence
may be present {1512}. Lymphoma
involving bone can be separated into
four groups:
1) a single skeletal site, with or without
regional lymph node involvement;
2) multiple bones are involved, but there
is no visceral or lymph node involvement;
3) patients present with a bone tumour
but work up shows involvement of other

visceral sites or multiple lymph node at
multiple sites;
4) the patient has a known lymphoma
and a bone biopsy is done to rule out
involvement of bone.
Groups 1 and 2 are considered primary
lymphoma of bone. 
The roentgenographic features are quite
variable and somewhat non-specific. In
the long bones, the diaphysis tends to be
preferentially involved. The tumour tends
to involve a large portion of the bone; it is
not unusual to see destruction of up to half
of the bone. Occasionally, the entire bone
is destroyed. The process is poorly
demarcated with a wide area of transition
from normal bone. There may be variable
sclerosis; rarely, the tumour is very scle-
rotic or entirely lytic. More commonly,
however, it is a mixture of lysis and sclero-
sis. The cortex is frequently destroyed
and there is a large soft tissue mass. In a
flat bone, such as the pelvis, large areas
of destruction with soft tissue extension on
either side suggest a diagnosis of lym-
phoma. Periosteal new bone formation is
unusual. A purely sclerotic lesion may be
mistaken for Paget disease. If the cortex is
not involved, the marrow destruction may
not be obvious on plain roentgenograms.
Radionuclide bone scan is almost always
positive. Magnetic resonance images
show signal abnormalities in the marrow,

K.K. Unni
P.C.W. Hogendoorn

Malignant lymphoma

Fig. 15.07 Malignant lymphoma of femur and tibia.
Note extensive lytic and sclerotic lesions.
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BA
Fig. 15.08 Malignant lymphoma in a 15-year-old boy. A Plain roentgenogram does not reveal the lesion. 
B MRI of the same case shows multifocal involvement of bone with signal changes.
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whereas the plain roentgenograms may
be completely normal. 

Macroscopy
It is unusual to see gross specimens of
malignant lymphoma involving bone,
because the treatment is usually with
radiation and/or chemotherapy, following
diagnoses made with needle biopsies.
However, a portion of bone may be
resected if the patient presents with a
pathological fracture. Grossly, a large
portion of bone is involved, with cortical
destruction. The lesion has the soft fish-
flesh appearance of lymphoma else-
where in the body.

Histopathology
The majority of lymphomas involving the
skeleton show a diffuse growth pattern.
Although bone marrow involvement is not
uncommon in follicular small cleaved cell
lymphoma, it is unusual to have this type
of lymphoma present as a destructive

bone tumour. Similarly, chronic lympho-
cytic leukaemia rarely presents as a
tumefactive process. Consequently, most
skeletal lymphomas are diffuse large cell
type. It has a very characteristic growth
pattern similar to involvement elsewhere,
and tends to leave behind normal struc-
tures, such as medullary bone and mar-
row fat cells and permeate between
these structures. The bony trabeculae
may appear normal or may appear thick-
ened or irregular, even pagetoid. 92% of
primary non-Hodgkin lymphoma of bone
was found to be of the large B cell type
and only 3% diffuse follicle centre cell,
3% anaplastic large cell and 2% immuno-
cytoma {943}. The cytological features of
the large B-cell type show quite a bit of
variation including marked multilobation
{1703}. The nuclei tend to be large and
irregular with a cleaved appearance.
There frequently is a mixture of small,
medium and large cells, giving rise to a
polymorphic appearance. Nucleoli may

be prominent. The cytoplasm is not abun-
dant but may be amphophilic. Fine retic-
ulin fibres are present between individual
tumour cells. Occasionally, this gives rise
to thick, fibrous bands. Rarely a lym-
phoma will have so much fibrosis that the
tumour cells may spindle, even showing
a storiform pattern, leading to an erro-
neous diagnosis of a sarcoma. Another
common finding is associated infiltrate of
non-neoplastic small lymphocytes. One
problem with the diagnosis of lymphoma
in bone is that the cells tend to get
crushed. One may not be able to identify
individual tumour cells but see complete
replacement of the marrow with DNA
smears. This may be associated with a
very fine fibrosis. If a bone biopsy shows
such crush artefact, a diagnosis of malig-
nant lymphoma should be suspected.
Hodgkin lymphoma may involve the
skeleton as a manifestation of wide-
spread disease and produce a tumour
mass but primary manifestations are

DC

BA

Fig. 15.09 Malignant lymphoma. A In this low power appearance, the bony trabeculae are thickened and tumour cells fill up the marrow spaces. B Medium power appear-
ance of the neoplastic infiltrate. C In some cases lymphoma cells may cluster as shown in this photomicrograph. D Although nuclei are round and small there is more
variation in size and shape of nuclei than is seen in Ewing sarcoma.
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rare. Classical Reed-Sternberg cells with
bi-lobed nuclei and prominent nucleoli
are present but may be difficult to find.
More commonly, one finds variants, such
as large cells with large nuclei and
prominent nucleoli. Variation in size and
shape of the cells, especially the pres-
ence of plasma cells and eosinophils
should alert one to the possibility of
Hodgkin lymphoma. Areas of necrosis
may be also prominent. Nodular scleros-
ing Hodgkin lymphoma and mixed cellu-
larity are the usual types {1623}.
Leukaemic infiltrates may produce a
tumour mass centred in bone. Patients

with chronic or acute myelogenous
leukaemia may present with destructive
lesions of bone or granulocytic sarcoma
{1390}. The clinical course may be indo-
lent {2247}. Histological features of the
infiltrating cells recapitulate the features
of the systemic disease.

Immunophenotype
Immunoperoxidase stains have become
indispensable in the recognition and
subclassification of malignant lym-
phoma. Lymphomas involving bone are
usually worked up in the same way as
lymph node counterparts. Almost all pri-
mary lymphomas involving bone are B-
cell neoplasms and hence stain with
CD20 {943}. T-cell lymphomas and
anaplastic large lymphomas are vanish-
ingly rare. CD15 and CD30 stains recog-
nize Reed-Sternberg cells of Hodgkin
disease and myeloperoxidase reactions
help support a diagnosis of granulocytic
sarcoma.

Genetics 
Specific studies on primary lymphomas
of bone are lacking.

Prognostic factors
Although the prognosis of lymphoma
has been reportedly associated with cell
type {544} the most important prognostic
indicator is the stage of the disease.
Patients with the first two stages do
remarkably well, whereas patients with
stage 3 and stage 4 disease fare poorly
{1626}. Recent data on primary non-
Hodgkin lymphoma of bone show a 
5-year overall survival of 61%, and 46%
of patients progression free at 5 years,
notwithstanding heterogeneous treat-
ment in that series {943}. Patients at
presentation older than 60 years have a
worse overall survival and a worse pro-
gression-free period. Patients with the
immunoblastic subtype have a worse
survival than the centroblastic mono /
polymorphic subtype or the centroblas-
tic multilobated subtype. Tumour local-
ization is not found to be a significant
prognostic factor. According to the Ann
Arbor classification there is no dif-
ference in survival between stage I and
stage II tumours and just a trend towards
worse prognosis in stage IV tumours
{943}.

Fig. 15.10 Malignant lymphoma. Crush artefact is fre-
quently present.
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CHAPTER 16

Giant Cell Tumours

Almost any kind of lesion in bone can contain giant cells, some-
times numerous. In order to qualify as a giant cell tumour, the
neoplasm has to have a combination of round to oval mono-
nuclear cells and more or less uniformly distributed giant cells.
Moreover, the nuclei of the giant cells should be very similar to
those of the mononuclear cells.

Giant cell tumours occur in skeletally mature individuals and
there is a slight female predominance. The ends of long bones
and the body of the vertebrae are typical sites. The tumour is
locally aggressive, but distant metastases are uncommon.
When metastases do occur, they rarely prove fatal and hence
the term benign metastases is appropriate.

Malignant change in giant cell tumour is uncommon. A sarcoma
may co-exist with a giant cell tumour (primary) or may arise at
the site of a previously diagnosed giant cell tumour (secondary).
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Giant cell tumour R. Reid
S.S. Banerjee
R. Sciot

Definition
Giant cell tumour is a benign, locally
aggressive neoplasm which is com-
posed of sheets of neoplastic ovoid
mononuclear cells interspersed with
uniformly distributed large, osteoclast-
like giant cells.

ICD-O code 9250/1

Synonym
Osteoclastoma.

Epidemiology
Giant cell tumour represents around 4-
5% of all primary bone tumours, and
approximately 20% of benign primary
bone tumours. The peak incidence is
between the ages of 20 and 45.
Although 10-15% of cases occur in the
second decade, giant cell tumour is sel-
dom seen in skeletally immature individ-
uals and very rarely in children below 10
years {299,538,1875,2155}. There is a

slight female predominance in some
large series. There is no striking racial
variation, but there may be some geo-
graphic variation.

Sites of involvement
Giant cell tumours typically affect the
ends of long bones, especially the dis-
tal femur, proximal tibia, distal radius
and proximal humerus. Around 5%
affect flat bones, especially those of the
pelvis. The sacrum is the commonest
site in the axial skeleton, while other ver-
tebral bodies are less often involved.
Fewer than 5% of cases affect the tubu-
lar bones of the hands and feet {200}.
Multicentric giant cell tumors are very
rare and tend to involve the small bones
of the distal extremities.
Rarely, tumours with the morphology of
giant cell tumour arise primarily within
soft tissue {702}.

Clinical features / Imaging
Patients with giant cell tumour typically
present with pain, swelling and often
limitation of joint movement; pathologi-
cal fracture is seen in 5-10% of patients.
Plain X-rays of lesions in long bones
usually show an expanding and eccen-
tric area of lysis. The lesion normally
involves the epiphysis and adjacent
metaphysis; frequently, there is exten-
sion up to the subchondral plate, some-
times with joint involvement. Rarely, the
tumour is confined to the metaphysis,
usually in adolescents where the tumour
lies in relation to an open growth plate,
but occasionally also in older adults.
Diaphyseal lesions are exceptional.
The margins of the lesion vary; this is
the basis of a radiological grading/stag-
ing system {299}. Type 1, ‘quiescent’,
lesions have a well-defined margin with
surrounding sclerosis and show little, if
any, cortical involvement. Type 2,
‘active’ tumours have well-defined mar-
gins, but lack sclerosis; the cortex is
thinned and expanded. Type 3, ‘aggres-
sive’ tumours have ill-defined margins
often with cortical destruction and soft
tissue extension. This grading system

does not correlate well with histological
appearances. On occasion, a giant cell
tumour has a trabeculated ‘soap-bub-
ble’ appearance. In the tubular bones of
the hands and feet, the x-ray appear-
ances are similar to those seen in long
bones. Tumours of sacrum and pelvic
bones are also lytic, commonly involve
adjacent soft tissues and may affect
sacro-iliac and hip joints.
There is seldom much reactive
periosteal new bone formation. Only
occasionally is radiologically evident
matrix produced within the tumour, usu-
ally in long standing lesions.
CT scanning gives a more accurate
assessment of cortical thinning and
penetration than plain radiographs. MR
imaging is most useful in assessing the
extent of intra-osseous spread and
defining soft tissue and joint involve-
ment. Giant cell tumour typically shows
low to intermediate signal intensity on
T1 weighted images and intermediate to
high intensity on T2 images. Large
amounts of haemosiderin are often
present giving areas of low signal in
both modalities.

Macroscopy
The appearance of an intact specimen
mirrors the radiological appearances in

Fig. 16.01 Giant cell tumour. Large, expansile area
of lysis with a sclerotic border, cortical thinning,
and extension to the subchondral plate.

Fig. 16.02 Giant cell tumour of the proximal humerus.
MRI shows a well demarcated lesion with focal
destruction of cortex and extension into the epiphysis.
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its eccentric location and fairly well
defined area of bone destruction. This is
often bounded by a thin and often
incomplete shell of reactive bone.
Although the tumour frequently erodes
the subchondral bone to reach the deep
surface of the articular cartilage, it sel-
dom penetrates it. The tissue is usually
soft and reddish brown, but there may
be yellowish areas corresponding to
xanthomatous change, and firmer whiter
areas where there is fibrosis. Blood-
filled cystic spaces are sometimes seen
and, when extensive, this may cause
confusion with an aneurysmal bone
cyst.

Histopathology 
The characteristic histopathological
appearance is of round to oval polygo-
nal or elongated mononuclear cells

evenly mixed with numerous osteoclast-
like giant cells which may be very large
and contain 50 to 100 nuclei. The nuclei
of the stromal cells are very similar to
those of the osteoclasts, having an open
chromatin pattern and one or two small
nucleoli. The cytoplasm is ill-defined,
and there is little intercellular collagen.
Mitotic figures are invariably present;
they vary from 2 to 20 per ten high
power fields. Atypical mitoses are not,
however, seen and their presence
should point to a diagnosis of a giant
cell rich sarcoma. Occasional binucle-
ate and trinucleate cells are seen. 
It is now generally accepted that the
characteristic large osteoclastic giant
cells are not neoplastic. The mononu-
clear cells, which represent the neo-
plastic component, are thought to arise
from primitive mesenchymal stromal

cells. They express RANKL, which stim-
ulates formation and maturation of
osteoclasts from osteoclast precursors
{1814,2342}; these cells of monocyte
lineage represent a second, minor, com-
ponent of the mononuclear cells.
There are variations from these standard
appearances. In some cases, the mono-
nuclear cells are more spindle shaped,
and they may be arranged in a storiform
growth pattern. Commonly, small num-
bers of foam cells are present, and in 
rare cases this is the predominant pat-
tern thus simulating a fibrous histiocy-
toma. There may be areas of fibrosis,
while secondary aneurysmal bone cyst
change occurs in 10% or so. Small foci
of bone formation within the tumour are
found, especially after pathological frac-
ture or biopsy. When the tumour extends
into soft tissue or is present in lung, the
histological features are identical to the
primary lesion, and there is often a
peripheral shell of reactive bone. A strik-
ing feature, in one third of cases, is the
presence of intravascular plugs, partic-
ularly at the periphery of the tumour; this
does not appear to be of prognostic sig-
nificance. Areas of necrosis are com-
mon, especially in large lesions. These
may be accompanied by focal nuclear
atypia which may suggest malignancy. 

Fig. 16.05 Giant cell tumour. In some cases like this one, a storiform arrangement of fibroblasts and
macrophages resembles a benign fibrous histiocytoma.

BA
Fig. 16.04 Giant cell tumour. A Typical appearance with large osteoclasts and uniform ovoid mononuclear
cells. B The vascular lumen contains a mixture of spindle and giant cells.

Fig. 16.03 Giant cell tumour. Large haemorrhagic
tumour of the proximal humerus with extensive corti-
cal destruction and soft tissue extension.
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Immunophenotype 
The giant cells have the typical
immunophenotype of normal osteo-
clasts, expressing markers of histiocytic
lineage.

Genetics
Telomeric association is the most fre-
quent chromosomal aberration. A re-
duction in telomere length (average loss
of 500 base pairs) has been demon-
strated in giant cell tumour cells when
compared to leukocytes from the same
patients {1898}. The telomeres most
commonly affected are 11p, 13p, 14p,
15p, 19q, 20q and 21p {262,1644,
1909,2090,2343}. Giant cell tumours
with a fibrohistiocytic reaction do not dif-
fer karyotypically from the others {1909}.
This observation supports the hypo-
thesis that these lesions are true giant
cell tumours rather than a different en-

tity like a fibroxanthoma. It is of interest
that four cases of giant cell tumour also
showed rearrangements in 16q22 or
17p13 {262,1488,1909}. These findings
might indicate the possible presence of
an associated aneurysmal bone cyst. It
has been suggested that there is an
association between the the presence
or absence of chromosomal aberrations
and clinical behaviour of giant cell
tumours {262}.

Prognostic factors
Giant cell tumour is capable of locally
aggressive behaviour and occasionally
of distant metastasis. Histology does not
predict the extent of local aggression.
Following treatment by curettage, sup-
plemented with bone grafting, cementa-
tion, cryotherapy, or instillation of phe-
nol, local recurrence occurs in approxi-
mately 25% of patients. Recurrence is

usually seen within 2 years. Block exci-
sion for lesions in small bones results in
fewer local recurrences. Pulmonary
metastases are seen in 2% of patients
with giant cell tumours, on average 3-4
years after primary diagnosis {1947}.
These may be solitary or multiple. Some
of these metastases are very slow grow-
ing (benign pulmonary implants) and
some regress spontaneously. A small
proportion are progressive and may
lead to the death of the patient.
Local recurrence, surgical manipula-
tion and location in distal radius may
increase the risk of metastasis {1350}.
Histological grading does not appear to
be of value in predicting which giant cell
tumour will metastasise, providing that
giant cell rich sarcomas have been
excluded. True malignant transformation
is rare {1346}, and often follows radio-
therapy.

312 Giant cell tumours

B CA
Fig. 16.06 Giant cell tumour. G-banded partial metaphase spreads (A,B,C). Telomeric associations are indicated by arrows.
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313Malignancy in giant cell tumour

Definition
Malignancy in GCT is a high grade sar-
coma arising in a giant cell tumour (pri-
mary) or at the site of previously docu-
mented giant cell tumour (secondary).

ICD-O code 9250/3

Synonyms
Malignant giant cell tumour, dedifferenti-
ated giant cell tumour.

Epidemiology
Malignancy arising in a giant cell tumour
can occur after treatment usually includ-
ing radiation or de novo. Most sarcomas
arise following radiation therapy.
Primary malignant giant cell tumour is
the least common type. Overall, malig-
nant transformation can be expected in
less than 1% of giant cell tumours. There
is a slight female predominance and
patients are generally about a decade
older than patients with giant cell
tumour.

Clinical features / Imaging
The recurrence of pain and swelling
many years following treatment of a
giant cell tumour should suggest the
possibility of malignant transformation.
The symptomatology of primary malig-
nant giant cell tumour is non specific. In
secondary malignant giant cell tumour
plain roentgenograms show a destruc-
tive process with poor margination situ-
ated at the site of a previously diag-
nosed giant cell tumour, usually at the
end of a long bone. Mineralization may
be present. In primary malignancy in
giant cell tumour, the tumour presents
as a lytic process extending to the 
end of a long bone. Rarely the roen-
tgenograms show typical features of
giant cell tumour and a sclerotic
destructive tumour juxtaposed to it.

Sites of involvement 
Bones involved with giant cell tumour
are also affected by malignancy in giant
cell tumour. The distal femur and the
proximal tibia are the most common
sites. There have been no cases report-
ed in the small bones of the hands and
feet or the skull.

Macroscopy
The gross appearance of a secondary
malignant giant cell tumour is that of any
high grade sarcoma: a large fleshy
white tumour with soft tissue extension.
Primary malignant giant cell tumours
occur at the ends of bones and have
dark red or tan colour.

Histopathology
In secondary giant cell tumour the 
neoplasm is a high grade spindle cell

sarcoma which may or may not pro-
duce osteoid. No residual giant cell
tumour is usually present. In primary
malignant giant cell tumour areas 
of conventional giant cell tumour with
proliferations of round to oval mononu-
clear cells and multinucleated giant
cells are present. There is an abrupt
transition to a spindle cell tumour with
marked cytological atypia. Multinuc-
leated giant cell may or may not be
present.

Prognostic factors
The prognosis in secondary malignant
giant cell tumours is similar to that of a
high grade spindle cell sarcoma. The
prognosis in primary malignant giant
cell tumours has been reported to be
better {1536}. In this series of eight
patients only one died of disease.

P.G. Bullough
M. BansalMalignancy in giant cell tumour

Fig. 16.07 Malignancy in giant cell tumour. Photomicrograph of conventional giant cell tumour (lower left)  with
mononuclear cells uniformly interspersed with multinucleated giant cells and an adjacent area of malignant
anaplastic tumour cells (upper right).
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CHAPTER 17

Notochordal Tumours

Notochordal tumours arise from remnants of the notochord and
hence occur exclusively along the midline. Tumours which occur
elsewhere may resemble chordomas.

The majority of the tumours occur in the sacrum or in the clivus.
Involvement of the remainder of the spine is unusual. One of the
characteristic histological features of chordoma is a lobulated
growth pattern.

Chondroid chordomas occur exclusively in the base of the skull
and show features of both low grade chondrosarcoma and chor-
doma. Some studies have indicated a better prognosis for this
subtype.
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Chordoma J.M. Mirra C. Della Rocca
S.D. Nelson F. Mertens

Definition
Chordoma is a low to intermediate grade
malignant tumour that recapitulates noto-
chord.

ICD-O codes
Chordoma NOS 9370/3 
Chondroid chordoma 9371/3 
"Dedifferentiated" chordoma 9372/3

Epidemiology
Chordomas account for 1-4% of all pri-
mary malignant bone tumours. Chor-
doma most commonly presents after age
30, with the most common decade being
the sixth (30% of patients). It is very rare
under age 20 (1%). Male:female ratio is
1.8:1.

Sites of involvement
Axial spine (sacral 60%; spheno-occipi-
tal/nasal 25%; cervical 10%; & thoraco-
lumbar 5%).

Clinical features / Imaging
The clinical features are related to the
location and spread of the neoplasm.
Being a slow-growing mass chordoma
usually produces non specific symptoms
for months to years before the diagnosis
is made.
In the sacrococcygeal presentation pain
is the most frequent symptom. It is usual-
ly referred to the lower back or tip of the
spinal column. Constipation due to
obstruction may develop. Almost all
these neoplasms spread in the pre-
sacral area allowing physical detection
by rectal examination. Nerve dysfunc-
tions, such as anesthesia and paresthe-
sia, are unusual and late manifestations.
Those located in the spheno-occipital
region are often associated with a chron-
ic headache and symptoms due to com-
pression of a cranial nerve. Ocular nerve
involvement is the most frequent; com-
pression and destruction of the pituitary
gland may lead to endocrine distur-
bances; if spread is lateral a cerebello-
pontine angle tumour symptomatology
can be evident. In case of spread inferi-
orly nasal obstruction, bleeding and

even a nasal mass may appear.
Chordomas arising in the cervical, 
thoracic and lumbar spine usually pro-
duce symptoms related to nerve roots 
or spinal cord compression and / or a 
palpable mass can be present. Charac-
teristically cervical chordoma may cli-
nically manifest as a parapharyngeal
mass. Clinically, most patients experi-
ence progressive pain, swelling and/or
neurological deficits that may ultimately
be incapacitating.
Radiologically, chordomas are typically
solitary, central, lytic, destructive lesions
of the axial skeleton {2058} They are
almost always associated with a soft tis-
sue mass and shards of bony detritus.
Intratumoural calcification may be pres-
ent particularly in sacral tumours. In the
sacral area they tend to displace the
bowel and/or bladder {1302}. MRI stud-
ies best visualise soft tissue extension
and its relationship to anatomic struc-
tures. On MRI, T-1 weighted images are
hypo- or isointense {418}, while T-2
weighted images are of high signal inten-
sity {418,1551}. 

Macroscopy
Chordoma is a lobulated, glistening,
greyish tan to bluish white, muco-gelati-
nous to friable, dark-red haemorrhagic
tumour, generally from 5 to 15 cm. In
most cases it is associated with exten-
sion beyond the contours of the bone into
the surrounding soft tissues {418, 1468}. 

Fig. 17.01 Chordoma. T2 MRI showing a dark, lobu-
lated, destructive mass in the sacrococcygeal
region.
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Fig. 17.02 Chordoma. Bands of fibrosis and lobularity typify this neoplasm on low power.
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Histopathology
Chordomas are lobulated tumors, with
individual lobules being separated by
fibrous bands. The tumour cells are
arranged in sheets, cords or float singly
within an abundant myxoid stroma.
They typically have an abundant pale
vacuolated cytoplasm (the classic
"physaliphorous cells"). They show mild
to moderate nuclear atypia. There may
be considerable variability in the
appearance of the tumour from area 
to area. Mitoses are infrequent {1468}.
In the chondroid variants, there are
areas that may mimic hyaline or myxoid
cartilage {925}. Chordoma associated
with a high grade sarcoma is called 
a "dedifferentiated" chordoma {1398} 
or sarcomatoid chordoma {1506}. 
They account for less than 5% of all
chordomas.

Immunophenotype
Chordomas are reactive with antibodies
against S100 protein, pan-keratin, low
molecular cytokeratins and Epithelial
Membrane Antigen (EMA). 

Genetics
Clonal chromosome aberrations have
been detected in 16 cases {1477,
2082}. Nine of them had a hypodiploid
stemline, with a chromosome number
ranging from 33 to 44. Frequent numer-
ical changes include loss of chromo-
somes 3, 4, 10, and 13, and the most
commonly (half of the cases) deleted
segments are 1p31-pter, 3p21-pter,
3q21-qter, 9p24-pter, and 17q11-qter.
These results are in agreement with
data obtained by comparative genomic
hybridisation (CGH) {1880}. By CGH,
also gains of chromosome arms 5q and
7q and chromosome 20 are frequently
seen. The possibility of a tumour sup-
pressor locus of significance for chor-
doma development at distal 1p is fur-
ther strengthened by the finding of loss
of heterozygosity at band 1p36 in spo-
radic as well as familial chordomas
{1465}.

Prognostic factors
Prognosis has improved considerably
with modern surgical techniques of
resection especially with tumours of the
sacrum {1051,2027} and even of mobile
spine {210}. The chondroid variant has
been reported to be associated with a
better prognosis {925} although this

experience is not universal. Metastases
to lung, bone, soft tissue, lymph node

and skin occur, and are more frequent
in patients with advanced disease.

BA

DC
Fig. 17.03 Chordoma. A,B Chords of tumour cells in a myxoid background. Note occasional cells displaying a
bubbly cytoplasm. C Some of the classic physaliphorous cells contain multiple intracytoplasmic bubbles that
may cause nuclear indentations similar to those seen in lipoblasts. D Sarcomatoid, or "dedifferentiated" chon-
droma displaying prominent storiform architecture. Note the large, pleomorphic nuclei and the rather solid
arrangement of cells without a prominent myxoid background.

Fig. 17.04 Chordoma with complex karyotype, including the characteristic loss of chromosomes 3, 4 and 13.
Arrowheads indicate breakpoints in structural rearrangements.
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CHAPTER 18

Vascular Tumours

Primary vascular tumours of bone are rare. Haemangiomas
occur as incidental findings in the skull or in the spine. The
roentgenographic features are almost always diagnostic. They
rarely cause clinical symptoms.

The terminology for malignant vascular tumours has been 
controversial. Angiosarcoma is the most acceptable term for
malignant vascular tumours. They have a peculiar tendency to
involve multiple bones. Histological grading correlates well with
prognosis.

Epithelioid haemangioendothelioma is a distinct entity with 
histological features identical to those of the soft tissue counter-
part and is associated with an favourable clinical course.
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Haemangioma and related lesions C.P. Adler
L. Wold

Definition
A benign vasoformative neoplasm or
developmental condition of endothelial
origin.

ICD-O code 9120/0

Synonyms
Capillary haemangioma, cavernous hae-
mangioma, venous haemangioma,
angioma, histocytoid haemangioma,
angiomatosis.

Epidemiology
Haemangiomas are relatively common
lesions; autopsy studies have identified
them in the vertebrae of approximately
10% of the adult population {18}.
However, clinically significant sympto-
matic tumours are very uncommon and
account for less than 1% of primary bone
tumours {539}. Haemangiomas occur at
any age, but most are diagnosed during
middle and late middle age with the
peak incidence in the 5th decade of life
{1875}. The male to female ratio is about
2:3 {18,539,1875,2153,2249}.

Sites of involvement
Vertebral bodies are the most common
site, followed by the craniofacial skeleton,
and then the long bones where they tend
to involve the metaphyses {18,539,2249}.

Clinical features / Imaging
The majority of haemangiomas, espe-
cially those arising in the spine, are inci-

dental radiographic findings. However,
large vertebral tumours may cause cord
compression, pain and neurological
symptoms. Symptomatic tumours occur-
ing elsewhere are painful and may cause
a pathologic fracture. Haemangiomas
present as a well demarcated lucent
mass that frequently contains coarse tra-
beculations or striations. In flat bones
like the calvarium, the tumour is expan-
sile and lytic and produces a sunburst
pattern of reactive bone formation.
Clinically, indolent lesions frequently
contain fat and sclerotic trabeculae on
CT and MRI. Symptomatic tumours usu-
ally show loss of fat and reveal a low sig-
nal on T1-weighted images and a high
signal on T2 {539,644,1280,1354,1875,
2287}.

Macroscopy
Haemangioma manifests as a soft well
demarcated dark red mass. It may also
have a honey-comb appearance with
intralesional sclerotic bone trabeculae
and scattered blood-filled cavities. 

Histopathology
Haemangiomas have variable histologi-
cal features. Capillary and cavernous
haemangiomas are composed of thin-
walled blood-filled vessels lined by a sin-
gle layer of flat, cytologically banal
endothelial cells. The vessels permeate
the marrow and surround preexisting tra-
beculae. When capillary or cavernous
haemangiomas involve a large localized

BA
Fig. 18.01 Haemangioma of bone. A Plain radiographs show a lesion with multiple cystic defects within the
distal tibia. B CT cross-sectional appearance of a vertebral haemangioma where the coarse trabeculae
result in a “polka-dot” pattern.

Haemangioma:
cavernous,
capillary,
epithelioid,
histiocytoid,
sclerosing

Papillary vegetant endothelial proliferation
(Masson type)

Angiolymphoid hyperplasia with eosinophilia
(Kimura disease)

Angiomatosis:
non-aggressive: regional,
disseminated: cystic angiomatosis
aggressive: massive osteolysis 

(Gorham-Stout syndrome)

Osseous glomus tumour (glomangioma)
Lymphangioma
Lymphangiomatosis

Table 18.01
Variants of haemangiomas.
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Fig. 18.02 Haemangioma of bone. Gross specimen of
a tumour of the proximal fibula with a focus of
brown-red appearance without marginal sclerosis.
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321Haemangioma and related lesions

region or are widespread throughout the
skeleton, it is known as angiomatosis.
Gorham disease may be associated with
a histological picture that resembles hae-
mangioma. Epithelioid haemangioma is 

composed of large polyhedral neoplastic
endothelial cells that have vesicular
nuclei and abundant eosinophilic cyto-
plasm. Some tumour cells have round
clear cytoplasmic vacuoles that may
contain intact or fragments of red blood
cells. Vacuoles in neighbouring cells
often fuse forming vascular lumena. The
epithelioid cells may line well formed
vascular spaces or grow in solid cords or
sheets. The stroma consists of loose con-
nective tissue and may contain a mixed
inflammatory infiltrate including
eosinophils.
The vessels in lymphangioma are dilat-
ed, sinusoidal, filled with lymph fluid and
lined by a single layer of flat, banal
endothelial cells. The surrounding stroma
may contain lymphocytes.

Immunophenotype
The endothelial cells uniformly express
vimentin and many cells stain with anti-
bodies to F. VIII, CD31, and CD34.
Epithelial haemangiomas may also
express keratins and EMA. FLI1 has also
been observed in haemangiomas.

Ultrastructure
The endothelial cells contains Weibel-
Palade bodies. Cytoplasmic filaments are
abundant in epithelioid endothelial cells.

Prognostic factors
Haemangiomas have an excellent prog-
nosis and have a low rate of local recur-
rence. Progression to an angiosarcoma
is an extraordinarily rare event {528,611,
641,649,1628}.

Fig. 18.03 Haemangioma of bone. The radiated spicules
are demonstrated on this macerated specimen.

BA
Fig. 18.04 Haemangioma of bone. A This bony haemangioma shows the morphology commonly associated with cavernous lesions which have been curetted. The
spaces often become collapsed, and blood is no longer present because of the processing. B Histological pattern of a cavernous haemangioma showing broad thin-
walled blood vessels, lined by a single layer of flat endothelial cells and filled with blood, within the medullary cavity between the bone trabeculas.
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Definition
Angiosarcomas of bone are composed
of tumour cells which show endothelial
differentiation.

ICD-O code 9120/3

Synonyms
Haemangiosarcoma, haemangioen-
dothelioma, haemangioendothelial sar-
coma, epithelioid angiosarcoma.

Epidemiology 
Malignant vascular tumours of bone are
very rare and account for less than 1% of
malignant bone tumours. Age distribu-
tion shows a wide range with nearly
equal distribution from the second to the
eighth decade. Epithelioid haeman-
gioendothelioma tends to occur during
the second and third decades of life.
Males and females are affected approxi-
mately equally.

Sites of involvement
Malignant vascular tumours of bone
show a wide skeletal distribution. They
tend to affect the long tubular bones of
the extremity and the axial skeleton,
mainly the spine. These tumours reveal
the tendency to develop multicentric
lesions in bone. About a third of these
lesions are multifocal. 

Clinical features / Imaging
Malignant vascular tumours most com-
monly present as painful lesions which
may be associated with a mass.
Angiosarcoma usually develops purely
lytic bone lesions. They are poorly mar-
ginated but can occassionally have a
sclerotic rim. A soft tissue mass is often
associated with less well differentiated
tumours. The radiological appearence of
epithelioid hemangioendothelioma is
also non-specific. They also present as
purely lytic lesions with varying degrees
of peripheral sclerosis. Although the
radiographic feature of malignant vascu-
lar tumours of bone are nonspecific,
clustering of multifocal lesions in a single
anatomic location suggests the diagno-
sis of a vascular neoplasm.

Aetiology
Angiosarcomas may arise at sites of
prior radiation {338,452,1716}. The aeti-
ology of the majority of malignant vascu-
lar tumours is unknown.

Macroscopy
Angiosarcomas are bloody and general-
ly firm in their consistency. Necrosis is
generally not observed. Epithelioid hae-
mangioendotheliomas tend to be firm
and tan-white. Both tumours can erode
the cortex and extend into the soft tis-
sue.

Histopathology
Tumour cells forming vascular spaces
constitute the general histological fea-
ture of angiosarcoma of bone.
Angiosarcoma of bone shows a wide
range of histology, ranging from well dif-
ferentiated cases mimicking haeman-

gioma to poorly differentiated tumours
which may be difficult to identify as a
vascular tumour. Histo-logically, reactive
bone formation can sometimes be
observed in angiosarcoma of bone. This
is more pronounced in the periphery, but
can also be found in the more central
portions of the lesion. 
Poorly differentiated angiosarcomas are
composed of more atypical endothelial
cells. They exhibit very prominent nu clear
atypia and a considerably increased
number of mitoses with atypical mitotic
figures. Formation of intraluminal buds
can often be observed. Areas with
necroses may be present. Some tumours
may show epithelioid cytological features
and mimic the appearance of metastatic
carcinoma. Others show spindle cell cyto-
logical features and mimic other primary
bone sarcomas.
Epithelioid haemangioendothelioma is
composed of anastomosing cords, solid
nests, and strands of endothelial cells
that may sometimes form narrow vascu-
lar channels. The small capillary-sized
tumour vessels can mimic small reactive
vessels of granulation tissue. The epithe-
lioid cells tend to have eosinophilic cyto-
plasm which may show vacuolization
and sometimes signet ring-like appear-
ance. Of remarkable significance is the

A. Roessner 
T. BoehlingAngiosarcoma

Fig. 18.05 Angiosarcoma. Plain X-ray of a tumour
involving the proximal femur, featuring a purely
lucent destructive process in the intertrochanteric
region. The radiological appearance is nonspecific.

Fig. 18.06 Angiosarcoma. T2 MRI of a multicentric
tumour involving multiple bones of the foot.

322 Vascular tumours
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myxoid and hyalinized appearance of
the connective tissues stroma. The
nuclei of the neoplastic cell show vary-
ing degrees of pleomorphism and
anaplasia.

Immunophenotype
The endothelial cells uniformly express
vimentin and many cells stain with anti-
bodies to Factor VIII, CD31, CD34, and
Ulex Europaeus. Epithelioid malignan-
cies may also express cytokeratins and
EMA {1134,2249}. 

Ultrastructure
The endothelial cells contain Weibel-
Palade bodies, but are generally difficult
to find in poorly differentiated tumours.
Cytoplasmic filaments are abundant in
epithelioid neoplasms.

Genetics
Two epithelioid haemangioendothe-
liomas have shown an identical chromo-
somal translocation involving chromo-
somes 1 and 3 {1403}. 

Prognostic factors
The histological degree of differentiation
is the most significant factor in the prog-
nosis of patients with malignant vascular
tumours of bone {300,2288}. Some stud-
ies have also suggested that multifocal
tumours show a survival advantage. This
survival advantage may in part be relat-
ed to the multifocal tumours showing
better differentation {1134,2142}.

Fig. 18.07 Epithelioid haemangioendothelioma. The tumour cells are arranged in a cording fashion in a myxoid
stroma. Note the occasional cytoplasmic vacuoles.

BA
Fig. 18.08 A Epithelioid angiosarcoma. The tumour cells form anastomosing channels, have large nuclei and
prominent nucleoli. B High grade angiosarcoma showing atypical cells with poorly formed papillae present
within spaces.

bb5_26.qxd  13.9.2006  13:49  Page 323



CHAPTER 19

Myogenic, Lipogenic, Neural, 
and Epithelial Tumours

Smooth muscle tumours of bone, usually leiomyosarcoma, are
very rare. A metastasis from a distant site, especially the uterus,
has to be excluded before accepting the diagnosis of primary
leiomyosarcoma of bone.

Lipomas are not uncommon in bone and are incidental findings
on X-rays and frequently involve the calcaneus.
Roentgenograms show a well-circumscribed area of lucency
with a central area of calcification. CT and MRI help to confirm
the fatty nature of the tumour.

Neurilemmomas (schwannomas) occur rarely in bone. Along the
spine, especially in the sacrum, they may involve bone second-
arily. The most common location for an intraosseous neurilem-
moma is the mandible. The histological features are similar to
those of schwannomas elsewhere. Malignant peripheral nerve
sheath tumours (MPNST) do not occur in bone.

Adamantinoma has an epithelial phenotype and almost exclu-
sively involves the tibia. It is a low-grade malignancy with a
favourable clinical course. The roentgenographic, morphologic
and genetic features are often similar to those of osteofibrous
dysplasia.

Metastatic carcinoma is by far the commonest malignancy in the
skeleton, the most frequent primary tumours being carcinomas
of the lung, breast, prostate and kidney. Haematogeneous
metastasis of sarcomas to bone is a rare event.
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Leiomyoma of bone E. McCarthy

Definition
A benign spindle cell tumour of bone
with smooth muscle differentiation.

Epidemiology
Leiomyomas of bone are very rare. Most
patients are adults over age 30, although
a child age 3 years has been reported.
Males and females are equally affected
{2166}.

Sites of involvement
The facial bones are most commonly
affected by primary leiomyoma. The
most common site is the mandible. In the
extragnathic skeleton, the tibia is the
most common site {2166}.

Clinical features
Patients present with pain. Radiologi-
cally, lesions are radiolytic, often multi-
locular. A sclerotic rim may be present.
Occasionally there may be cortical
expansion.

Macroscopy
Primary leiomyomas of bone are firm
gray tan tumours. Most lesions are 3 cm
or smaller in maximum dimension.

Histopathology
Histologically, leiomyomas of bone are
identical to leiomyomas in other loca-

tions. Uniform spindle cells are present
in interlacing bundles. Mitotic figures are
extremely rare. The cells are positive with
immunohistochemical stains for smooth
muscle actin and desmin. Occasionally, 
thick-walled blood vessels are present in 

a pattern identical to angioleiomyoma
{2166}.

Prognostic factors
Local excision results in a complete
cure.

Fig. 19.01 Leiomyoma. CT scan showing a well
defined lytic lesion with a sclerotic rim in the ilium.

326 Smooth muscle tumours

Fig. 19.02 Leiomyoma. A Low power view showing bundles of uniform spindle cells. B Thick walled blood ves-
sels admixed with spindle cells in a pattern of angiomyoleiomyoma.

A

B
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Definition
A very rare malignant spindle cell sarco-
ma of bone which shows smooth muscle
differentiation with immunohistochemical
or electron microscopic studies.

Epidemiology
Although the reported age range is from
9 to 87 years, the mean age is 44 years
{165,1049,1932}. There is a slight male
predominance.

Sites of involvement
Most lesions occur in the lower extremity
around the knee, either in the distal
femoral metaphysis or proximal tibial
metaphysis. The craniofacial skeleton is
the next most common area to be
involved {68}.

Clinical features
Pain, present from 2 weeks to 1 year prior
to diagnosis, is the most common symp-
tom. Approximately 15% of patients pres-
ent with pathological fracture.
Radiographically, it is an aggressive radi-
olytic lesion, with poorly defined margins,
a permeative growth pattern, and cortical
destruction. MRI shows a hypointense
lesion on T1 and an iso-or hypointense
lesion on T2 weighted studies {2056}.

Macroscopy
Lesions are grey to tan, firm or creamy
masses, often with areas of necrosis or
cystic degeneration. Despite a broad
range in size, lesions average 6 cm in
greatest dimension {68}. Cortical pene-
tration is common.

Histopathology
Histologically, lesions are identical to
leiomyosarcomas in other locations.
Plump and pleomorphic spindle cells are
arranged in bundles or fascicles. Mitotic
figures are common. Often areas of
necrosis are present. Smooth muscle dif-
ferentiation is demonstrable by positive
immunohistochemical staining for
smooth muscle actin and desmin.
Electron microscopic studies demon-
strate fine filamentous actin fibrils in the
cytoplasm.

Prognostic factors
Approximately 50% of patients develop
metastases to the lungs within 5 years
{68}. Ultimately, 50% of patients die from
leiomyosarcoma of bone {1099}.

E. McCarthyLeiomyosarcoma of bone

Fig. 19.03 Leiomyosarcoma. X-ray of a tumour in
distal femur showing an aggressive, permeative
lytic lesion with cortical destruction.

Fig. 19.04 Leiomyosarcoma. Macroscopy of the
femoral lesion. Note both an intraosseous and an
extraosseous component of the white fleshy tumour.

Fig. 19.05 Leiomyosarcoma. A Low power photomi-
crograph showing bundles of spindle cells.
B On high power magnification, note the cellular
pleomorphism of the tumour cells.

A

B
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Lipoma of bone A.E. Rosenberg
J.A. Bridge

Definition
Lipoma of bone is a benign neoplasm of
adipocytes that arises within the
medullary cavity, cortex, or on the sur-
face of bone.

Synonyms
Intramedullary lipoma, intracortical lipo-
ma, ossifying lipoma, parosteal lipoma.

Epidemiology
Lipoma of bone is rare and accounts for
less than 0.1% of primary bone tumours;
their incidence is not known.
Intramedullary lipoma has a wide age
range (2nd-8th decades) but most
patients are approximately 40 years old
at the time of diagnosis {1458}. Males are
affected more frequently than females at
a ratio of approximately 1.6:1 {1458}.
Parosteal lipoma usually develops dur-
ing adulthood and most patients are in
their 5th-6th decade of life at the time of
diagnosis {1462}. There is a slight male
predominance (9:7) {1462}.

Sites of Involvement 
The vast majority of intraosseous lipomas
arise within the medullary cavity and
rarely develop in the cortex {2317}. They
most commonly affect the metaphyseal
regions of the long tubular bones, espe-
cially the femur, tibia and fibula and the
calcaneus. However, they have also
been described in many bones including
the pelvis, vertebrae, sacrum, skull,
mandible, maxilla, and ribs.
Parosteal lipomas generally develop on
the diaphyseal surface of long tubular
bones, especially the femur, humerus,
and tibia {1462}.

Clinical features / Imaging
Intramedullary lipoma may be asympto-
matic or produce achy pain. Rarely, it
presents as a pathological fracture {822,
951, 1458}. Radiographically, intra-
medullary lipoma usually produces a
well defined lytic mass that is surround-
ed by a thin rim of sclerosis. The lesion
may also contain trabeculations or cen-
tral calcifications. Bony expansion may
occur in small caliber bones {822,951,
1458,1732}. CT shows that the fatty com-
ponent has a low attenuation value simi-
lar to that of subcutaneus fat and on MRI
the fat has high signal intensity on both
T1 and T2 weighted images {1732}.
Parosteal lipoma is frequently asympto-
matic and may present as a visible or
palpable mass. Radiographs may reveal
a radiolucent mass adjacent to the corti-

cal surface that may show thickening or
a periosteal reaction. Similar to
intraosseous lipoma, the CT and MRI
findings have the same features as sub-
cutaneous fat except if there is calcifica-
tion, cartilage or ossification within the
lesion {1079,1752}. 

Macroscopy
Intramedullary lipoma is usually 3-5 cm
in size, is well defined, soft, and yellow.
The surrounding bone is often sclerotic.
Parosteal lipoma is usually 4-10 cm in
greatest dimension, is well defined, soft
and yellow. Some cases contain gritty
spicules of bone or firm nodules of carti-
lage in the base or scattered throughout
the mass.

Histopathology 
Intramedullary lipoma is well defined and
consists of lobules of mature-appearing
adipocytes that may replace the marrow
and encase preexisting bony trabeculae.
The adipocytes have a single large clear
cytoplasmic vacuole that displaces the
crescent shaped nucleus to the periph-
ery. Some tumours may demonstrate fat
necrosis with foamy macrophages and
fibrosis. In ossifying lipomas delicate tra-
beculae of woven and lamellar bone may
be present throughout the tumour {121,
346}.

Fig. 19.06 Lipoma. Radiograph of intramedullary
lipoma of humerus demonstrating an oval lytic
lesion with a sclerotic rim.

Fig. 19.08 Lipoma. Axial CT showing that the lipoma
has the tissue density of fat.

Fig. 19.07 Lipoma of calcaneous producing a well
defined lytic lesion with central mineralization. Axial
CT confirms the fatty nature of the lesion.

328 Lipogenic tumours
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Parosteal lipoma is also well defined and
consists of lobules of mature appearing
white adipocytes. The adipocytes have a
single large clear cytoplasmic vacuole
that displaces the crescent shaped
nucleus to the periphery. Some cases
may have bone with or without a hyaline
cartilage in the base of the lesion or scat-
tered throughout the mass in small
islands {1462}.

Immunophenotype
The neoplastic fat expresses vimentin
and S100 protein.

Genetics
The translocation t(3;12)(q28;q14) and
its associated fusion transcript HMGIC/
LPP characteristic of subcutaneous lipo-
ma has been detected in a case of
parosteal lipoma {255,1698}.

Prognostic factors
Lipoma of bone has an excellent progno-
sis and rarely recurs.

BA
Fig. 19.09  A Well defined intramedullary lipoma composed of sheets of white adipocytes. B Parosteal lipoma composed of lobules of white fat cells.
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Definition
Liposarcoma of bone is a malignant neo-
plasm whose phenotype recapitulates
fat.

Epidemiology
Liposarcoma of bone is an extraordinari-
ly rare neoplasm. Most cases are
described in the form of single case
reports in older literature and the validity
of the diagnosis in some cases has been
questioned {457}. Liposarcoma of bone
occurs in all age groups although the
majority of patients are adults {15,457,
1090,2121}. Men are affected slightly
more frequently than women.

Sites of involvement
Liposarcoma of bone usually develops in
the long tubular bones especially the
tibia and femur and has been reported to
arise in the diaphysis, metaphysis, and
epiphysis {15,457,1090,2121}.

Clinical features / Imaging
Liposarcoma of bone presents as a
painful mass. Radiographically, the
tumour manifests as a well defined or
poorly defined mass {15,457,1090,
2121}.

Macroscopy
Most liposarcomas are large, lobulated,
soft to firm and are yellow to tan-white in
colour. Myxoid tumours may be glisten-
ing, slimy and mucinous.

Histopathology
The histological variants of liposarcoma
reported in bone include well differentiat-
ed lipoma-like, myxoid and pleomorphic
types {15,457,1090,2121}. Well differenti-
ated lipoma-like liposarcoma consists of
sheets of mature appearing  adipocytes
with scattered tumour cells having
enlarged hyperchromatic nuclei.  Some
of these atypical cells are lipoblasts and
are distinguished by cytoplasmic vac-
uoles that are round, clear, and scallop
the nucleus.  Myxoid liposarcoma con-
sists of mildly atypical stellate and spin-
dle cells enmeshed in a myxoid stroma

that contains a finely arborizing vascular
tree that has a plexiform pattern. Also
scattered throughout the tumour are
lipoblasts. Sheets of large pleomorphic
cells in which the cytoplasm is either
eosinophilic or filled with round clear vac-
uoles characterize pleomorphic liposar-
coma. Mitoses are usually numerous.

Immunophenotype
There are no data regarding the immuno-
phenotype of liposarcoma of bone.

Ultrastructure
The cytoplasm of the neoplastic cells
contains membrane bound lipid droplets
of varying size. Dilated rough endoplas-
mic reticulum and scattered mitochon-
dria are also present {1650}.

Prognostic factors
Prognostic information regarding liposar-
coma of bone is scant. Generally, the
behaviour of the tumour should correlate
with its histological grade.

A.E. RosenbergLiposarcoma of bone 
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Fig. 19.10 Myxoid liposarcoma consisting of scattered spindle and stellate cells and occasional lipoblasts
enmeshed in a frothy myxoid stroma that contains branching small caliber capillaries.

BA
Fig. 19.11 A Well differentiated liposarcoma, lipoma-like type, containing mature appearing white fat cells
and scattered adipocytes that have enlarged hyperchromatic nuclei. B Sheets of pleomorphic cells includ-
ing lipoblasts characterize pleomorphic liposarcoma.
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Schwannoma K.K. Unni

Definition
Schwannoma is a benign neoplasm of
Schwann cell origin arising within bone.

ICD-O code 9560/0

Synonyms
Neurilemmoma, neurinoma.

Epidemiology
Neurogenic tumours of bone are extre-
mely uncommon. Although roentge-
nographic abnormalities may be found
involving the skeleton in patients with

neurofibromatosis, there are no well rec-
ognized examples of neurofibroma in
bone. All benign neurogenic tumours in
the skeleton are Schwannomas. They
compose less than 1% of all benign
tumours in the Mayo Clinic files (unpub-
lished statistics, Unni, K. K.).

Sites of involvement
The mandible and the sacrum are the
most common sites of involvement with
neurilemmoma. In the mandible, the
lesion almost always involves the mental
foramen. When neurilemmoma involves
the spine or the sacrum, it is frequently
difficult to know whether the tumour is
truly of bony origin. 

Clinical features / Imaging
Most neurilemmomas are asymptomatic,
incidental findings on roentgenograms.
Occasionally, they produce pain and/or
swelling.

Macroscopy
Schwannomas of bone are extremely
well circumscribed and may show a
fibrous capsule. They are tan to white
and glistening. Foci of yellow discoloura-
tion may be seen.

Histopathology 
Schwannoma is composed of spindle
cells with wavy appearing nuclei. The
nuclei frequently are arranged in a pal-
isading fashion. Areas of hypocellularity
may alternate with areas of hypercellular-
ity. Focally, the nuclei may be enlarged
and pleomorphic appearing. Mitotic
activity is rare. Schwannomas are always
diffusely and strongly positive with S100
protein.

Prognostic factors
Schwannomas are benign lesions and
complete, but conservative surgical
removal leads to cure. There are no

examples of malignant transformation of
neurilemmomas in bone.

Fig. 19.12 CT of a well-demarcated Schwannoma
of the maxilla.

Fig. 19.13 A Encapsulated mandibular Schwannoma
with tan and white areas. B Note the discrete ten-
dency of spindle cell nuclei to palisade. The nuclei do
not show cytological atypia.

A

B

Fig. 19.14 Schwannoma. Note the hyalinization of vascular walls.
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Adamantinoma P.C.W. Hogendoorn
H. Hashimoto

Definition
A low grade, malignant biphasic tumour
characterized by a variety of morpholog-
ical patterns, most commonly epithelial
cells, surrounded by a relatively bland
spindle-cell osteo-fibrous component.

ICD-O code 9261/3

Synonyms
Adamantinoma of long bones, extrag-
nathic adamantinoma, differentiated
adamantinoma, juvenile intracortical
adamantinoma.

Epidemiology
Adamantinoma comprises about 0.4% of
all primary bone tumours {987,1503,
1518}. Patients present with this tumour
from 3 up to 86 years, with a median age
of 25-35 years. The youngest age group
predominantly includes patients with
osteofibrous dysplasia-like adamantino-

ma, but very young patients with classic
adamantinoma (age 3) and older ones
with the osteofibrous dysplasia-like sub-
type (age 38) have been reported {918,
1502,2069}. There is a slight predomi-
nance in males.

Sites of involvement
The tibia, in particular the anterior 
(meta-) diaphysis, is involved in 85-90%
of cases. In up to 10% this is combined
with one or more lesions in the ipsilateral
fibula as well. Rare other sites have been
reported, especially the ulna.

Clinical features / Imaging
The main complaint is swelling with or
without pain. Adamantinoma often dis-
plays a protracted clinical behaviour.
Clinical symptoms like swelling or radi-
ographic abnormality may last for more
than 30 years prior to diagnosis, where-
as local recurrences or metastases may

develop years after primary, intralesional
or marginal surgical treatment. On X-ray,
typically a well circumscribed, cortical,
(multi-)lobulated osteolytic lesion with
intralesional opacities, septation and
peripheral sclerosis is seen {217,987}.
Multifocality within the same bone is reg-
ularly observed. The lesion commonly
seems to remain intracortical and
extends longitudinally, but may also
destroy the cortex and invade the
medullary cavity or surrounding perios-
teum and soft tissue. This is usually
accompanied by lamellar or solid
periosteal reaction. Aggressive tumours
occasionally present as single large lytic
lesions. MRI is useful to document multi-
centricity, the extension of the lesion, and
eventual soft tissue involvement.

Macroscopy
Classic adamantinoma usually presents
as a cortical, well-demarcated, yellow-
ish-grey, lobulated tumour of firm to bony
consistency with peripheral sclerosis. It
may be a single lesion, but its multifocal
appearance with apparently normal cor-
tical bone lying in between is occasion-
ally striking. Small lesions remain intra-
cortical, and are usually white and gritty.
Larger tumours show intramedullary
extension and cortical breakthrough with
soft tissue invasion in a minority of cases.
Macroscopically detectable cystic
spaces are common, filled with straw-
coloured or blood-like fluid. 

Histopathology
Classic adamantinomas are character-
ized by an epithelial and an osteofibrous
component, that may be intermingled
with each other in various proportions
and differentiation patterns. The four
main differentiation patterns of classic
adamantinoma are basaloid, tubular,
spindle cell, and squamous {2235}. The
first two patterns are encountered most
commonly, but all patterns may be pres-
ent in one lesion. The spindle cell com-
ponent is more often observed in recur-
rences, lining cystic spaces, and in
metastases. The osteofibrous compo-

332 Epithelial tumours

Fig. 19.15 Classic adamantinoma. The radiograph
of the distal tibia shows an expansive, lobulated,
lytic lesion with a defect of the outer surface of the
cortex.

Fig. 19.16 Osteofibrous dysplasia-like adamantino-
ma. The lateral radiograph of the proximal aspect of
the tibia shows a multilocular, lytic lesion with sur-
rounding osteosclerosis of the anterior cortex.

bb5_27.qxd  13.9.2006  13:53  Page 332



333Adamantinoma

nent is composed of storiform oriented
spindle cells. Woven bone trabeculae
are usually present in or next to the cen-
tre of the lesion, prominently rimmed by
osteoblasts, and with varying amounts of
transformation to lamellar bone at the
periphery of the tumour. Foam cells or
myxoid change may be present, and
mast cells or multinucleated giant cells
are occasionally detected. Mitotic activi-
ty is usually low. A fifth histological pat-
tern, the so-called osteofibrous dyspla-
sia-like variant, is characterized by pre-
dominance of osteofibrous tissue, in
which small groups of epithelial cells are
only encountered by careful search or
immunohistochemistry. The majority of
classic and osteofibrous dysplasia-like
adamantinomas display a "zonal" archi-
tecture. In classic adamantinoma, the
centre is usually dominated by the
epithelial component, and only few, small
immature bone trabeculae are present in

the fibrous tissue. Towards the periphery,
the epithelial islands decrease to incon-
spicuous elements and the osteofibrous
component gradually takes over with
increasing amounts of woven bone tra-
beculae, transforming to lamellar bone.
In osteofibrous dysplasia-like adamantin-
oma, the centre is occupied by fibrous
tissue with scanty and thin immature
woven bone trabeculae with epithelial
elements. Small clusters of epithelial
cells are the only feature which differenti-
ate osteofibrous dysplasia-like adaman-
tinoma from osteofibrous dysplasia.

Immunophenotype 
The fibrous tissue is vimentin-positive.
The epithelial cells show co-expression
for keratin, EMA and vimentin. Chain-
specific keratin expression {917,1050}
revealed a predominantly basal epithelial
cell differentiation, regardless of subtype,
with widespread presence of basal

epithelial cell keratins 5, 14, and 19. Also
keratins 1, 13 and 17 are variably pres-
ent. Keratins 8 and 18 are virtually
absent. In classic adamantinomas, the
epithelial component is surrounded by a
continuous basement membrane, where-
as less distinct epithelial islands show
multiple interruptions or no surrounding
basement membrane at all {919}.
EGF/EGFR expression is restricted to the
epithelial component. FGF2/FGFR1 is
present in both components {242}. 

Ultrastructure
Electron microscopic studies have con-
firmed the epithelial nature of adamantin-
oma, showing intracytoplasmic hemi-
desmosomes, tonofilaments, and micro-
filaments. Irrespective of histological
subtype, the epithelial cells are bound by
desmosomes and basement membranes
have been found to surround the epithe-
lial nests.

BA
Fig. 19.17 Adamantinoma. A Basaloid pattern. Easily distuingishable epithelial fields without clear pallisading. B Squamoid pattern.

BA
Fig. 19.18 Adamantinoma. A Spindle cell pattern. B Osteofibrous dysplasia like adamantinoma. Small epithelial clusters in a fibro-osseous stroma.
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Genetics
Adamantinomas, classic as well as
osteofibrous dysplasia-like, show recur-
rent numerical chromosomal abnormal-
ities, mainly gain of chromosomes 7, 8,
12, and 19 {920,1058,1318,2004}. DNA
flow cytometric and image cytometric
studies showed that in aneuploid
tumours, the aneuploid population was
always restricted to the epithelial com-
ponent {916}. TP53 gene aberrations –
as detected immunohistochemically or
by loss of heterozygosity analysis - are
restricted to the epithelial component of
adamantinoma. There have been some
cases reported with histological fea-
tures of adamantinoma as well as
Ewing sarcoma, sometimes called
'atypical' or 'Ewing-like' adamantinoma
{741,1013, 1273,1400,1891,2178}.

Cytogenetic ana-lysis combined with
FISH and RT-PCR of two cases formerly
described as atypical or Ewing-like
adamantinoma revealed an (11;22)
translocation, typical for Ewing sarco-
ma {257}. Because of these findings
these tumours were labelled "adaman-
tinoma-like Ewing sarcoma". The
t(11;22) translocation is not present in
adamantinoma {908,1318}. 

Prognostic factors
Risk factors for recurrence are intrale-
sional or marginal surgery and extra-
compartmental growth {918,1050,1084,
1739}. Recurrence percentages after
non-radical surgery may rise up to 90%
{918,1050,1084}. Recurrence is associ-
ated with an increase in epithelium-to-
stroma ratio and more aggressive

behaviour {918,1084,1503}. Besides,
male sex {1050,1084}, females at
young age {1503}, pain at presentation
{1084}, short duration of symptoms
{918,1084}, young age (<20 years)
{918}, and lack of squamous differenti-
ation of the tumour {918, 1084} have
been associated with increased rates
of recurrence or metastasis.
Adamantinomas metastasise in 12-29%
of patients with comparable mortality
rates {918,1084,1503,1739}. Metastatic
tumours are all classic adamantinomas,
although rarely osteofibrous dysplasia-
like adamantinomas may metastasise
after recurrence and subsequent pro-
gression to classic adamantinoma
{918}. The tumour spreads to regional
lymph nodes and the lungs, and infre-
quently to skeleton, liver, and brain.

Definition
A tumour (usually malignant) involving
bone, which has originated from another
(distant) site. 

Synonyms
Metastatic carcinoma, skeletal deposits,
osseus metastasis, secondaries in bone,
bony implants. 

Epidemiology 
The skeletal system is the third most
common site to be involved by metastat-
ic tumour after the lungs and liver {174}.
Metastatic carcinomas are the most com-
mon malignant tumour affecting the
skeleton {2154}. Over two-thirds of
patients with bone metastasis are
between 40-60 years of age {504}. Most
metastases originate from common can-
cers namely breast, lung, prostate, kid-
ney and thyroid gland which account for
93% of all deposits {504}. A complete
radiographic and clinical search will

identify the primary site in up to 85% of
cases {1812}.
Although metastases are rare in children,
when they occur, they most often include
neuroblastoma, rhabdomyosarcoma and
clear cell sarcoma of kidney. 

Sites of Involvement
Metastatic carcinomas involve bones
with persistent red marrow such as verte-
bra, proximal femur ribs, sternum, pelvis,
skull and shoulder girdle. Out of 114 his-
tologically evaluated lesions 44.3%
involved axial skeleton, 28.8% the
appendicular skeleton and 26.9%
involved multiple bones {504}. The lum-
bar spine {757,1872} and proximal femur
{757} are favoured sites. Bones of the
hands and feet are rarely involved {923,
1252,1433,1507,1925}.

Clinical features
Pain, swelling, fracture and neurological
symptoms (spine) are common {278}.

Skull base metastasis may cause Collet-
Sicard syndrome {1865}; hypercal-
caemia may accompany osteolysis
{1520}.
Plain radiographs reveal lytic, blastic or

N.A. Jambhekar
A. Borges

Metastases involving bone
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Fig. 19.19 Permeative destruction of bone by a
metastasis (primary tumour unknown).
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mixed patterns {756}. Lung and breast
deposits cause irregular lytic destruction,
but are occasionally osteoblastic {1460,
1514}. Thyroid and kidney deposits are
purely lytic; prostatic deposits are
osteoblastic. Solitary metastasis {2120},
or an irregular periosteal reaction {1238,
1581} may simulate a primary bone sar-
coma.
Plain radiographs are unreliable to detect
vertebral deposits {707,1872} and
despite gross evidence of spinal
deposits in 36% of 832 autopsied
patients dying of cancer, 26% had nega-
tive plain X-rays {1872}. 
Bone scintigraphy is a sensitive method
for the detection of skeletal metastases,
because it covers the whole skeleton,

making it valuable for identifying the
extent of the disease. CT scan is useful
for guiding needle biopsies. MRI has
also been used in some cases to detect
and delineate metastases. 

Aetiology 
The location of the primary tumour and
the local pattern of blood flow determine
involvement of skeletal sites. The verte-
bral venous plexus (Batson’s plexus) is a
high volume, low pressure, valveless
venous system independent of the pul-
monary, portal and caval systems; it com-
municates directly with veins of the
pelvis, proximal half of lower extremity,
proximal half of upper extremity and head
and neck {140}. Any increase in intrab-
dominal or intrathoracic pressure during
exhalation or straining causes a backflow
into the vertebral plexus bypassing the
heart and lungs. This explains the prefer-
ential involvement of the vertebral and the
proximal appendicular bones, and the
occassional occurrence of extensive
skeletal deposits despite lack of visceral
involvement {1470}. 

Macroscopy 
The macroscopic appearance of skele-
tal metastasis varies depending upon
the amount of bone produced in
response to the tumour. Thus, osteoblas-

tic metastases from the breast are grey-
ish white firm, whereas renal cell carci-
noma produces soft haemorrhagic
deposits.

Morphology
Metastatic tumours attempt to recapitu-
late the original tumour. Squamous car-
cinomas from most sites look alike, how-
ever, many adenocarcinomas such as
renal cell, prostate and thyroid retain
morphological similarities to the primary
tumour. An accompanying fibroblastic,
vascular, osteoblastic and osteoclastic
response may be present. Sarcomatoid
(spindle cell) carcinomas originating in
the kidney or the lung may simulate a
primary bone sarcoma. 

Immunophenotype
Immunohistochemistry is useful when
the diagnosis of metastatic carcinoma is
straightforward but not distinctive
enough to identify the primary site, or,
when the differential is broad and
includes sarcoma, carcinoma and
melanoma {514}. 

Prognostic factors 
Bone metastasis usually heralds incur-
ability and treatment is palliative. The
outcome depends upon the primary site
and the extent of disease.

BA
Fig. 19.20  A Metastatic renal cell carcinoma showing an alveolar and nesting pattern. B Metastatic prostate carcinoma; note monotonous small cells and irregular
osteoid deposition.

Fig. 19.21 Metastatic carcinoma. Scattered cytoker-
atin-positive tumour cells confirm the epithelial char-
acter of the lesion.
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CHAPTER 20

Tumours of Undefined Neoplastic Nature

There are many conditions of bone that are generally consi-
dered non-neoplastic, but often constitute important lesions to
be considered in the differential diagnosis of bone tumours.
Some feature the appearance and cytogenetic characteristics of
neoplasms, although the clinical behaviour rather supports a
non-neoplastic nature. Only the most important conditions are
included in this chapter.
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Aneurysmal bone cyst A.E. Rosenberg
G.P. Nielsen
J.A. Fletcher

Definition
Aneurysmal bone cyst (ABC) is a benign
cystic lesion of bone composed of blood
filled spaces separated by connective
tissue septa containing fibroblasts,
osteoclast-type giant cells and reactive
woven bone. ABC may arise de novo
(primary ABC), or secondarily compli-
cate other benign and malignant bone
tumours (secondary ABC) that have
undergone haemorrhagic cystic change.

Synonyms
Multilocular haematic cyst, giant cell
reparative granuloma.

Epidemiology
ABC affects all age groups, but is most
common during the first two decades of
life (median age approximately 13 years)
and has no sex predilection {1345,
2200}. The estimated annual incidence is
0.15 per million individuals {1239}.

Sites of involvement
ABC can affect any bone but usually aris-
es in the metaphysis of long bones espe-
cially the femur, tibia and humerus, and
the posterior elements of vertebral bodies.
Rare tumours whose morphology is iden-
tical to primary ABC of bone have also
been described in the soft tissues {53}.

Clinical features / Imaging
The most common signs and symptoms
are pain and swelling, which are rarely
secondary to fracture. In the vertebrae it
can compress nerves or the spinal cord
and cause neurological symptoms.
Radiographically, ABC presents as a lytic,
eccentric, expansile mass with well
defined margins. Most tumours contain a
thin shell of subperiosteal reactive bone.
Computed tomography and magnetic
resonance imaging studies show internal
septa and characteristic fluid-fluid levels
created by the different densities of the
cyst fluid caused by the settling of red
blood cells {1173,2200}. In secondary
ABC, CT and MRI may show evidence of
an underlying primary lesion.

Macroscopy
ABC is a well defined and multiloculated
mass of blood filled cystic spaces 
separated by tan white gritty septa. More
solid areas can be seen which may rep-
resent either a solid portion of the ABC or
a component of a primary tumour that has
undergone secondary ABC-like changes. 

Histopathology
ABC may arise de novo (primary ABC),
or secondarily complicate other benign
and malignant bone tumours (secondary
ABC) that have undergone haemorrhagic
cystic change {1281,1557,1699,1849,
1926}.

Primary ABC is well circumscribed and
composed of blood filled cystic spaces
separated by fibrous septa. The fibrous
septa are composed of a moderately
dense cellular proliferation of bland
fibroblasts, with scattered multinucleated
osteoclast-type giant cells and reactive
woven bone rimmed by osteoblasts. The
woven bone frequently follows the con-
tours of the fibrous septa. In approxi-
mately 1/3 of cases the bone is
basophilic and has been termed "blue
bone", however, its presence is not diag-
nostic as it can be seen in other entities.
Mitoses are commonly present and can
be numerous, however, atypical forms
are absent. Necrosis is rare unless there
has been a pathological fracture. The
solid variant of ABC has the same 
components as the septa and is very
similar, if not identical, to giant cell repar-
ative granuloma. Primary ABC accounts
for approximately 70% of all cases
{177,1859}.
The majority of secondary ABC develop
in association with benign neoplasms,
most commonly giant cell tumour of
bone, osteoblastoma, chondroblastoma
and fibrous dysplasia {1173,1345, 2200}.
However, ABC-like changes may also
omplicate sarcomas, especially
osteosarcoma.

Fig. 20.01 Aneurysmal bone cyst. A Plain X-ray of
an eccentric lytic mass of the proximal fibula. Note
the peripheral shell of reactive bone. B CT of the
same lesion (arrow).

Fig. 20.02 Aneurysmal bone cyst. MRI of large
destructive lesion of distal femur. Note numerous
fluid-fluid levels.
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Genetics
The most notable genetic feature is the
characteristic rearrangement of the
chromosome 17 short arm {1645}. The
chromosome 17 rearrangements are
often in the form of balanced transloca-
tions, in which material is exchanged
with the long arm of chromosome 16.
However, there are many variations on
this theme, and at least five different
chromosomes can serve as transloca-
tion partners with chromosome 17
{435,938,1645,1909,2281,2311}. The
cytogenetic analyses invariably reveal
normal metaphases along with those
bearing the translocations. Therefore,
the translocations can be assumed to
result from acquired aberrations, arising
in cytogenetically normal precursor
cells. The cytogenetic findings provide
compelling evidence that many aneursy-
mal bone cysts are clonal proliferations,
with activation of a 17p oncogene play-
ing a key role in their tumourigenesis.
The mechanisms of oncogene activation
appear to be heterogeneous, as shown
by the different types of 17p rearrange-

ment, and as evidenced by the absence
of 17p rearrangement in some cyto-
genetically abnormal aneursymal bone
cysts {135,435,938,1645,1909,2281,
2311}. It is also striking that these 
varied, but related, cytogenetic abnor-
malities have been reported across the
entire clinicopathological spectrum of
aneursymal bone cysts. Chromosome
16 rearrangement was identified in a
solid variant aneursymal bone cyst,
whereas chromosome 17 rearrangement
was found in an extra-osseous case
{435}. Hence, it appears that there are
generalisable transforming mecha-
nisms, that are utilised irrespective of
histological subtype or site of origin. 

Prognostic factors
ABC is a benign potentially locally 
recurrent lesion. The recurrence rate fol-
lowing curettage is variable (20-70%).
Spon- taneous regression following
incomplete removal is very unusual.
Rare cases of apparent malignant trans-
formation of ABC have been reported
{1197}.

BA
Fig. 20.03 Aneurysmal bone cyst. A Septa composed of reactive woven bone, fibroblasts, and scattered osteoclast-like giant cells. B So-called 'blue bone" in wall of
the lesion.

Fig. 20.04 Aneurysmal bone cyst of proximal fibula.
The well-defined haemorrhagic multicystic mass
has a prominent solid component in the centre.
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Definition
An intramedullary, usually unilocular,
bone cyst (cavity) filled with serous or
sero-sanguineous fluid.

Synonyms
Solitary bone cyst; unicameral bone cyst;
juvenile bone cyst; essential bone cyst.

Epidemiology
Males predominate in a ratio of 3:1.
About 85% of patients are in the first two
decades of life.

Sites of involvement
There is a predilection for long bones,
proximal humerus, proximal femur and
proximal tibia accounting for up to 90%
of cases. Pelvis and calcaneus are also
common locations in older patients.

Clinical features / Imaging
Simple bone cyst can produce pain and
swelling but, more frequently, patients
present with a pathological fracture.

Roentgenograms show a metaphysio-
diaphyseal lucency, extending up to
epiphyseal plate, with little or no expan-
sion of bone; marginal sclerosis is
absent or very thin. The cortex is usual-
ly eroded and thin, but is intact unless
pathological fracture has occurred.
There can be partial or complete septa-
tions of the cavity. MRI usually confirms
its fluid content, that can be bloody in
fractured lesions {1328}.

Aetiology
Growth defect at the epiphyseal plate
has been postulated, or that a venous
blood flow obstruction causes the sim-
ple cyst {342}.

Macroscopy
The cystic cavity is usually filled with
serous or sero-sanguineous fluid. The
inner surface of the cyst shows ridges
separating depressed zones covered
by a layer of thin membrane. Partial
septae may be seen.
The occasionally curetted specimen
consists of fragments of a usually thin,
whitish membrane that may be
attached at one surface to bone
spicules.

Histopathology 
The inner lining and septae of the cyst
consist of connective tissue that can,
occasionally, contain foci of reactive
new bone formation, haemosiderin pig-
ment and scattered giant cells.
Fibrinous deposits are often seen.
Some of these are mineralized, resem-
bling cementum. Occasionally, histo-
logical features of fracture callus may
be prominent. Rare "solidified" cases of
simple bone cyst have been described
in older subjects.

Genetics
A highly complex clonal structural
rearrangement involving chromosomes
4, 6, 8, 16, 21 and both chomosomes
12 has been described in a surgically
resected solitary bone cyst in an 11-
year-old boy {2195}.

Prognostic factors 
Recurrence is reported at 10-20% of
cases, especially in children. Growth
arrest of the affected bone and avascular
necrosis of the head of the femur after
pathological fracture can occur {2022}.
Spontaneous healing after fracture has
been described {52}.

R.K. Kalil
E.S. AraujoSimple bone cyst

Fig. 20.05 Simple bone cyst of proximal femur. The
lesion does not expand the bone.

Fig. 20.06 Simple bone cyst of proximal ulna. A
unilocular cyst contains fibrin clot.

Fig. 20.07 Simple bone cyst. The lining is usually
inconspicuous and contains scattered spindle
cells and giant cells.
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Definition 
Fibrous dysplasia (FD) is a benign
medullary fibro-osseous lesion which
may involve one or more bones.

Synonyms 
Fibrocartilagenous dysplasia, general-
ized fibrocystic disease of bone.

Epidemiology
Fibrous dysplasia occurs in children and
adults world-wide and affects all racial
groups with an equal sex distribution.
The monostotic form is six times more
common than polyostotic fibrous dys-
plasia.

Sites of involvement
The gnathic (jaw) bones are the most
common site of involvement in surgical
series (because they are often sympto-
matic) {1596}. In women, long bones are
more often involved, whereas ribs and

the skull are favoured sites in men
{2154}. In the monostotic form, about
35% of cases involve the head, a sec-
ond 1/3 occur in the femur and tibia, and
an additional 20% in the ribs. In the
polyostotic form, the femur, pelvis, and
tibia are involved in the majority of cases
{890}.

Clinical features / Imaging
Fibrous dysplasia may present in a
monostotic or polyostotic form, and in
the latter case, can be confined to one
extremity or one side of the body or be
diffuse. The polyostotic form often mani-
fests earlier in life than the monostotic
form {890}. The lesion is often asympto-
matic but pain and fractures may be part
of the clinical spectrum {333}. Fibrous
dysplasia may also be associated with
oncogenic osteomalacia {1660}. 
The polyostotic form of fibrous dysplasia
is intimately associated with McCune-
Albright syndrome, in which there are
endocrine abnormalities and skin pig-
mentation. There is also a relationship
between fibrous dysplasia and intramus-
cular myxomas (Mazabraud syndrome)
{630}.
Rontgenographic studies often show a
non-aggressive geographic lesion with a
ground glass matrix. There is generally
no soft-tissue extension, and a
periosteal reaction is not seen unless
there is a complicating fracture. CT
scans and MRI further delineate these
features and better define the extent
{422,1035,2118}.

Aetiology
Activating mutations of the G proteins
have been identified in both the mono-
stotic and polyostotic forms and may be
aetiologically important. 

Macroscopy
The bone is often expanded and the
lesional tissue has a tan grey colour with
a firm-to-gritty consistency. There may
be cysts, which may contain some yel-
low-tinged fluid {1948}. When cartilage
is present, it often stands out as sharply

circumscribed of blue-tinged translucent
material {2154}. 

Histopathology 
The lesion is generally well circum-
scribed and composed of fibrous and
osseous components; which are present
in varying proportions from lesion to
lesion and also within the same lesion.
The fibrous component is composed of
cytologically bland spindle cells with a
low mitotic rate. The osseous component
is comprised of irregular curvilinear tra-
beculae of woven (or rarely lamellar)
bone. Occasionally, the osseous compo-
nent may take the form of rounded
psammomatous or cementum-like bone.
Secondary changes such as foam cells,

G. Siegal
P. Dal Cin
E.S. Araujo

Fibrous dysplasia

Fig. 20.08 X-ray of a polyostotic form of fibrous dys-
plasia. There is a well defined lucency with scle-
rotic margins.

Fig. 20.09 CT of skull with fibrous dysplasia. In flat
bones the process is often expansile.

Fig. 20.10 Fibrous dysplasia with gross cartilaginous
components.
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multinucleate giant cells, a secondary
aneurysmal bone cyst or myxoid change
may occur. 

Genetics
Activating mutations in the GNAS1
gene, encoding the alfa subunit of stim-
ulatory G protein, has been demonstrat-

ed in monostotic as well as polyostotic
fibrous dysplasia {382} (see also chap-
ter on McCune-Albright syndrome).
Clonal chromosome aberrations have
been reported in eight of eleven in-
vestigated cases, suggesting that this
entity is neoplastic in nature {439}. The
only recurrent changes described so

far are structural rearrangements in-
volving 12p13 and trisomy 2 (three
cases each).

Prognostic factors
The prognosis of patients with FD is
good. Malignant transformation occurs,
but rarely.

BA
Fig. 20.11 Fibrous dysplasia. A Characteristic C shaped bony spicules with hypocellular spindle cell stroma. B High power appearance showing the typical appear-
ance of bone which seems to be dissected by spindle cell proliferation. Note that there is no osteoblastic rimming.
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Definition
Osteofibrous dysplasia (OFD) is a self-
limited benign fibro-osseous lesion of
bone characteristically involving cortical
bone of the anterior mid-shaft of the tibia
during infancy and childhood. 

Synonyms
Kempson-Campanacci lesion, cortical
fibrous dysplasia.

Epidemiology
The lesion is more commonly seen in
boys during the first two decades of life
with a precipitous drop-off thereafter,
OFD has been reported in neonates, but
is extremely rare after skeletal matura-
tion.

Sites of involvement
The proximal or middle-third of the tibia is
the most frequent site of involvement
{301}. Lesions can be bilateral with ipsi-

lateral or contralateral involvement of the
fibula. Other sites include the ulna and
radius {1055}. Multifocal or large conflu-
ent lesions oriented longitudinally along
the cortical axis are not unusual. 

Clinical features / Imaging
The lesion is rare after the age of 15. The
most common presenting symptoms are
swelling or a painless deforming bowing
of the involved segment of the limb. OFD
is typically epicentered in the cortical
bone but may involve the medullary cavi-
ty by extension. Although slow growth is
characteristic of OFD, some lesions are
aggressive and may involve the entire
bone with significant bowing deformity.
Often well demarcated, it is associated
with a thinning, expanding or even miss-
ing cortex. The expanding cortex is often
sclerotically rimmed near the medullary
bone. Separate or confluent oval-shaped,
scalloped, saw-toothed or bubbly multi-
loculated lytic lesions are often noted.
Perilesional sclerosis may be consider-
able.  The radiodensity of the interior of
the lytic foci are typically more radio-
dense than soft tissue.  Periosteal reac-
tions and soft tissue extensions are
unusual. Bone scans are typically hot. CT
scans classically delineate a cortical epi-
centre to the lesion not breaking through
into the soft tissue and demarcated from
medullary bone by sclerosis. MRI find-
ings show high intensity lesions on T2
weighted images and mixed signals on
T1 and fat suppressed images.

Aetiology
The occurrence of so-called OFD-like
adamantinoma, to be distinguished from
classic epithelium-rich adamantinoma
but differentiated from OFD with difficulty,
raises the possibility of an association
between OFD and adamantinoma {112,
918,1188}. Some cases of OFD may
arise de novo and are not related to
adamantinoma.

Macroscopy
OFD is solid with a whitish, yellowish or
reddish colour and soft or gritty texture

blending into the surrounding host
bone. The periosteum often appears
intact but the cortex is thin or absent.
The medullary extension is usually
demarcated by a sclerotic rim. 

Histopathology
The histopathologic findings in OFD 
are irregular fragments of woven bone
often rimmed by lamellar layers of bone
laid down by well defined osteoblasts.
Osteoclasts may be present. The fibrous
component consists of bland spindle
cells with collagen production and a
matrix that varies from a myxoid com-
ponent to one that is moderately fibrous.
Mitoses are extremely rare. A zonal
architecture has been delineated with
thin spicules and woven bone or even
fibrous tissue predominating in the cen-
tre of the lesion with more abun-
dant anastomosing and lamellar bone
peripherally, the latter often blending

V.J. Vigorita
B. Ghelman
P.C.W. Hogendoorn

Osteofibrous dysplasia

Fig. 20.12 Osteofibrous dysplasia. Expansile
lucent, longitudinally-oriented tibial lesion sur-
rounded by sclerosis and thinning of the anterior
cortex of the diaphysis of the tibia. Note the ante-
rior bowing of the tibia.

Fig. 20.13 Osteofibrous dysplasia. Low power 
magnification of the lesion featuring hypocellular
spindle cell proliferation and spicules of bone. The
bony spicules display prominent osteoblastic 
rimming.
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into the surrounding host bone {298}.
Secondary changes of hyalinization,
haemorrhage, xanthomatous change,
cyst formation and foci of giant cells are
rare. Cartilage or clusters of epithelial
cells are absent.

Immunophenotype
Osteofibrous dysplasia is positive for
vimentin and occasionally so for S100

and Leu7. Isolated cytokeratin positive
mast cells have been mentioned.
A tumour should be defined as OFD-
like adamantinoma when keratin-posi-
tive epithelial cells are found
{918,1534}.

Genetics
Numerical chromosomal abberations,
especially trisomy 7 and 8 have been

demonstrated {256, 267}, as well as
FOS and JUN proto-oncogene prod-
ucts.
Mutations of the alpha-subunit of sig-
nal transducing G-proteins with an
increase in cyclic AMP formation are
specifically absent {1845}.

Prognostic factors 
The natural history of osteofibrous
dysplasia is that of gradual growth dur-
ing the first decade of life with stabi-
lization at about 15 years of age
followed by healing or spontaneous
resolution. The progression of OFD-like
adamantinoma (or ‘OFD with keratin
positive cells’) to classic adamantino-
ma has been shown in a few patients
{562,918, 1041,2016}. In many others,
there is at least strong suggestion of a
progression {381,2157, 2235}.
OFD-like adam- antinoma seldom
progresses to classic adamantinoma.

Table 20.01
Chromosomal abnormalities in osteofibrous dysplasia.

No./Author Age/sex Tumour (type) Karyotype abnormality

1 Bridge {256} 11,M OFD (R) 47,XY,+12 (FISH: also +8,+20)

2 Bridge {256} 19,M OFD (R) 49,XY,+7,+8,+22

3 Bridge {257} 18,F OFD (P/R) 52,XX,+5,+7,+7,+8,+21,+21

P, primary tumour; R, recurrence, FISH: fluorescence in situ hybridization. Cases 1/2:keratin-negative OFDs.
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Definition
Langerhans cell histiocytosis is a neo-
plastic proliferation of Langerhans cells.

ICD-O codes
Langerhans cell histiocytosis, 
NOS 9751/1
Langerhans cell histiocytosis, 
unifocal 9752/1
Langerhans cell histiocytosis, 
multifocal 9753/1
Langerhans cell histiocytosis, 
disseminated 9754/3

Synonyms
Eosinophilic granuloma, Langerhans cell
granulomatosis, histiocytosis X. Clinical
variants have been referred to as Hand-
Schuller-Christian disease and Letterer-
Siwe disease.

Incidence
Langerhans cell histiocytosis (LCH) is a
relatively rare disorder, accounting for
less than 1% of all osseous lesions. LCH
involving bone has been reported in a

wide age distribution ranging from the
first months to the 8th decade of life with
80-85% of cases seen in patients under
the age of 30, and 60% under the age of
10. Males are affected twice as often as
females {1026,1253,1259,2253}.

Sites of involvement
Although any bone may be involved,
there is a predilection for LCH to involve
the bones of the skull, notably the calvar-
ium. Other frequently involved sites
include the femur, the bones of the
pelvis, and the mandible {1259,2253}. In
adults, the rib is the most frequent site of
involvement {2253}. Monostotic disease
is much more common than polyostotic.  

Clinical features / Imaging
Pain and swelling of the affected area
occur most commonly. Other findings are
related to the bone involved. In cases of
temporal bone involvement, the present-
ing features can show significant clinical
overlap with otitis media or mastoiditis.
With mandibular involvement, loosening

or loss of teeth can be encountered.
Vertebral body disease may result in
compression fracture and possible neu-
rological impairment. In adults, the lesion
can present as an incidental finding on
imaging studies. 
Early lesions may appear very aggres-
sive radiographically. Roentgenograms
generally show a purely lytic, well demar-
cated lesion, usually associated with
thick periosteal new bone formation.
Skull lesions are sometimes described
as representing a "hole in a hole" due to
uneven involvement of the two osseous
tables. In the vertebrae, the body is
involved producing collapse giving rise
to vertebra-plana.

Macroscopy
The involved tissue is soft and is red in
colour. 

Histopathology
The diagnosis depends on the recogni-
tion of Langerhans cells, which are inter-
mediate size with indistinct cytoplasmic

B.R. De Young
K.K. UnniLangerhans cell histiocytosis

Fig. 20.14 Langerhans cell histiocytosis. Plain X-
ray showing lucency in the shaft of the femur asso-
ciated with thick periosteal new bone formation.

Fig. 20.15 Langerhans cell histiocytosis. Low power magnification shows loose aggregates of histiocytic
appearing cells in a mixed inflammatory background with prominent eosinophilia and evidence of recent
haemorrhage.
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borders, eosinophilic to clear cytoplasm
with oval nuclei which frequently are
indented, irregular in outline, and typical-
ly possess nuclear grooves. Chromatin is
either diffusely dispersed or condensed
along the nuclear membrane. In osseous
LCH, the Langerhans cells are found in
nests or clusters. Diffuse sheet-like archi-
tecture is rare, and, if present, should
raise the suspicion of haematolymphoid
malignancy. The Langerhans cells are
frequently admixed with inflammatory
cells including large numbers of
eosinophils, as well as lymphocytes,
neutrophils and plasma cells. Necrosis is
common and does not portend an
aggressive clinical course. Multinucleat-

ed osteoclast-like giant cells and occas-
sionally lipid laden histiocytes may be
present. The cells of LCH can exhibit a
relatively brisk mitotic rate, with up to 5-6
mitoses per 10 high power fields.

Immunohistochemistry
Langerhans cells have a characteristic
immunophenotype which includes
expression of membrane based CD1a
{584} and S100 protein in both a nuclear
and cytoplasmic pattern {1530}. These
cells typically fail to express CD45.

Ultrastructure
Langerhans cells contain unique intracy-
toplasmic "tennis racket" shaped inclu-

sions known as Birbeck granules which
are thought to arise from the cell mem-
brane.

Genetics
Studies of X-chromosome inactivation
demonstrated that LCH is clonal {2275}.

Prognostic factors
The prognosis for patients with either
monostotic or limited polyostotic disease
is good. Death can result from LCH, but
this is a rare event and is associated only
with the disseminated forms of the dis-
ease and usually occurs in younger indi-
viduals less than three years at diagnosis
and with visceral involvement.
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BA
Fig. 20.16 Langerhans cell histiocytosis. A High power photomicrograph depicting Langerhans cells with ovoid to reniform nuclei with irregular notches and grooves. 
B Langerhans cells show distinct membrane based immunoreactivity for CD1a.
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Definition
Erdheim-Chester disease (ECD) is a rare
histiocytosis characterized by infiltration
of skeleton and viscera by lipid laden his-
tiocytes leading to fibrosis and osteo-
sclerosis.

Synonyms
Lipogranulomatosis, lipoidgranulomato-
sis, lipid (cholesterol) granulomatosis,
polyostotic sclerosing histiocytosis.

Epidemiology
The disease demonstrates a slight male
predominance with a peak incidence in
the 5th through the 7th decades (age
range is 7 to 84 years; mean age 53)
{2203}.

Sites of involvement
ECD predominantly affects the major
long bones of the extremities; but flat
bones can also be involved {306,664,
1138}. Extraskeletal manifestations occur
in more than 50% of cases, e.g.
kidney/retroperitoneum, heart/pericardi-
um, and lung. 

Clinical features / Imaging
General symptoms consist of mild bone
pain, occasionally associated with soft
tissue swelling, fever, weight loss, and

weakness. Other manifestations include
exophthalmos, diabetes insipidus, kid-
ney failure, cardiac, pulmonary, or neuro-
logical symptoms, eyelid xanthomas,
and hepatosplenomegaly {627,1091,
1218,2045,2203}. Despite the impressive
lipid laden histiocytic infiltration, the
serum lipid profile is relatively normal.
The radiographic picture of ECD is
unique and includes bilateral, symmetric,
patchy or diffuse sclerosis of the
medullary cavity of major long bones,
with relative epiphyseal sparing {1785}.
One third of cases have a mixed oste-
olytic and sclerotic pattern {276,1463,
2045}. The sclerotic lesions show
increased uptake on bone scan. CT scan
serves to detect orbital, dural, and
retroperitoneal lesions. On MRI the lesion
is of low signal intensity on T1-weighted
sequences, enhances intensely after
gadolinium injection {2299}, and gives
mixed signal intensity on T2-weighted
sequences {118,2045}.

Macroscopy
On gross examination, the lesions
appear as sulphur-yellow and variably
firm. 

Histopathology
The histology consists of a diffuse infiltra-
tion of marrow by foamy histiocytes asso-
ciated with dense fibrosis, lymphocytes,
plasma cells and Touton giant cells.
There is massive reactive sclerosis of
cortical and cancellous bone with irregu-
lar cement lines.

Immunophenotype
Immunohistochemistry confirms the
monocyte/macrophage lineage of the
lipid laden foamy histiocytes and giant
cells by their expression for lysozyme,
Mac387, CD68 (Kp-1), CD4 {2168},
alpha-1-antichymotrypsin, alpha-1-antit-
rypsin and S100 protein (variable)
{1615}. They are negative for CD1a. 

Ultrastructure
Electron microscopy shows a predomi-
nance of histiocytes with indented nuclei,

abundant intracytoplasmic lipid vacuoles
and sparse mitochondria, lysosomes,
and endoplasmic reticulum. Birbeck
granules are absent {664}.

Prognostic factors
The majority of patients eventually die
within 3 years of renal, cardiovascular,
pulmonary, or CNS complications {2203}.

T.N. Vinh
D.E. SweetErdheim-Chester disease

Fig. 20.17 Erdheim-Chester disease. Bone scan
highlights the increased uptake throughout the entire
length of the bones involved.

Fig. 20.18 Erdheim-Chester disease. Macrosection
of tibia showing medullary sclerosis, which abruptly
ends at the physis.

Fig. 20.19 Erdheim-Chester disease. Marrow infil-
tration by numerous foamy histiocytes associated
with dense fibrosis.
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Definition
Chest wall hamartoma is a non-neoplas-
tic proliferation of mesenchymal tissue,
predominantly cartilage, admixed with
aneurysmal bone cyst elements. The
lesion develops during fetal life and pres-
ents at or shortly after birth with an
extrapleural mass arising from the rib
cage.

Synonyms
Vascular hamartoma of infancy, mes-
enchymal hamartoma of the chest wall,
mesenchymoma.

Epidemiology
The lesion is rare. To date only 59 cases
have been documented. In approximate-
ly 40% of cases, the mass is apparent at
birth. However, most cases present
between ages one month to one year
{97}. Less frequently, lesions may pres-
ent in children up to age eight. One adult
aged 26 was diagnosed with a chest wall
hamartoma {531}. The lesion has also
been diagnosed in utero with CT scans
or ultrasound {1351,1807}.

Sites of involvement
The lesion is an intrathoracic and
extraplural mass and arises from one or
more ribs. Almost always, the posterior or
lateral portions of the rib are affected.

Rarely, the lesion may be multifocal or
bilateral in the chest cavity {2132}.

Clinical features
Chest wall hamartoma presents as a
mass or fullness of the rib cage. Most
often, the bulk of the mass is intratho-
racic. As a result, infants frequently
develop respiratory distress. 
Radiographically, chest wall hamartoma
is a partially mineralized mass arising
from the inside of the rib cage and
extending into the chest cavity. The
involved rib is partially destroyed, and
adjacent ribs are deformed. CT images
show an expansile mass and partial rib
destruction. Magnetic resonance images
shows alternating areas of high and low
signal on T1 and T2 sequences, reflect-
ing both solid and cystic components
{1886}.

Macroscopy
Lesions range from 3 to 7 cm in maxi-
mum dimension. Cut surface reveals
grey to white solid areas adjacent to cys-
tic cavities filled with blood.

Histopathology
Solid areas consist primarily of mature
hyaline cartilage, although areas resem-
bling chondroblastoma may be present.
The cartilage often shows enchondral

ossification. Areas with fibroblast-like
cells are also present. Cystic areas show
features typical of aneurysmal bone cyst:
blood-filled lakes are bounded by fibrous
septae which contain reactive bone and
osteoclast-like giant cells.

Prognostic factors
Complete surgical removal of the affect-
ed ribs results in cure. Scoliosis is an
occasional complication of surgery.
Rarely untreated patients may die of res-
piratory insufficiency {1379}. However,
most unoperated lesions remain stable.
Spontaneous regression has also been
reported {721}.

E.F. McCarthy
H. DorfmanChest wall hamartoma

Fig. 20.20 Chest wall hamartoma. X-ray of a newborn
showing a lesion in the right lower rib cage, involving
several ribs and projecting into the chest cavity.

Fig. 20.21 CT scan of a chest wall hamartoma in a
three-day-old infant involving the inner aspect of a rib.
The lesion has a radiodense component.
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Fig. 20.22 Chest wall hamartoma (A) showing the
typical chondroid matrix. B Histology similar to that
of a conventional aneurysmal bone cyst with blood-
filled lakes separated by septae composed of stromal
cells and multinucleated giant cells. C Immature
chondroblastoma-like cells.

B

A
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CHAPTER 21

Congenital and Inherited Syndromes Associated with
Bone and Soft Tissue Tumours

During the past decade, rapid progress has been made in our
understanding of how inherited genetic aberrations may influ-
ence cancer risk. A large number of neoplasia-associated syn-
dromes following Mendelian inheritance has been defined both
clinically and at the DNA level, providing a solid basis for genet-
ic counselling of patients and their families. The identification of
specific genes involved in inherited cancer predisposition pro-
vides, in addition, important insights into genetic pathways
involved in the development of sporadic neoplasia.

Although inherited susceptibility accounts for only a minority of
all bone and soft tissue tumours, several syndromes and disor-
ders have been identified, and for many of them the underlying
genetic cause has been identified. In the attached Table, well
characterized familial disorders associated with bone and soft
tissue tumours are listed, including congenital malformation syn-
dromes in which no clear pattern of inheritance has as yet been
noted. 

On the following pages, a more detailed description of the clini-
cal, histopathological, and genetic data is provided for those
syndromes that are well characterized at the DNA level, or for
which the associated neoplasms display features that are dis-
tinct from those of their sporadic counterparts. Cowden disease,
Li-Fraumeni syndrome and neurofibromatosis type 1 and 2 have
been dealt with in the WHO Classification of Tumours of the
Nervous System.
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350 Congenital and inherited syndromes associated with bone and soft tissue tumours

OMIMa Disorderb Inheritance Locusc Gene Bone and soft tissue tumours

103580 Albright hereditary osteodystrophy AD 20q13 GNAS1 Soft tissue calcification and osteomas

153480 Bannayan-Riley-Ruvalcaba syndrome AD 10q23 PTEN Lipomas, haemangiomas

130650 Beckwith-Wiedemann syndrome Sporadic/AD 11p15 Complex, Embryonal rhabdomyosarcomas,
incl. CDKN1C myxomas, fibromas, hamartomas
and IGF2

210900 Bloom syndrome AR 15q26 BLM Osteosarcomas

160980, Carney complex AD 17q23-24 PRKAR1AK Cardiac and other myxomas,
605244 2p16 - melanocytic schwannomas

112250 Diaphyseal medullary stenosis AD 9p21-22 - Malignant fibrous histiocytomas of bone
with malignant fibrous histiocytoma

151623 Li-Fraumeni syndrome AD 17p13 TP53 Osteosarcomas, rhabdomyosarcomas
22q11 CHEK2 and other soft tissue sarcomas

151800 Lipomatosis, symmetrical Sporadic - - Lipomas, lipomatosis of the head and neck

166000 Maffucci syndrome Sporadic - - Enchondromas, chondrosarcomas,
spindle cell haemangiomas,
haemangiomas, angiosarcomas

- Mazabraud syndrome Sporadic 20q13 GNAS1 Polyostotic fibrous dysplasia,
osteosarcomas, intramuscular myxomas

174800 McCune-Albright syndrome Sporadic 20q13 GNAS1 Polyostotic fibrous dysplasia,
osteosarcomas

133700, Multiple osteochondromas, AD 8q24, EXT1 Osteochondromas, chondrosarcomas
133701 non-syndromic 11p11-12 EXT2

228550 Myofibromatosis AR - - Myofibromas

162200 Neurofibromatosis type 1 AD 17q11 NF1 Neurofibromas, malignant peripheral
nerve sheath tumours

101000 Neurofibromatosis type 2 AD 22q12 NF2 Schwannomas

166000 Ollier disease (enchondromatosis) Sporadic 3p21-22 PTHR1 Enchondromas, chondrosarcomas

Table 21.01
Congenital syndromes associated with bone and soft tissue tumours.
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OMIMa Disorderb Inheritance Locusc Gene Bone and soft tissue tumours

167250; Paget disease of bone, familial AD 18q21 TNFRSF11A Osteosarcomas
602080 5q31 -

5q35 -

176920 Proteus syndrome Sporadic - - Lipomas

180200 Retinoblastoma AD 13q14 RB1 Osteosarcomas, soft tissue sarcomas

601607 Rhabdoid predisposition syndrome AD 22q11 SMARCB1 Malignant rhabdoid tumours

268400 Rothmund-Thomson syndrome AR 8q24 RECQL4 Osteosarcomas

180849 Rubinstein-Taybi syndrome AD 16p13 CREBBP Myogenic sarcomas

138000 Venous malformations AD 1p21-22 - Glomus tumors
with glomus cells

277700 Werner syndrome AR 8p11-12 WRN Various bone and soft tissue sarcomas

a OMIM = entry number in McKusick’s Online Mendelian Inheritance in Man {1376}.
b Syndromes associated with tumours affecting only the skin or parenchymatous organs are not included.
cAD = autosomal dominant; AR = autosomal recessive.
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Familial adenomatous polyposis M. Nilbert
C.M. Coffin

Definition
Familial adenomatous polyposis (FAP)
is characterized by the development of
multiple colorectal polyps, which are
premalignant lesions with a strong ten-
dency to progress into carcinomas.
Gardner syndrome, characterized by
colorectal polyps as well as extra-
colonic manifestations such as dental
abnormalities, osteomas, epidermoid
cysts and desmoid tumours, was initial-
ly considered a separate entity, but has
now been recognized as a variant of
FAP. FAP is caused by mutations in the
adenomatosis polyposis coli (APC)
gene on chromosome 5.

OMIM number 175100

Synonyms
Bussey-Gardner polyposis, adenoma-
tous polyposis coli, familial polyposis
coli, familial multiple polyposis, etc.

Incidence
Estimates of the incidence of FAP vary
between 1/7,000 and 1/30,000 {1033}.
Whereas dental abnormalities and
osteomas occur in more than half of the
patients, desmoid tumours and epider-
moid cysts develop in a minority of the
patients. Overall, FAP accounts for less
than 1% of all colorectal cancers.

Diagnostic criteria
The diagnosis of FAP requires 1) at least
100 colorectal adenomas or 2) a

germline, disease-causing mutation of
the APC gene or 3) a family history of
FAP and at least one of the following:
epidermoid cysts, osteomas or desmoid
tumour. Other types of extracolonic
manifestations are associated with FAP,
including adenomatous polyps of the
upper gastrointestinal tract, congenital
hypertrophy of the retinal pigment
epithelium (CHRPE), an increased risk
of hepatoblastoma and tumours of the
endocrine system, most commonly pap-
illary carcinoma of the thyroid. Further-
more, an association with brain
tumours, especially medulloblastomas,
occurs in the Turcot syndrome, which in
two-thirds of the cases is caused by
APC mutations. In familial infiltrative
fibromatosis (OMIM No. 135250), which
is also caused by germline mutations of
APC, there is an inherited predisposition
to desmoid tumours, but only few or no
colonic polyps.

Clinical features 
Colorectal adenomas usually develop
into endoscopically detectable lesions
at 10-20 years of age and increase in
number and size over time. Untreated
FAP patients develop colorectal cancer
at a median age of about 40 years. FAP
patients should be screened with
endoscopy with 1-2 year intervals from
10-15 years of age up to 40 years of age
and prophylactic colectomy is per-
formed when adenomas are detected.
Extraintestinal manifestations, in partic-
ular epidermoid cysts, dental abnormal-
ities, osteomas and CHRPE often pre-
ceed the development of adenomas
and may serve as clinical markers of
FAP. 

Bone and soft tissue tumours
The description of Gardner syndrome in
the 1950’s highlighted the association of
familial polyposis coli with a spectrum of
extracolonic manifestations, including
lesions of soft tissue and bone {766-
769}. The most commonly encountered
bone and soft tissue lesions are osteo-
mas, cortical thickening of bone, epi-

dermoid cysts, and desmoid-type fibro-
matoses {766,768,1544,1606,1705}. In
addition to these lesions, a variety of
other soft tissue masses have been clin-
ically described, with varying extents of
pathological analysis. These include ill
defined connective tissue masses, "lipo-
mas" {1705}, "fibrous dysplastic lesions"
{1544}, "familial infiltrative fibromatosis"
{1913}, fibromatous mesenteric plaques
{363}, juvenile nasopharyngeal angiofi-
broma {784}, Gardner fibroma {2227},
and rhabdomyosarcoma {84}.
The association of desmoids, including
those with childhood onset, with adeno-
matous polyposis of the coli is now well
recognized {175,312,361,362,566,768,
769,1032,1068,1913}. The incidence of
desmoid tumours in patients with poly-
posis has been estimated to be around
10%. Pathological features of desmoid-
type fibromatosis are described else-
where in this book (see page 83).
Particular APC mutation types are asso-
ciated with a higher frequency of des-
moid tumours {175, 312, 859, 931, 957,
1015,1047,1137,1286,1685,1799,1993}.
The Gardner fibroma {2227}, described
elsewhere in this book (see page 76), 
is similar to the fibromatous mesenteric
plaques reported in patients with ade-
nomatous polyposis coli {363}. These
lesions are associated with develop-
ment of desmoid-type fibromatosis in
the same site, either following surgery
or de novo {361,2227}. Recognition of
the Gardner fibroma in childhood can
serve as the sentinel event for diagnosis
of adenomatous polyposis of the colon
{2227}. Juvenile nasopharyngealangio-
fibroma has also been reported in asso-
ciation with adenomatous polyposis of
the colon {8,10,784}. However, some
have questioned whether this associa-
tion is coincidental or whether it is actu-
ally related to another alteration of the
APC gene {850}. Rhabdomyosar-coma
has been reported in rare instances in
individuals or families with adenoma-
tous polyposis of the colon {84,1299},
but it is unclear whether this is a spo-
radic occurrence or another syndromic

Fig. 21.01 Epidermoid cyst on the dorsal surface of
the hand of a patient with familial adenomatous
polyposis.
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manifestation.
Bone lesions associated with adenoma-
tous polyposis of the colon are entirely
benign and are viewed as dysplasias.
Multiple osteomas formed by membra-
nous ossification, especially of calvarial
and mandibular surfaces, characterize
the "ivory exostosis" of Gardner syn-
drome {285, 331, 1075, 1690}. Histologi-
cally, the Gardner osteoma is a nodular
excrescence of mature lamellar bone
involving the cortical surface, especially
the outer table of the skull, the mandibu-
lar cortex, or rarely other sites. Like
desmoid fibromatosis, particular APC
gene mutations are associated with
more severe osseous manifestations
{451, 1180, 2080}. Diffuse craniofacial
sclerotic bone changes and dental mal-
formations are also encountered. The
bony lesions of adenomatous polyposis
of the colon do not evolve into other
benign neoplasms, such as osteoblas-
tomas, or into malignant lesions.

Genetics
Germline mutations of the APC gene is
the only identified cause of FAP. FAP is
autosomally dominantly inherited with
an almost complete penetrance.
However, at least one-fifth of the
patients lack a family history and are
thus assumed to carry de novo muta-
tions of the APC gene {204}.

Gene structure
The APC gene was in 1986 localized to
5q21-22 through observation of a
patient with polyposis and a constitu-
tional interstitial deletion of 5q followed
by an establishment of linkage to this
locus in several FAP kindreds {940,
1241}. The APC gene was isolated in
1991 and was found to be mutated in
the germline of patients with FAP {840,
1123}. The gene spans 120 kb, is com-

posed of 15 coding exons and contains
an open reading frame of 8,538 bp.
Several alternatively spliced forms of
APC with different 5´regions have been
identified.

Gene expression
The 2,843 amino-acid APC protein is
ubiquitously expressed in most normal
tissues with the highest expression
found in the central nervous system.
APC is a multifunctional protein with
several functional domains through
which APC exerts its main function as a
negative regulator of the Wnt signalling
pathway {312,693,921,1819}. Normal
Wnt signalling inhibits the function 
of glycogen synthase 3ß (GSK3B),
dephosphorylates axin / conductin and

thereby targets ß-catenin for degrada-
tion. ß-catenin is involved in the
cytoskeletal organisation with micro-
tubule binding and in cell adhesion
through interaction with E-cadherin.
APC mutations, presumably trough loss
of binding sites and degradation sites
for ß-catenin lead to intracellular accu-
mulation of ß-catenin, which is trans-
ferred to the nucleus and through inter-
action with transcription factors of the
TCF/LEF family regulates expression of
downstream target genes such as MYC
and CCND1 {2011, 2104}. The C-termi-
nal mediates binding to microtubule-
associated proteins of the EB1/RP1 
family. Truncated APC thereby promotes
chromosomal instability through disrupt-
ed interaction between the kinetochores
and the spindle microtubules {693}.

Mutations
Analyses of the APC gene in patients
with FAP reveal mutations in about 80%
of the kindreds examined, and the
remaining patient are likely to carry APC
gene mutations leading to large dele-
tions or impaired protein expression.
Over 95% of the mutations identified
result in protein truncation, which large-
ly result from nonsense point mutations
or deletions causing frameshifts.
Genotype-phenotype correlations exist;

Fig. 21.03 Functional and disease-related domains of the APC gene. ß-catenin binding is achieved through
the 15-amino acid and 20-amino acid repeat-containing regions and the C-terminal of APC which interacts
with microtubule-associated proteins of the EB/RP family and with DLG, a human homologue of the
Drosophila discs large tumour suppressor protein. Mutations between codons 1403 and 1578 have been
associated with the extracolonic manifestations, e.g. desmoid tumours.
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BA
Fig. 21.02 Mesenteric fibromatosis (desmoid tumour) in a patient with FAP. A The lesion entraps loops of
small intestine. B Histopathology is dominated by collagen bands and small vessels.
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truncating mutations in the 5´ end of 
the gene have been associated with
attenuated FAP, mutations in the central
region of gene, including the mutational
hotspot at codon 1309, are associated

with multiple polyps at young age, and
mutations between codons 1444 and
1578 are associated with an increased
incidence of desmoid tumours {451,
1124, 2011}. However, patients with

identical mutations can develop dissi-
milar clinical features and the genotype
clinically serves as a risk determinant
rather than as an absolute predictor of
the extent of the disease.

Definition
The Beckwith-Wiedemann syndrome
(BWS) is a complex overgrowth disorder
caused by a number of genes that are
subject to genomic imprinting. A high
incidence of solid childhood tumours,
including rhabdomyosarcoma, is seen in
patients that present with BWS.

OMIM number 130650

Synonyms
EMG syndrome (Exomphalos-Macro-
glossa-Gigantism syndrome), WBS
(Wiedemann-Beckwith syndrome).

Incidence
The syndrome occurs with an estimated
incidence of 1:13,700 and most cases
(85%) are sporadic.

Diagnostic criteria
Patients can be classified as having BWS
according to the clinical criteria pro-
posed by Elliot or DeBaun {479, 580}
although cases of BWS are known that
do not comply with either set of criteria.
Elliot classifies patients as BWS when
they present with three major features or
two major features plus three or more
minor features (major features: anterior
abdominal wall defects, macroglossia
and pre- and/or postnatal growth > 90th
centile; Minor features: ear creases or
pits, naevus flammeus, hypoglycaemia,

nephromegaly and hemihypertrophy).
DeBaun is less strict in his classification
i.e. two or more of the five most common
features (macroglossia, birth weight >
90th percentile, hypoglaecemia in the
first month of life, ear creases/pits and
abdominal wall defects).
BWS can be diagnosed in the laboratory
by chromosome banding analysis (< 5%)
or DNA-diagnostics. The current major
test involves methylation assays or loss
of imprinting (LOI) studies at the RNA
level. The majority of cases (50-80%)
demonstrates aberrant methylation of
KCNQ1OT1, with or without aberrant
methylation of IGF2/H19. These latter
cases often show uniparental disomy
(UPD), in a mosaic form, for 11p15,
which explains this aberrant methylation.
However, the majority of cases with
KCNQ1OT1 defects and some cases
with H19/IGF2 defects have no UPD
11p15. Therefore, an imprinting switch
can be assumed involving an imprinting
centre, analogous to the Prader-Willi and
Angelman syndromes. The current data
are most compatible with two distinct
imprinting centres for either KCNQ1OT1
or IGF2/H19. CDKN1C mutation analy-
ses might be considered, especially in
familial cases of BWS. The increased
tumour risk for BWS patients seems to be
associated with UPD in general and H19
methylation defects in particular.
KCNQ1OT1 methylation defects only

seem to be a favourable prognostic fac-
tor since tumours are not, or only very
rarely associated with this group of
patients. Recurrence risks for a second
pregnancy can be assessed with UPD
studies. In case of a UPD in a mosaic
form, there is no increased recurrence
risk for BWS in a second pregnancy
since the genetic defect occurred post-
fertilisation.

Clinical features
The BWS is a disorder first described by
Beckwith in 1963 at the 11th annual
meeting of the Western Society for
Pediatric Research. Later, Wiedemann
and Beckwith described the syndrome in
more detail {149, 2266}. BWS is charac-
terized by a great variety of clinical fea-
tures, among which are abdominal wall
defects, macroglossia, pre- and postna-
tal gigantism, earlobe pits or creases,
facial nevus flammeus, hypoglycemia,
renal abnormalities and hemihypertrophy.

Tumours
BWS patients have a risk of 7.5% for the
development of  (mostly intra-abdominal)
childhood tumours. Tumours most fre-
quently found are Wilms’ tumour, adreno-
cortical carcinoma, embryonal rhab-
domyosarcoma, and hepatoblastoma.
Also myxomas, fibromas, and chest wall
hamartomas have been reported to
occur at increased frequencies.

M. MannensBeckwith-Wiedemann syndrome
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Genetics
BWS is caused by genetic changes in
chromosome band 11q15, as shown by
linkage studies, and the detection of
chromosome abnormalities, LOI, and
gene mutations. The syndrome is sub-
ject to genomic imprinting since mater-
nal transmission seems to be predomi-
nant. In addition, chromosomal translo-
cations are of maternal origin, dupli-
cations and UPD of paternal origin. All 
hitherto known causative genes are
imprinted. The translocation breakpoints
on chromosome 11 map to three distinct
regions within 11p15.3-pter. Beckwith-
Wiedemann syndrome chromosome 
region 1 (BWSCR1) near INS/IGF2,
BWSCR2 5 Mb proximal to BWSCR1,
and BWSCR3 2 Mb even more proximal
{967}. This already points to genetic 
heterogeneity but also at the clinical
level there seems to be heterogeneity.
Chromosomal translocations in BWSCR1
and BWSCR3 are associated with the
classical BWS phenotype and BWSCR2
with minor BWS features but pronoun-
ced hemihypertrophy. BWSCR 1 and
BWSCR2 have been cloned and genes
isolated from these regions were shown
to be involved in the development of this
disorder. All genes involved are subject
to genomic imprinting {1326, 2023}.

BWSCR1
This region consists of a number of
imprinted genes. All known transloca-
tion breakpoints disrupt KCNQ1, a
gene coding for a potassium channel
in-volved also in inherited cardiac
arrhythmia syndromes. This imprinted
gene, however, is most likely not direct-
ly involved in BWS. A gene transcribed
in the antisense orientation of KCNQ1
clearly is. This gene, KCNQ1OT1, shows
aberrant methylation in 50-80% of BWS
cases. It does not code for a protein
and may function through its RNA.
CDKN1C is an inhibitor of cyclin-
dependent kinases. Heterozygous
mutations have been identified in 
about 20% of BWS patients in two stud-
ies. Others, however, have not been
able to confirm this mutation frequency.
Although not a major cause of BWS, it is
possible that in certain countries, e.g.,
in Asia, the mutation frequency is ele-
vated. In addition, it has been 
reported that this gene is more fre-
quently involved in familial cases 
of BWS. CDKN1C mouse models
revealed some of the clinical BWS 
features such as omphalocele and renal
adrenal cortex anomalies. In humans,
CDKN1C also seems to be more fre-
quently associated with abdominal wall

defects. Another strong candidate for
involvement in the aetiology of BWS is
IGF2. Mouse models overexpressing
Igf2 displayed a phenotype overlapping
with the BWS phenotype. Loss of IGF2
imprinting is often seen in BWS patients.
Down-stream from IGF2 lies H19, again
a non-coding gene. The expression of
IGF2 and H19 seems to be linked. H19
is important for the maintenance of the
imprinting status of IGF2. Mouse studies
underline the link between IGF2 and
H19 expression and overgrowth phe-
notypes were found. H19 loss of im-
printing is frequently seen in BWS 
cases although not always in combi-
nation with IGF2 LOI. Finally, a gene
called ASCL2 is localized to the 11p15-
imprinted region. Although no direct
involvement in the BWS aetiology is
known, this gene might account for 
the fact that most, if not all, BWS cases
with UPD present in a mosaic form. 
The mouse homologue codes for a 
transcription factor, which is expressed
during early mouse development and 
is essential for the development of the
placenta. Therefore, also in humans,
complete lack of expression might be
lethal.

BWSCR2
Two patients define this second chromo-
somal region, one of whom developed a
Wilms tumour {34}. Both translocations
in 11p15.4 disrupt a paternally imprint-
ed zinc-binding finger gene ZNF215.
Parts of the 3’ end of this gene are tran-
scribed from the antisense strand of a
second zinc-finger gene, ZNF214.
Although putative mutations in these
genes in other sporadic BWS cases
were found, their involvement in BWS
needs to be further elucidated by func-
tional studies.
More detailed information on the struc-
ture and expression of genes involved in
BWS could be found at: 
http://www.infobiogen.fr/services/
chromcancer/Kprones/Beckwith
WiedemannID10037.html
{1325}.

Fig. 21.04 Imprinted genes on 11p15 involved in BWS. The parental expression (imprinting) of these genes
is indicated.
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Definition
Ollier disease is a developmental disor-
der characterized by the occurrence of
multiple cartilaginous masses, particular-
ly affecting the short and long tubular
bones of the limbs. When cutaneous, soft
tissue or visceral haemangiomas are
also present, the disorder is referred to
as Maffucci syndrome. 

OMIM number 16600L {1376}

Synonyms
Ollier disease is also referred to as multi-
ple enchondromas or dyschondroplasia. 

Incidence
Rare, but exact incidence is unknown.
Enchondromatosis has been described
in many different ethnic groups, and
there is no significant gender bias.

Diagnostic criteria
The diagnosis is based on the
roentgenographic appearance and clini-
cal features. No distinctive genetic or

biochemical marker for either Ollier dis-
ease or Maffucci syndrome has as yet
been identified.

Clinical features and tumours
Ollier disease usually manifests already
in early childhood, commonly presenting
as swelling of the fingers. Enchondromas
in the metaphyseal regions of long bones
may also result in deformity and limb
asymmetry, as well as pathological frac-
tures. Although careful examination will
reveal that the vast majority of patients
have bilateral enchondromatosis, there is
a tendency for one side of the body to be
more severely affected. The extent of a
patient’s orthopedic complications,
which is highly variable and difficult to
predict, is largely dependent on the num-
ber and skeletal distribution of enchon-
dromas. 
The enchondromas primarily affect the
short and long tubular bones of the
extremities, but flat bones, such as the
pelvis and ribs, may be involved. The
craniofacial bones and vertebrae, how-
ever, are usually spared. With few excep-
tions, the enchondromatous lesions stop
growing at puberty. Continued or
renewed growth in adults should raise
the suspicion of malignancy. Whereas
sarcomatous transformation of solitary
enchondromas is rare, patients with
Ollier have a markedly increased risk,
ranging from 15 to 30%, of developing
malignant bone tumours, in particular
chondrosarcomas {1274,1901}. Some
patients even develop multiple sarcomas
{303}.
Most patients with Maffucci syndrome
present at birth or in early childhood with
cavernous haemangiomas, varying in size
from a few millimetres to several centime-
tres, that are typically located in the dermis
or subcutaneously on the distal parts of
the limbs. However, haemangiomas may
also be found in internal organs. In addi-
tion, spindle cell haemangioma, a vascu-
lar lesion with a high propensity for local
recurrence but no potential for metastasis,
is overrepresented among patients with
Maffucci syndrome {639,1688}. 

The skeletal features in Maffucci syn-
drome are indistinguishable from those in
Ollier disease, but the risk of developing
chondrosarcoma is possibly even higher
among patients with Maffucci syndrome,
with incidence figures reaching 20-30%
in some series {1067,2055}. An
increased incidence has also been sug-
gested for other malignancies, including
angiosarcomas, brain tumours, and
tumours of the hepatobiliary system {538,
1901}, as well as certain benign tumours. 
In both forms of enchondromatosis, care-
ful surgical and orthopedic intervention
may avoid or minimise deformities.
Furthermore, all patients should be
instructed to pay close attention to signs
or symptoms heralding malignant trans-
formation.
The more widespread the disease, the
greater is the likelihood for malignant
transformation {538}. The prognosis for
patients developing secondary chon-
drosarcoma is similar to that for patients
with sporadic chondrosarcomas, and
depends on tumour size and location,
and histological malignancy grade
{1230}.

Roentgenographic features
Roentgenographic features of Ollier dis-
ease and Maffucci syndrome are similar
except for the presence of phleboliths in the
soft tissue haemangiomas in the latter con-
dition. The cartilage present has expansile
masses at the metaphyseal region with cal-
cification in the form of longitudinal striation.

F. Mertens
K. UnniEnchondromatosis: 

Ollier disease and Maffucci syndrome

Fig. 21.05 Enchondromas and calcified thrombi in
soft tissue haemangiomas in the left hand of a
patient with Maffucci syndrome.

A

B
Fig. 21.06 Multiple enchondromas causing
swelling and angular deformity in the left hand of a
patient with Ollier disease.
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Definition
McCune-Albright syndrome (MAS) is a
sporadically occurring disorder consist-
ing of polyostotic fibrous dysplasia, café-
au-lait spots, and hyperfunctioning
endocrinopathies. The syndrome is
caused by mutations in the GNAS1 gene.

OMIM number 174800L

Incidence
No accurate incidence has ever been
determined for MAS. Fibrous dysplasia
may occur without MAS and the over-
whelming majority of these cases are
monostotic.  Polyostotic fibrous dyspla-
sia occurs much less frequently and
about 3% of the these cases represent
MAS {382,383}.

Diagnostic criteria
Polyostotic fibrous dysplasia, café-au-lait
spots, and hyperfunctioning endocrino-
pathies {31-33,1375}.

Clinical features
Cardinal features include café-au-lait
spots, polyostotic fibrous dysplasia, mul-
tiple endocrinopathies including sexual
precocity, pituitary adenoma, and hyper-
thyroidism. There is high expression of
the FOS proto-oncogene in cells popu-
lating the bone marrow spaces. Many

other abnormalities are found with low
frequency: gastrointestinal polyps;
hyperplasia of the thymus, spleen, and
pancreatic islet cells; hepatobiliary dis-
ease; cardiac disease; failure to thrive;
metabolic acidosis; abnormalities in
serum electrolytes, glucose, or insulin

Microscopic features
The cartilage in enchondromas is pre-
sent as well circumscribed nodules in
the medullary cavity and occasionally on
the surface. The matrix does not show
myxoid change. The lesion is hypercellu-
lar and the chondrocyte nuclei are
enlarged and irregular.

Genetics
Most cases of enchondromatosis are
sporadic, but families with multiple
affected members have been reported,
possibly suggesting autosomal domi-
nant inheritance with reduced pene-
trance {1376}. Molecular genetic analy-
sis of a high grade chondrosarcoma

from a patient with Ollier disease re-
vealed loss of heterozygosity for the
chromosomal bands harbouring the RB1
and CDKN2A tumour suppressor genes
as well as TP53 overexpression, but
none of these changes were found in
tissue from an enchondroma {243}.
Recently, a study of patients with Ollier
disease revealed mutations of the
PTHR1 gene, encoding a receptor for
parathyroid hormone and parathyroid
hormone-related protein (PTH/PTHrP), in
two of six cases; in one as a germline
mutation, and in one as a somatic mu-
tation in enchondroma tissue {968}. The
detected mutation, resulting in an R150C
substitution in the extracellular domain

of PTHR1, was shown to cause in-
creased cAMP signalling, which is ana-
logous to the situation in Jansen meta-
physeal chondrodysplasia (OMIM
156400), an autosomal dominant disor-
der sharing some radiographic and his-
tological features with Ollier disease.
The hypothesis that a mutant PTH/PTHrP
receptor could delay the differentiation
of proliferating chondrocytes by consti-
tutively activating Hedgehog signalling
{1885} was further substantiated by
studies of transgenic mice carrying the
same R150C PTHR1 mutation {968}. The
R150C substitution could not be detec-
ted in a series of 50 sporadic chon-
drosarcomas {968}.

M.M. Cohen, Jr.
G.P. Siegal

McCune-Albright syndrome

Fig. 21.07 Fibrous dysplasia in Albright syndrome.

Table 21.02
GNAS1 mutations in solitary, sporadic neoplasms.

Neoplasm

* Mazabraud syndrome, the combination of polyosto-
tic fibrous dysplasia and intramuscular myxomas, is
also caused by GNAS1 mutations. From Cohen {382}

Osteosarcoma
Pituitary adenoma
Thyroid adenoma
Thyroid carcinoma
Parathyroid adenoma
Leydig cell tumour
Ovarian cyst
Intramuscular myxoma*
Breast carcinoma
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levels; hyperphosphaturic hypophos-
phatemia; osteo-sarcoma (4%); devel-
opmental delay; microcephaly; and sud-
den or premature death {302,382,383,
392,1936}.

Bone and soft tissue tumours
As noted above, one of the primary
pathological conditions which defines
MAS is polyostotic fibrous dysplasia.
Other benign lesions associated with
this condition include mucoceles of
the head and neck {547,745}, simple
(unicameral) bone cysts {1001,1129}
and aneurysmal bone cysts {76,
1288,1759}. Perhaps the best known
concordance is with soft tissue, usu-
ally intramuscular, myxomas, known as
the Mazabraud syndrome {2108}.
Interestingly, activating mutation in the
GNAS1 gene have been detected in
myxoma cells {1605}, but not in leuko-
cytes or fibroblasts, from patients with
Mazabraud syndrome.
Malignant bone tumours have also
been associated with the fibrous
dysplasia seen in MAS. Osteosarco-
ma, and possibly also conventional
and dedifferentiated chondrosarco-
ma, appear to occur with increased
frequency {212, 872, 932, 1282, 1630,
1725, 1823}. Although other sarcomas,
including fibrosarcoma and malignant
fibrous histiocytoma, have been linked
to fibrous dysplasia {1822}, these have
not been reported in patients with MAS.

Individuals with MAS are also suscepti-
ble to endocrine tumours, including
adrenocortical and pituitary tumours
{1133,1637}.

Genetics
McCune-Albright syndrome (MAS) is
caused by mutations in the GNAS1
gene located in chromosome band
20q13. GNAS1 (guanine nucleotide-
binding protein, α-stimulating activity
polypeptide 1) encodes the G-protein α
stimulatory subunit (Gsα), a component
of heterotrimeric G-protein complexes.

Gene function
G proteins (guanine nucleotide proteins)
are a family of molecules composed of
three subunits designated α, β, and γ.
The function and specificity of each G
protein is determined by the α subunit,
which is unique for each type. The β and
γ subunits tend to be more homoge-
neous. Like all G proteins, the inactive
form of Gsα contains bound GDP
(guanosine diphosphate). A GPCR (G
protein-coupled receptor) facilitates the
exchange of bound GTP (guanosine
triphosphate) for GDP producing the
active form {382,383}.
Adenylyl cyclase is activated following
ligand-binding to G-protein-coupled
receptor. Ligand-binding (B) produces
a conformational change in the receptor
and GDP is replaced by GTP, which
results in dissociation of the a subunit.

Binding of the active form of the α sub-
unit to adenylyl cyclase (C) activates
this enzyme, resulting in the formation of
cAMP from ATP. Hydrolysis of GTP to
GDP is catalysed within seconds by the
intrinsic GTPase (guanosine triphos-
phatase) activity of Gsα which causes
dissociation of the a subunit from
adenylyl cyclase and binding to the β,
and γ subunits, resulting in the inactive
form {382,383}.

Mutations
MAS, polyostotic fibrous dysplasia
(PFD), monostotic fibrous dysplasia
(MFD), and solitary pituitary adenoma
(PA) have the same causal genesis – a
ligand-independent, activating GNAS1
mutation in the a subunit of stimulatory
G protein (Gsα). Mutations are located
near the site which interacts with the γ-

Table 21.03
Mutations in the GNAS1 gene.

Fig. 21.08 (A) G protein composed of α , β, and γ
subunits. This is the inactive form. B) Ligand (L)
binding produces conformational change in
receptor (R) and guanosine diphosphate (GDP) is
replaced by guanosine triphosphate (GTP), result-
ing in dissociation of the α subunit. (C) Binding of
α subunit to adenylyl cyclase activates 3',5'-
cyclic adenosine monophosphate (cAMP) from
adenosine triphosphate (ATP). (D) Hydrolysis of
GTP to GDP by GTPase, causing dissociation of
the α subunit from adenylyl cyclase and binding
to the β and γ subunits, the inactive form. Ligand
binding causes repetition of the cycle {383}.

358 Congenital and inherited syndromes associated with bone and soft tissue tumours

Disorder Exon Nucleotide Change Amino Acid Substitution

From Cohen and Howell {383}

Polyostotic fibrous dysplasia 8 C --> T Arg201Cys

Panostotic fibrous dysplasia 8 C --> A Arg201Ser

McCune-Albright syndrome 8 C --> T Arg201Cys
8 G --> A Arg201His

Monostotic fibrous dysplasia 8 C --> T Arg201Cys
8 G --> A Arg201His

Solitary pituitary adenoma 8 C --> T Arg201Cys
8 G --> A Arg201His
8 C --> A Arg201Ser
9 A --> G Gln227Arg
9 G --> T Gln227His
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phosphate of GTP, thus interfering with
hydrolysis of GTP to GDP. Because Gsα
cannot dissociate from adenylyl cyclase
and bind to Gβγ, adenylyl cyclase
remains active, producing increased
cAMP activity which results in the
pathology of MAS, PFD, MFD, and PA
{382,383,1934,1936,1937,2230}. GNAS
mutations have also been recorded in
various solitary tumours {382}.
MAS, PFD, MFD, and PA occur sporadi-
cally. Mutations in the GNAS1 gene
occur postzygotically in a somatic cell.
Clinical manifestations are variable in
distribution and appearance. More gen-
eralized vs. more localized expression
depends on (a) how small or how large
the cell mass is during embryogenesis
when the mutation occurs, and (b)
where in the cell mass the mutation
occurs {382, 383}.
GNAS1 mutations for MAS, PFD, MFD,
and PA are of the gain-of-function type.
It should be carefully noted that GNAS1
mutations of the loss-of-function type
are found in endocrine disorders char-
acterized by hormone resistance, such
as type 1a pseudohypothyroidism, glu-
cocorticoid deficiency, and nephro-
genic diabetes insipidus {1934}.

Fig. 21.09 (A) Activating mutations (Arg201Cys or Arg201His) in the gene encoding the α subunit of stimu-
latory G protein (Gsα), causing inappropriate stimulation of adenylyl cyclase interfering with hydrolysis of
GTP by GTPase to GDP. The PKA pathway (protein kinase A or cAMP-dependent protein kinase pathway)
is shown on the right. The PKC pathway (protein kinase C pathway) is shown on the left. Because the α sub-
unit (Gsα) cannot dissociate from adenylyl cyclase, cAMP is overproduced which, in turn, overactivates the
PKA pathway. PKA is composed of two regulatory subunits (RS) that have binding sites for cAMP, and two
catalytic subunits (CS) that, when dissociated, phosphorylate serine/threonine kinases (STK). The dissoci-
ated βγ subunit overactivates the PKC pathway. PLC (phospholipase C) cleaves PIP2 (phosphatidylinositol
bisphosphate) into two intracellular messengers: DAG (diacylglycerol) and IP3 (inositol trisphosphate). The
latter triggers the release of sequestered calcium ions (Ca2+) which together with DAG activate PKC {383}.

359McCune-Albright syndrome

Fig. 21.10 How mutations cause McCune-Albright syndrome, polyostotic fibrous dysplasia, and monostotic
fibrous dysplasia depend on when during embryonic development or during postnatal life the mutation
occurs. Somatic mutation in a small cell mass is likely to result in McCune-Albright syndrome. Mutation in
a larger cell mass may result in polyostotic fibrous dysplasia. A mutation in postnatal life – during infancy,
childhood, or adult life – may result in monostotic fibrous dysplasia {383}.
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Definition
Multiple osteochondromas (MO) is an
autosomal dominant condition. It is
genetically heterogeneous and is caused
by mutations in one of the EXT genes.

OMIM numbers
According to the gene involved, the fol-
lowing OMIM numbers have been
assigned:
EXT1 133700
EXT2 133701
EXT3 600209
TRPS2 / Langer Giedion syndrome 150230
Potocki-Shaffer syndrome 601224

Synonyms
EXT, diaphyseal aclasis, (multiple hered-
itary) osteochondromatosis, multiple car-
tilaginous exostoses, hereditary multiple
exostoses.

Incidence
The solitary (sporadic) form of osteo-
chondroma is approximately 6 times

more common than the occurrence within
the context of MO. The incidence of MO
is approximately 1:50,000 persons within
the general population {1887}. Males are
more often affected (male: female ratio
1.5:1) {1236, 2265}, due in part to an
incomplete penetrance in females {1236}.
Approximately 62% of the patients with
multiple osteochondromas have a posi-
tive family history {1236}.

Diagnostic criteria
A diagnosis of multiple exostoses can be
made when radiologically at least two
osteochondromas of the juxta-epiphy-
seal region of long bones are observed
{1236}. MO is diagnosed in case of a
positive family history and/or a proven
germline mutation in one of the EXT
genes.

Clinical features 
Osteochondromas develop and increase
in size in the first decade of life, ceasing
to grow when the growth plates close at
puberty. They are pedunculated or ses-
sile (broad base) and can vary widely in
size. The majority are asymptomatic and
located in bones that develop from carti-
lage, especially the long bones of the
extremities, predominantly around the
knee. The number of osteochondromas
may vary significantly within and between
families. In addition, in the majority of MO
patients bone remodelling defects are
observed resulting in deformities of the
forearm (shortening of the ulna with se-
condary bowing of radius) (39-60%)
{1887, 1929}, inequality in limb length
(10-50%) {1887,1929}, varus or valgus
angulation of the knee (8-33%) {1887,
1929}, deformity of the ankle (2-54%)
{1887, 1929} and disproportionate short
stature (37-44%) {1236, 2265}. It has long
been thought that these abnormalities
are the result of skeletal dysplasia,
although recent evidence indicates that
osteochondromas are neoplastic (see
chapter 10), and it has been suggested
that the growth retardation in MO may
result from the local effects of enlarging
osteochondromas {1717}. Moreover,

the severity of angular deformity was 
found to be correlated with the number of 
sessile osteochondromas {309}. 
The most important complication of MO
is malignant transformation of an osteo-
chondroma, which is estimated to occur
in 0.5-3% of MO patients {815, 1236,
1695, 1887, 2265}. The suspicion of se-
condary chondrosarcoma is indicated by
growth of the tumour after puberty, the
presence of pain, or a thickness over 1
cm of the cartilaginous cap in adults. The
size of the cartilaginous cap can be well
established with T2-weighted MR imag-
ing. There are no universally accepted
guidelines for surveillance of individuals
with MO so far. 
Other complications of the osteochon-
dromas include osseous and cosmetic
deformities, fracture, bursa formation,
arthritis (14%) {2265}) and impingement
on adjacent tendons, nerves (23%)
{2265}, vessels (11%) {2265} or spinal
cord (<1%) {2187, 2265}.

Bone and soft tissue tumours 
Hereditary osteochondromas and sec-
ondary peripheral chondrosarcomas
developing within the cartilaginous cap
of hereditary osteochondromas are
histopathologically similar to their spo-
radic counterparts. Morphologically two
types of osteochondroma can be recog-
nized: broad based sessile cases with
irregular cartilaginous linings and those
with a well defined cartilaginous cap.
Both may occur within and outside the
context of MO. Malignant transformation
of osteochondroma leads to a secondary
peripheral chondrosarcoma in 94% of
the cases {2276}. Very rare cases of
other sarcomas developing in osteo-
chondroma have been described, most
often in solitary cases of osteochon-
droma {56, 1214, 1576, 1902, 1968, 2181}
including osteosarcomas, and spindle
cell sarcomas {1214,1356}. These tu-
mours develop in the stalk of the osteo-
chondroma, in contrast to secondary
peripheral chondrosarcomas, which
develop in the cap of the pre-existing
osteochondroma. A few cases of MO

J.V.M.G. Bovée
P.C.W. HogendoornMultiple osteochondromas

Fig. 21.11 Multiple osteochondromas in a patient
with hereditary multiple osteochondromas.
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patients have been reported to develop
other sarcomas as well {239, 2139}.
These osteosarcomas and spindle cell
sarcomas (malignant fibrous histiocy-
tomas and fibrosarcomas) display an
indistinguishable phenotype from their
non osteochondroma-related counter-
parts. Even more rare is the occurrence
of "conventional" dedifferentiated periph-
eral chondrosarcoma, in which case the
osteochondroma gives rise to peripheral
low grade chondrosarcoma that in turn
"dedifferentiates" into a high grade sarco-
ma that may appear as fibrosarcoma,
malignant fibrous histiocytoma or
osteosarcoma {183}. No soft tissue neo-
plasms are described within the context
of MO. 

Genetics
MO is a genetically heterogeneous disor-
der for which two genes, EXT1 and EXT2
located respectively at 8q24 and 11p11-
p12, have been isolated {20, 395, 2031,
2310}. Additional linkage to chromosome
arm 19p has been found, suggesting the
existence of an EXT3 gene {1229}. Loss
of heterozygosity however is absent at
this locus {236, 924, 1760} and the gene
has never been identified. Three new
genes, EXTL1, EXTL2 and EXTL3 have
been identified based on their homology
with the EXT1 and EXT2 genes {2180,
2283,2309}. However, no association
with disease has been documented. 
Both EXT genes are involved in a con-
tiguous gene deletion syndrome.
Patients carrying a deletion of 8q24

demonstrate the Langer-Giedion syn-
drome (LGS or trichorhinophalangeal
syndrome type II (TRPS2; OMIM
150230), which is characterized by cran-
iofacial dysmorphism and mental retar-
dation in addition to multiple osteochon-
dromas {975,1297,1298,1491}. LGS is
due to loss of functional copies both of
the TRPS1 gene, encoding a zinc-finger
protein {1491}, and the EXT1 gene at
8q24 {975,1298}. Trichorhinophalangeal
syndrome type I (TRPS1) (OMIM 190350)
is similar to LGS although multiple osteo-
chondromas are absent. Patients carry-
ing a deletion of 11p11.2-p12 demon-
strate Potocki-Shaffer syndrome (proxi-
mal 11p deletion syndrome {2307},
DEFECT11, 11p11.2 contiguous gene
deletion syndrome). These patients
demonstrate enlarged parietal foramina,
multiple osteochondromas, and some-
times craniofacial dysostosis and mental
retardation {134,1721}. The syndrome is
caused by deletion of EXT2 and proba-
bly of ALX4; haploinsufficiency of the lat-
ter was shown to potentially cause
enlarged parietal foramina {134, 2303}. 

Gene structure
The EXT1 gene was identified by posi-
tional cloning {20}. The gene is com-
posed of 11 exons, and spans approxi-
mately 350 kb of genomic DNA {1296}.
The cDNA has a coding region of 2238
bp {20}. The promoter sequence is char-
acteristic of a housekeeping gene
{1296}. A mouse-homologue is found on
mouse chromosome 15 with a very high

level of sequence homology {1266,
1279}. Additional homologues have been
identified in Caenorhabditis elegans
{369} and Drosophila melanogaster
{156}.
The EXT2 gene was also identified by
positional cloning {2031,2310} and con-
tains 16 exons, two of which (1a and 1b)
are alternatively spliced {369}. The gene
spans approximately 108 kb of genomic
DNA {369}. The cDNA consists of
approximately 3 kb, defining a single
open reading frame of 2154 bp. The
mRNA demonstrates alternative splicing
{2031,2310}. A highly significant similari-
ty with the EXT1 gene product has been
found, especially in the carboxy terminal
region {2031,2310}. Homologues are
found on mouse chromosome 2 {369,
2032} and in Caenorhabditis elegans
{369}.

Gene expression
Both EXT1 and EXT2 mRNA is ubiqui-
tously expressed {20, 2031, 2310}. A
high level of expression of Ext1 and Ext2
mRNA has been found in developing
limb buds of mouse embryos {1265,
2032} and expression was demonstrated
to be confined to the proliferating and
prehypertrophic chondrocytes of the
growth plate {2030}. The gene products,
exostosin-1 (EXT1) and exostosin-2
(EXT2), are endoplasmic reticulum local-
ized type II transmembrane glycopro-
teins which form a Golgi-localized het-
ero-oligomeric complex that catalyzes
heparan sulphate (HS) polymerisation

361Multiple osteochondromas

Fig. 21.12 Genomic structure of the EXT1 and EXT2 genes. Fig. 21.13 706 Hypothesized function of EXT within
the normal early embryonic growth plate.
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{1267,1372,1373,1954}. Heparan sul-
phate proteoglycans (HSPG) are large
macromolecules composed of heparan
sulphate glycosaminoglycan chains
linked to a protein core. Four HSPG fam-
ilies have been identified: syndecan,
glypican, perlecan and isoforms of
CD44. HSPGs are required for high-affin-
ity binding of fibroblast growth factor to
its receptor {1275}. Furthermore, an
EXT1 homologue in Drosophila (tout-
velu, Ttv) has been shown to be required
for diffusion of an important segment

polarity protein called Hedgehog (Hh)
{156, 2107, 2126}, a homologue of mam-
malian Indian Hedgehog (IHh). It is
therefore hypothesized that EXT muta-
tions affect FGF and IHh signalling within
the normal growth plate. 

Mutations
The EXT1 gene was reported to show
linkage in 44%-66% of the MO families
{1235, 1761}, whereas EXT2 would be
involved in 27% {1235}. Germline muta-
tions of EXT1 and EXT2 in MO patients

have been studied extensively in
Caucasian as well as Asian popula-
tions {2306} (For overview see also: 
The human gene mutation database
Cardiff www.hgmd.org {1176}). In EXT1,
mutations are more or less randomly 
distributed over the first 6 exons, while
the last 5 exons, containing the con-
served carboxyterminal region, contain
significantly less mutations {2306}.
Similarly, in EXT2 most mutations are
found in the first exons. No mutational
hotspots are found {2306}. Appro-
ximately 80% of the mutations are 
either non-sense, frameshift, or splice-
site mutations leading to premature 
termination of EXT proteins {714,1656,
1761,1917,2308,2313}. The majority of
missense mutations also lead to defec-
tive EXT protein function {340}. 
Loss of the remaining wildtype allele 
has been demonstrated {238}, indica-
ting that the EXT genes act as tumour 
suppressor genes. The limited number 
of genotype-fenotype correlational stu-
dies performed so far provide no uniform
data {309,714}. The risk of malignant
transformation would be higher in pa-
tients carrying EXT1 mutations {714}.

Gene Chromosomal Associated Function: 
localization disease glycosyltransferase activity involved in

heparan sulphate (HS) biosynthesis:

Table 21.04
The EXT gene family.

EXT2 11p11-p12 {977,961} MO HS chain elongation {1267, 1372, 1954} 

EXT1 8q24 {907} MO HS chain elongation {1267, 1372, 1954}

EXTL1 1p36.1 {971} Unknown HS chain elongation {1108}

EXTL2 1p11-p12 {976} Unknown HS chain initiation {1127}

EXTL3 8p12-p22 {966} Unknown HS chain initiation and elongation {1108}
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Definition
Retinoblastoma (RB) is a malignant
tumour originating from the embryonic
neural retina. Familial retinoblastoma is
typically bilateral, caused by a germline
mutation in the RB1 tumour suppressor
gene and is often associated with the
development of second site primary
tumours, including osteosarcoma, fibro-
sarcoma, chondrosarcoma, Ewing sarco-
ma, pinealoblastoma, epithelial tumours,
leukaemia, lymphoma, mela-noma and
brain tumours.

OMIM number 180200 {1376}

Synonym
Retinoblastoma / osteogenic sarcoma
syndrome.

Incidence
Retinoblastoma, the most common
intraocular tumour of children, has a
worldwide incidence between 1/3500
and 1/25000 with no significant differ-
ences between the sexes or races {28,
147,511,1856}.

Diagnostic criteria
Presentation is a white, pink-white, or
yellow-white pupillary reflex termed
"leukocoria'' resulting from replacement
of the vitreous by tumour, or by a large
tumour growing in the macula {718}.
Another common symptom, strabismus
(exotropia or esotropia), can occur alone
or associated with leukocoria. Less 
frequent presenting signs include a red,
painful eye with secondary glaucoma,
low-vision orbital cellulitis, unilateral
mydriasis, and heterochromia {2346}.
The tumour can be difficult to differenti-
ate from a variety of simulating lesions
such as persistent hyperplastic primary
vitreous, retrolental fibroplasia, Coats
disease, Toxocara canis infection, retinal
dysplasia, or chronic retinal detach-
ment {582,976}. These can be distin-
guished using CT, MRI, ultrasonography
or fine-needle aspiration biopsy and a
careful history of the family and affected
child {582}. 

Clinical features
Retinoblastoma can be unifocal or multi-
focal. In bilateral cases, one eye is usu-
ally in a more advanced stage, while the
contralateral eye has one or more tumour
foci. The average age at diagnosis is 12
months for bilateral and 18 months for
unilateral cases, with 90 percent of the
cases diagnosed before the age of 3 {29,
1157,1860,2123}. Retinoblastoma can
be a part of the 13q-deletion syndrome in
association with moderate growth and
mental retardation, broad prominent
nasal bridge, short nose, ear and dental
abnormalities, and muscular hypotonia
{38,717}.
Trilateral retinoblastoma describes the
association between bilateral retinoblas-
toma and midline brain tumours, usually
in the pineal region {554}. Pineal tumours
resembling well differentiated retinoblas-
tomas are also called ectopic retinoblas-
toma. CT scanning and MRI have
reduced the misinterpretation of pineal
tumours as intracranial spread of
retinoblastoma {2346}. This is clinically

important since ectopic intracranial
retinoblastoma requires therapy to the
whole neuraxis as well as high-dose
equivalent radiotherapy to the primary
tumour.

Pathology of retinoblastoma
Retinoblastoma occurs as a mass
between the choroid and retina (exo-
phytic) or bulge from the retina toward
the vitreous (endophytic). Most ad-
vanced tumours show both patterns 
of growth. The tumour is histologi-
cally characterized by rosettes and
fleurettes, which are believed to rep-
resent maturated or differentiated neo-
plastic cells. Rosettes are spherical
structures (circular in section) of uni-
form cuboidal or short columnar cells
arranged about a small round lumen
(Flexner-Wintersteiner rosette) or with-
out any lumen (Homer-Right rosette).
The latter also appears in other neuro-
ectodermal tumours such as medul-
loblastoma. Fleurettes are arranged 
with short, thin stromal axes surroun-

W.K. Cavenee O. Bögler
T. Hadjistilianou I.F. Newsham

Retinoblastoma syndrome

Fig. 21.14 Genomic and protein domain organization of the 105kD retinoblastoma protein. Mutational
hotspots for frameshift and nonsense mutations are identified above individual exons. Examples of some of
the known cellular binding proteins and their region of interaction are depicted below the protein domains.
Sites of phosphorylation are also noted.
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ded by differentiated neoplastic cells
with their apical part facing the exter-
num.  Tumours can be necrotic, with sur-
viving cells around blood vessels, 
creating ``pseudo-rosettes.'' Calcified
foci and debris from nucleic acids can
be found in necrotic areas giving rise 
to basophilic vessel walls {29, 1860,
2123}.
Growth patterns and other histological
parameters are not useful for determin-
ing prognosis. The degree of differentia-
tion and number of mitoses show a weak
correlation. Stronger relationships exist
with invasion of the choroids, optic
nerves and sclera. Progressive invasion
of the eye coats, even in the horizontal
plane, is highly informative for determi-
ning prognosis {1157, 2123}.

Bone and soft tissue tumours
Second-site primary malignant tumours
refer to nonmetastatic tumours arising in
"disease-free'' patients treated for initial
disease. Tumours associated with
retinoblastoma include osteosarcoma,
fibrosarcoma, chondrosarcoma, epithe-
lial malignant tumours, Ewing sarcoma,
leukaemia, lymphoma, melanoma, brain
tumours, and pinealoblastoma {12, 502,
550, 1793, 1837}. These second tumours
are classified into five groups: (a)

tumours in the irradiated area, (b)
tumours outside and remote from the
irradiated area, (c) tumours in patients
not receiving radiotherapy, (d) tumours
unable to be determined as primary or
metastases, and (e) tumours in members
of retinoblastoma families who were free
of retinal tumours. Two important obser-
vations have emerged from analysing
these patients: (a) the great majority of
children in whom second neoplasms
develop have or will have bilateral
retinoblastoma, and (b) the incidence of
second neoplasms in this group was
similar whether they received radiation or
not. Osteogenic sarcomas are the most
frequent second site neoplasms in all the
published series {12, 336a, 502, 550,
1720a,1723a,1793,1837}. 

Genetics

Retinoblastoma has served as the proto-
typic example of a genetic predisposi-
tion to cancer. It is estimated that 60 per-
cent of cases are nonhereditary and uni-
lateral, 15 percent are hereditary and
unilateral, and 25 percent are hereditary
and bilateral. In the latter two types,
autosomal dominant inheritance with
nearly complete penetrance is observed.
Analysis of such cases by epidemiolo-
gical / cytogenetic {716,941,1145,2006,

2017, 2044}, molecular genetic {317,
318} and molecular biological {558, 969}
methods suggests as few as two
required stochastic mutational events in
the RB1 locus for tumour formation. The
first mutation can be inherited through
the germ line or somatically acquired,
whereas the second occurs somatically
in either case. RB1 locus inactivation is
also found in non-hereditary retinoblas-
toma {552}, osteogenic and other sarco-
mas occurring as second primary
tumours in retinoblastoma patients and
some primary sarcomas in the absence
of retinoblastoma involvement {724,
882}.

Gene structure and expression
The RB1 locus in chromosome band
13q14.1 {317, 716, 2006, 2044} encom-
passes 200 kb of genomic DNA organ-
ized into 27 exons {228, 744, 1233}. The
105 kD RB1 protein is ubiquitously
expressed in normal human and rodent
tissues, including brain, kidney, ovary,
spleen, liver, placenta, and retina. RB1 is
differentially phosphorylated {1234}, with
the unphosphorylated form predomi-
nantly found in the G1 stage of the cell
cycle, and an initial phosphorylation
occurring at the G1/S boundary {284,
482}. Viral proteins bind the p105RB pro-
tein {481, 564, 2262} using regions nec-
essary for their transforming function.
Over 100 intracellular pRB binding pro-
teins have also been identified including
E2F transcription factors, tumour sup-
pressor BRCA1 and the RB-like proteins
p107 and p130 {1508}. Complexing of
the two latter factors also oscillates in a
cell-cycle-dependent manner linking the
tumour-suppressing function of RB1 with
transcriptional regulation.

Mutations
Mutations that result in loss of RB1 func-
tion have been described for retinoblas-
toma patients and their tumours at the
DNA, RNA, and protein levels. RB1 alter-
ations have also been detected in a vari-
ety of clinically related second-site pri-
mary tumours including osteosarcoma,
as well as other non-secondary tumours
such as breast  and small-cell lung car-
cinoma. Detection of RB1 mutations pro-
vides for accurate prenatal risk assess-
ment {319, 970, 2267, 2318}.

Fig. 21.15 Regulation of the cell cycle through oscillating phosphorylation of the p105 retinoblastoma
protein.
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Definition
Rothmund-Thomson syndrome (RTS) is
a constellation of various skin abnormal-
ities, skeletal defects, juvenile cataracts,
premature ageing, and a predisposition
to osteosarcoma, skin cancer, and other
tumours. At least a subset of cases are
caused by inherited mutations in the
RECQL4 helicase gene. 

OMIM number 268400

Synonym
Poikiloderma congenitale.

Incidence
RTS is a rare, autosomal recessive dis-
order. The exact incidence is unknown,
but more than 250 cases have been
reported in the world literature from a
variety of ethnic backgrounds. A slight
male preponderance (M:F = 2:1) has
been reported {2212}.

Diagnostic criteria
Specific criteria for the diagnosis of RTS
have not been established. The diagno-
sis is based upon clinical findings, the
identification of RECQL4 in a subset of

cases, and laboratory tests that can
exclude some other, similar disorders.

Clinical features
The cardinal feature of RTS is a sun-sen-
sitive erythematous rash that typically
appears during the first 6 months. It
usually starts in the face and then
spreads to the buttocks and extremities.
With time, the rash enters a chronic
phase resulting in skin atrophy, telang-
iectasias, and marbleized mixed hyper-
and hypopigmentation (poikiloderma)
{1735, 2198, 2199, 2212}. Other fea-
tures associated with RTS include short
stature (~2/3 of the cases), premature
greying and loss of hair (50-65%),
sparse eyebrows/lashes (60-75%), juve-
nile cataracts (7-50%), photosensitivity
(35%), radial ray anomalies (>20%) and
other bony abnormalities, dystrophic
nails and teeth, hypogonadism, and
hypersensitivity to cytotoxic drugs and
radiotherapy {1735, 2198, 2199, 2212}.
RTS does not seem to be associated
with intellectual or immunological
impairment. There are no specific or
consistently identifiable laboratory fea-
tures in RTS. There have been several
reports of acquired, clonal somatic
mosaicism for chromosome abnormali-
ties, especially trisomies, isochromo-
somes, and translocations frequently
involving chromosome 8, often found in
fibroblast cultures {1269}. There is no
evidence of mismatch repair deficiency
in the form of tumour microsatellite
instability, as seen in tumours associat-
ed with the hereditary non-polyposis
colon cancer syndrome, due to
germline mutations in genes of the DNA
mismatch repair complex). Furthermore,
there is no increase in chromosomal sis-
ter-chromatid exchange rates (as seen

in Bloom syndrome), no excess of
bleomycin-induced chromosome break-
age (as seen in ataxia telangiectasia),
and no chromosomal radial formation
with mitomycin-C exposure (as seen in
Fanconi anaemia). Ultraviolet sensitivity
studies have yielded inconsistent
results.

Bone and soft tissue tumours
Osteosarcomas, involving any bone and
especially in non-common sites, have
been reported to occur in up to one third
of the patients, with a median age of
diagnosis at 11.5 years {2212}. Also
cutaneous malignancies, in particular
squamous cell carcinomas, have been
reported to be overrepresented in RTS
{1735, 2212}.

Genetics
At least a subset of the cases of RTS are
caused by mutations in the RECQL4
(also known as RECQ4) helicase gene
in chromosome band 8q24.3 {1128}.
Only a small number of patients has as
yet been investigated, with mutations
being detected in approximately 40% of
the cases {749}. The RECQL4 gene
has a predicted protein product of 
1208 amino acids. It is highly ex-
pressed in the thymus and testis with
low levels of intranuclear expression 
in multiple other tissues. RECQL4 mu-
tation analysis is available only in 
specialized centres. Mutations have
included frameshift mutations, non-
sense mutations, and deletions in-
cluding part of the consensus heli-
case domain. This gene is homologous
to the genes that cause Bloom syn-
drome and Werner syndrome, which
might explain some of the clinical over-
lap {749}.

N.M. LindorRothmund-Thomson syndrome
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Fig. 21.16 Osteosarcoma of the rib in a patient with
Rothmund-Thomson syndrome.
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Definition
Werner syndrome (WS) is a rare, autoso-
mal recessive genetic instability syn-
drome and is caused by mutations in the
WRN gene. Affected patients develop a
prematurely aged appearance in the
second and third decades of life, and are
at increased risk of developing both neo-
plastic and non-neoplastic diseases.
Tumours include soft tissue sarcomas,
thyroid carcinoma, malignant melanoma,
meningioma, haematological neoplasms,
and osteosarcoma. The most common
causes of death are cancer and athero-
sclerotic cardiovascular disease.

OMIM number 277700

Synonym
Progeria of the adult.

Incidence
WS patients have been identified world-
wide {819}. Estimates of the frequency or
prevalence of WS, obtained by case
counting and from consanguinity data,
range from 1/22,000 to 1/106 (reviewed in
{1883}). The frequency of WS in different
countries is strongly influenced by the
presence of founder mutations and the
frequency of consanguinity or inbreed-
ing. The range of frequency estimates
also undoubtedly reflects the variable
and delayed development of the WS clin-
ical phenotype {604, 819}, with conse-
quent underdiagnosis.

Clinical features and diagnostic criteria
The most consistent clinical findings
develop after age 10. These include bi-
lateral cataracts, dermatological patho-
logy resembling scleroderma, short
stature and premature greying and loss 
of scalp hair {604,819}. There may be
affected siblings as well as evidence 
of parental consanguinity (3rd cousin or
closer). Additional, less consistent find-
ings include diabetes mellitus, hypogo-
nadism, osteoporosis, soft tissue calcifi-
cation, premature atherosclerotic cardio-
vascular disease, high pitched, ‘squeeky’,
or hoarse voice and flat feet. 

A definite diagnosis can be established
on clinical grounds when all of the con-
sistent features and at least two addi-
tional findings are present. Additional
diagnostic aids include evidence of ele-
vated 24 hr urinary hyaluronic acid
secretion; loss of WRN protein from
fibroblasts or peripheral blood lympho-
cytes; and mutations in the WRN gene
on chromosome arm 8p. 

A clinical scoring system has been
devised to identify more reliably definite,
probable or possible WS patients.
Additional information on this scoring
system and the clinical diagnosis of 
WS can be found on the Internatio-
nal Registry of Werner Syndrome 
Web site:
www.pathology.washington.edu/
research/werner/registry/diagnostic.html

R.J. Monnat, Jr.Werner syndrome

Table 21.05
Histopathological spectrum of neoplasia in Werner syndrome.
A wide spectrum of neoplasms has been identified in Werner syndrome (WS) patients, who are clearly at
elevated risk of developing one or more of the neoplasms listed in the left column (‘frequent’). These neo-
plasms represent 71% of all neoplasms reported in WS patients. WS patients may be at elevated risk of
developing neoplasms listed in the right column, although the number of affected patients is too small in
most cases to firmly establish this suspicion. A total of 257 neoplasms were represented in this analysis
{820, 1494} (Y. Ishikawa, personal communication). The percentage of neoplasms from this analysis in each
column or tumour type is indicated in parentheses.

Soft tissue sarcomas (15.5% of cases)
malignant fibrous histiocytoma
leiomyosarcoma
fibrosarcoma
malignant schwannoma
synovial sarcoma
rhabdomyosarcoma

Thyroid carcinomas (14%)
follicular
papillary
anaplastic

Malignant melanoma (12.6%)
acral lentigenous melanoma
mucosal malignant melanoma

Meningioma (11.1%)
benign
multiple / malignant

Haematological (11.1%)
acute myelogenous 
leukaemias (M1-5)
erythroleukaemia (M6)
megakaryocytic leukaemia (M7)
myelofibrosis/myelodysplasia
aplastic anaemia

Osteosarcoma (6.3%)

Non-melanoma skin cancer (5.8%)

Hepatobiliary carcinomas (5.3%)
hepatocellular
cholangiocarcinoma
gallbladder

Genito-urinary (4.8%)
bladder carcinoma
uterine/ovarian carcinoma
renal cell carcinoma
prostate carcinoma
seminoma

Gastro-intestinal carcinoma (4.3%)
gastric
oesophagus
pancreas
colon

Breast carcinoma (3.9%)

Oro-pharyngeal carcinoma (2.4%) 

Frequent (71%) Less common (29%)
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Neoplastic disease spectrum 
WS patients are at increased risk of
developing both sarcomas and epithe-
lial neoplasms {820, 1494}. The elevat-
ed risk of neoplasia is selective, and
includes the following neoplasms in
order of decreasing frequency: soft tis-
sue sarcomas, thyroid carcinoma,
meningioma, malignant melanoma,
malignant or pre-neoplastic haemato-
logical disease and osteosarcoma.
Many other neoplasms, including com-
mon adult epithelial malignancies, have
been observed in WS patients.
However, it is not clear whether the risk
of developing these neoplasms is ele-
vated above population controls. This
histo-pathological spectrum of neo-
plasms overlaps with, though is distinct
from, that observed in patients with two
other RecQ helicase deficiency syn-
dromes, Bloom syndrome and
Rothmund-Thomson syndrome {1494}. 
Several features of neoplasia in WS
patients indicates that this human RecQ
helicase deficiency syndrome is a heri-
table cancer predisposition: patients
develop neoplasms at a comparatively
early age; often have unusual sites of
presentation (e.g., osteosarcoma of the
patella) or less common histopathologic
subtypes (e.g., follicular as opposed to
papillary thyroid carcinoma); and can
have multiple concurrent or sequential
neoplasms, e.g., thyroid carcinoma and
osteosarcoma. Estimates of the
increased risk of neoplasia in WS
patients range from 30-fold elevated
overall lifetime risk across all tumour
types to 1000-fold elevated risk for acral
lentigenous melanoma. 
Soft tissue sarcomas that have been
identified in WS patients include malig-
nant fibrous histiocytoma, malignant
peripheral nerve sheath tumour, fibro-
sarcoma, rhabdomyosarcoma, lipo-sar-
coma, and synovial sarcoma. Three his-
tological subtypes of thyroid carcinoma

have been reported in WS patients (fol-
licular, papillary and anaplastic), with a
predominance of the less common fol-
licular variant. There has been no
reported case of medullary thyroid car-
cinoma in a WS patient. The risk of
malignant melanoma is confined almost
exclusively to the relatively rare variants
that arise on the palms and soles (acral
lentigenous melanoma) or in mucosa 
of the nasal cavity or esophagus.
Melanoma risk is most clearly elevated
in Japanese WS patients {820}. 
The spectrum of haematological dis-
ease in WS includes acute myelogenous
leukaemia (M1-5), erythroleukaemia
(M6) and megakaryocytic leukaemia
(M7); atypical leukemia arising in the
context of myelodysplasia; and the pre-
malignant conditions myelodysplasia,
myelofibrosis, and aplastic anaemia.
The elevated risk of developing marrow-
associated pre-malignant or malignant
disease may be related to the progres-
sive accumulation of genetic damage in
bone marrow cell lineages {1509}.

Genetics
WS is an autosomal recessive disease:
no cases are known to have been
acquired or to have been caused by
other agents. WS constitutes, together
with Bloom syndrome and Rothmund-
Thomson syndrome, a group of inherit-
ed human genetic instability / cancer
predisposition syndromes that result
from loss of function of a human RecQ
helicase protein. 

Gene structure and expression
The WRN gene consists of 35 exons in a
165 kb region of chromosome region
8p11-12 {2331}. 
Two stable RNAs are encoded by the
WRN gene, and the shorter, of 5.8 kb, is
ubiquitously expressed at varying levels
in many cell types, tissues and organs
{2331}. The 162 kDa WRN protein is

readily detectable in cell lines and tis-
sue samples from normal individuals
and heterozygous carriers of single
mutant copies of the WRN gene by
Western blot analysis {1510}. No sys-
tematic study of the level of expression
of WRN protein as a function of cell type
or of development has as yet been pub-
lished. The WRN protein encodes both
DNA helicase and exonuclease activi-
ties {1931}, and is likely to play an
important physiologic role in homolo-
gous recombinational repair in human
somatic cells {1728}.

Mutations
WS is an autosomal recessive disease,
and thus patients have mutations in both
WRN alleles. Virtually all of the WRN
patient mutations thus far identified 
truncate the WRN open reading frame,
lead to protein reduction or loss from
patient cells and thus can be detected
by Western blot analysis {821,1510}.
Further mutation characterization can
be performed by a combination of muta-
tion-specific allele identification and / or
DNA sequencing. Mutation analysis can
be especially helpful in the diagnosis of
WS in young patients, where the diag-
nosis is suspected but the clinical phe-
notype may be incompletely developed.
A HUGO Locus-Specific WRN Muta-
tional Database summarizes patient
mutation data and mutation designa-
tions, polymorphism data, and re-
lated clinical data and cross-refere-
nces these to the primary literature
(www.patho logy.wash ington .edu/
r e s e a r c h / w e r n e r / w s _ w r n . h t m l )
{1511}. Additional information on WRN
mutation analysis for the purpose of
confirming a diagnosis of Werner 
syndrome can be obtained through 
the International Registry of Werner
Syndrome Web site (www.pathology.
washington.edu/research/werner/reg-
istry/diagnostic.html). 
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Soft Tissue Tumours

01.

00.01 Dr. J.M. Coindre
01.01–01.05B Dr. G.P. Nielsen
01.06 A,B Dr. F. Mertens
01.07–01.08 Dr. J. Fanburg-Smith
01.09–01.11B Dr. G.P. Nielsen
01.12A–01.14B Dr. R. Sciot
01.15–01.16B Dr. J.M. Meis-Kindblom
01.17A–01.18 Dr. L.G. Kindblom
01.19 A, B Dr. C.D.M. Fletcher
01.20 Dr. M.M. Miettinen
01.21A Dr. C.D.M. Fletcher
01.21B Dr. J. Fanburg-Smith
01.21C Dr. C.D.M. Fletcher
01.22 Dr. C.D.M. Fletcher
01.23–01.27 Dr. M.M. Miettinen
01.28 Dr. F. Mertens
01.29–01.31B Dr. A.P. Dei Tos
01.31C Dr. C.D.M. Fletcher
01.32A Dr. J.M. Coindre
01.32B Dr. A.P. Dei Tos
01.33 Dr. F. Mertens
01.34 Dr. A.G Nascimento
01.35A–01.36C Dr. A.P. Dei Tos
01.37- 01.42 Dr. C.R. Antonescu
01.43 Dr. F. Mertens
01.44 Dr. C.R. Antonescu
01.45–01.50B Dr. T. Mentzel

02.

02.01A–02.05A Dr. R.L. Kempson
Dept. of Pathology
Stanford University 
Medical Center
Stanford, CA, USA

02.05B Dr. J. Fanburg-Smith
02.06- 02.07B Dr. A.E. Rosenberg
02.08A Dr. J. Lamovec
02.08B Dr. C.D.M. Fletcher
02.09A–02.10B Dr. A.E. Rosenberg
02.11A Dr. J. Fanburg-Smith
02.11B Dr. A.G Nascimento
02.11 C, D Dr. M. Michal
02.12 Dr. J. Fanburg-Smith

02.13A–02.16B Dr. H. Hashimoto
02.17- 02.18A Dr. B.P. Rubin
02.18B–02.19A Dr. C.M. Coffin
02.19B–02.20A Dr. B.P. Rubin
02.20B–02.21 Dr. C.M. Coffin
02.22 A, B Dr. C.D.M. Fletcher
02.23 Dr. Dr. V.J. Ojeda

Dr. C.D.M. Fletcher
02.24 Dr. C.D.M. Fletcher
02.25A–02.27B Dr. J.X O’Connell
02.28 Dr. C.D.M. Fletcher
02.29 Dr. J.X O’Connell
02.30 A-C Dr. G. Farshid
02.31–02.34 Dr. M.M. Miettinen
02.35A–02.36C Dr. M.E. Mc Menamin
02.37A Dr. J. Fanburg-Smith
02.37B–02.39A Dr. G. Farshid
02.39B Dr. J. Fanburg-Smith
02.40A–02.41D Dr. C.D.M. Fletcher
02.42–02.43B Dr. W.B. Laskin
02.44 A, B Dr. C.D.M. Fletcher
02.45 A, B Dr. M. Michal
02.46A Dr. C.D.M. Fletcher
02.46B–02.46D Dr. C.M. Coffin
02.47–02.49 Dr. E. Montgomery
02.50A–02.51 Dr. L. Guillou
02.52A–02.53B Dr. C.D.M. Fletcher
02.53C Dr. J.R. Goldblum
02.53D Dr. C.D.M. Fletcher
02.54A Dr. A.G Nascimento
02.54 B-D Dr. J.R. Goldblum
02.55 Dr. J. Fanburg-Smith
02.56A Dr. A.G Nascimento
02.56 B, C Dr. J.R. Goldblum
02.57A–02.58A Dr. C.D.M. Fletcher
02.58B Dr. M.M. Miettinen
02.58C Dr. C.D.M. Fletcher
02.59- 02.62C Dr. L. Guillou
02.63A–02.63F Dr. C.D.M. Fletcher
02.64A–02.65C Dr. L. Guillou
02.66–02.68B Dr. C.M. Coffin
02.69A Dr. C.D.M. Fletcher
02.69B–02.70C Dr. C.M. Coffin
02.71–02.73B Dr. T. Mentzel
02.74–02.77B Dr. L.G. Kindblom
02.78A–02.81B Dr. C.M. Coffin
02.82 Dr. C.D.M. Fletcher
02.83 A-C Dr. C. Fisher
02.84–02.85F Dr. T. Mentzel
02.86A Dr. C.R. Antonescu
02.86 B-D Dr. T. Mentzel
02.87A–02.89A Dr. A.L. Folpe
02.89B Dr. J. Fanburg-Smith
02.90–02.94 Dr. J.M. Meis-Kindblom

03.

03.01 A,B Dr. A.L. Folpe
03.02A–03.03A Dr. N. de St. Aubain 

Somerhausen
03.03B Dr. A.L. Folpe
03.04 Dr. F. Mertens
03.05A–03.07B Dr. N. de St. Aubain 

Somerhausen
03.08 A,B Dr. A.L. Folpe
03.09 A,B Dr. J. Fanburg-Smith
03.10–03.12B Dr. J.M. Coindre
03.13A–03.20B Dr. A.G. Nascimento
03.21–03.28 Dr. C.D.M. Fletcher
03.29A–03.30B Dr. J.M. Coindre

04.

04.01–04.03B Dr. H. Hashimoto
04.04 Dr. C.D.M. Fletcher
04.05–04.08C Dr. H.L. Evans
04.09 Dr. C.D.M. Fletcher
04.10–04.11 Dr. Rubin Wang, 

Molecular Cytogenetics
Institute Cancer 
Research, UK

05.

05.01–05.04A Dr. C.D.M. Fletcher
05.04B Dr. C.R. Antonescu
05.05–05.06B Dr. A.L. Folpe
05.07A–05.10 Dr. M.E. Mc Menamin

06.

06.01A–06.06C Dr. S.B. Kapadia
06.07A–06.10B Dr. D.M. Parham
06.11 A,B Dr. C.D.M. Fletcher
06.12A–06.13 Dr. D.M. Parham
06.14 Dr. C.R. Antonescu
06.15–06.18B Dr. D.M. Parham
06.19 Dr. J.A. Bridge
06.20 Dr. F.G. Barr
06.21A–06.24A Dr. E. Montgomery
06.24B Dr. C. Fisher

07.

07.01 Dr. E. Calonje
07.02A Dr. C.D.M. Fletcher
07.02B–07.05C Dr. E. Calonje

07.06–07.08 Dr. J.F. Fetsch
07.09 A,B Dr. S.W. Weiss
07.10A–07.12C Dr. A. Beham
07.13 A,B Dr. C.D.M. Fletcher
07.13C–07.14C Dr. W.Y.W. Tsang
07.15–07.17C Dr. E. Calonje
07.18 Dr. B. Azadeh

Dept. of Pathology
Hamad General 
Hospital, Doha, Qatar 
Dr. C.D.M. Fletcher

07.19–07.21B Dr. B.P. Rubin
07.22–07.26A Dr. J. Lamovec
07.26B Dr. E. Calonje
07.26C–07.27A Dr. J. Lamovec
07.27B Dr. E. Calonje
07.28 Dr. C.D.M. Fletcher
07.29 A,B Dr. S.W. Weiss
07.30 Dr. J.A. Bridge
07.31 A,B Dr. S.W. Weiss
07.32 Dr. C.R. Antonescu
07.33A–07.35B Dr. S.W. Weiss
07.36  Dr. C.R. Antonescu

08.

08.01A Dr. J. Fanburg-Smith
08.01B–08.02A Dr. S. Nayler
08.02B–08.03B Dr. C.D.M. Fletcher
08.04–08.07A Dr. A.E. Rosenberg
08.07B Dr. J. Fanburg-Smith

09.

09.01–09.07C Dr. G.P. Nielsen
09.08–09.11C Dr. J.F. Fetsch
09.12 A-C Dr. S.W. Weiss
09.13A–09.15B Dr. J.K.C. Chan
09.16–09.19D Dr. J. Fanburg-Smith
09.20A–09.23 Dr. B.P. Rubin
09.24A Dr. S.E. Kilpatrick
09.24B Dr. C.D.M. Fletcher
09.25 A,B Dr. S.E. Kilpatrick
09.26A Dr. C.D.M. Fletcher
09.26B Dr. S.E. Kilpatrick
09.27A–09.28B Dr. C.D.M. Fletcher
09.29 A,B Dr. C.R. Antonescu
09.30A–09.33A Dr. C. Fisher
09.33B Dr. C.D.M. Fletcher
09.34 A,B Dr. C. Fisher
09.35 A,B Dr. C.R. Antonescu
09.36A Dr. C. Fisher
09.36B Dr. C.D.M. Fletcher
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09.37 Dr. F. Mertens
09.38 A,B Dr. A. Geurts van Kessel
09.39A–09.42B Dr. L. Guillou
09.43A–09.44C Dr. N.G. Ordonez
09.45 Dr. D.M. Parham
09.46 Dr. C. R. Antonescu
09.47–09.48B Dr. N.G. Ordonez
09.49 Dr. C.D.M. Fletcher
09.50A–09.50D Dr. R. Sciot
09.51 Dr. C. R. Antonescu
09.52 Dr. J.A. Bridge
09.53–09.57C Dr. D.R. Lucas
09.58 A,B Dr. S. Heim
09.59–09.67 Dr. C.R. Antonescu
09.68 Dr. T. Boyd, 

Dept of Pathology
Children's Hospital
Boston, MA, USA

09.69A–09.70 Dr. D. Parham
09.71A Dr. J. Fanburg-Smith
09.71B Dr. D.M. Parham
09.72 Dr. F. Mertens
09.73 A,B Dr. C.D.M. Fletcher
09.74A–09.75B Dr. A.L. Folpe
09.76–09.77 Dr. C.D.M. Fletcher
09.78A–09.81 Dr. B. Bode-

Lesniewska

Bone Tumours

B.01 Dr. H. Dorfman
B.02–B.04 Dr. R. Kotz
B.05 Dr. D. Vanel

10.

10.01–10.05B Dr. J. Khurana
10.06A Dr. J. A. Bridge
10.06B Dr. J.V.M.G. Bovee
10.07–10.16 Dr. D.R. Lucas
10.17–10.19B Dr. S.E. Kilpatrick
10.20 Dr. J.A. Bridge
10.21–10.26C Dr. M.L. Ostrowski
10.27 Dr. J.A. Bridge

10.28A–10.29B Dr. M.V. Miller
Dr. A. King

10.30–10.51B Dr. F. Bertoni
10.52 Dr. J.V.M.G. Bovee
10.53A–10.55B Dr. K.K. Unni
10.56A Dr. Y. Nakashima
10.56 B-D Dr. K.K. Unni
10.57 Dr. P.C.W. Hogendoorn
10.58 A,B Dr. K.K. Unni
10.59–10.62B Dr. Y. Nakashima
10.63–10.65B Dr. E.F. McCarthy

11.

11.01A–11.03D Dr. M.J. Klein
11.04A–11.08B Dr. A.J. Malcolm
11.09–11.25 Dr. A.K. Raymond
11.26 Dr. S. Knuutila
11.27–11.30 Dr. T. Matsuno
11.31–11.34B Dr. R.K. Kalil
11.35–11.38B Dr. C.Y. Inwards
11.39 Dr. M. Forest
11.40–11.48 Dr. K. K. Unni
11.49 Dr. S. Knuutila
11.50–11.54A Dr. A. Ayala
11.54B Dr. K. K. Unni
11.55–11.58B Dr. L. Wold

12.

12.01–12.02 Dr. K. K. Unni
12.03 Dr. H. Dorfman
12.04 Dr. L.B. Kahn

Dr. V. Vigorita
12.05 A,B Dr. H. Dorfman
12.05 C,D Dr. Sam Liu,

Manhattan, NY

13.

13.01–13.04B Dr. M. Kyriakos
13.05–13.10 Dr. G.C. Steiner
13.11 Dr. J.A.Martignetti

14.

14.01 A,B Dr. R. Machinami
14.02A–14.03 Dr. S. Ushigome
14.04A Dr. R. Machinami
14.04B Dr. S. Ushigome
14.05A Dr. F. Mertens
14.05B Dr. P. Sorensen

15.

15.01A–15.06C Dr. F.J. Martinez-Tello
15.07 Dr. K.K. Unni
15.08 A,B Dr. A. Hopkovitz, 

Dallas,
Texas, USA

15.09 A-C Dr. K. K. Unni
15.09D Dr. A. Hopkovitz, 

Dallas, Texas, USA
15.10 Dr. K. K. Unni

16.

16.01 Dr. R. Reid
16.02 Dr. K. K. Unni
16.03–16.05 Dr. R. Reid
16.06 Dr. R. Sciot
16.07 Dr. H. Dorfman

17.

17.01–17.03D Dr. J. Mirra
17.04 Dr. F. Mertens

18.

18.01A–18.04 Dr. C.P. Adler
18.05–18.08B Dr. K. K. Unni

19.

19.01–19.05B Dr. E.F. McCarthy
19.06–19.11B Dr. A.E. Rosenberg

19.12 Dr. Sam Dachs, Great 
Falls, Montana, USA

19.13A–19.14 Dr. K.K. Unni
19.15–19.18B Dr. P.C.W. Hogendoorn
19.19–19.21 Dr. N. Jambhekar

20.

20.01A–20.04 Dr. A.E. Rosenberg
20.05–20.07 Dr. R.K. Kalil
20.08–20.10 Dr. G. Siegal
20.11 A,B Dr. K. K. Unni
20.12 Dr. V. Vigorita
20.13–20.14 Dr. K. K. Unni
20.15–20.16B Dr. B.R. De Young
20.17–20.19 Dr. T.N. Vinh
20.20–20.22C Dr. E.F. McCarthy

Congenital and 
inherited tumour 
syndromes

21.

21.01–21.02B Dr. I. C. Talbot
Dept. of Pathology
St Mark's Hospital 
Academic Institute
Middlesex, UK

21.03 Dr. C.M. Coffin
21.04 Dr. M. Mannens
21.05 Committee on Bone 

Tumors, The Nether-
lands

21.06 Dr. P.C.W. Hogendoorn
21.07 Dr. G. Siegal
21.08–21.10 Dr. M.M. Cohen Jr.
21.11 Dr. P.C.W. Hogendoorn
21.12–21.13 Dr. J.V.M.G. Bovee
21.14–21.15 Dr. W.K. Cavenee
21.16 Dr. P.C.W. Hogendoorn
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Calcifying synovial sarcoma, 201

Cambium layer, 148

cAMP, 187, 212, 357, 358

Capillary haemangioma, 158, 161, 164,
320

Carney complex, 350

Carpal tunnel syndrome, 66

Cathepsin L, 268

Cavernous haemangioma, 156, 157,
177, 320, 356

CCND1, 134, 353

CCND3, 134

CD1a, 346, 347 

CD4, 347

CD15, 126, 308

CD20, 126, 148, 165, 304, 308
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CD30, 96, 126, 308

CD31, 77, 160, 162, 164, 165, 167, 168,
172, 174, 176, 191, 195, 224, 321, 323

CD34, 32, 34, 56, 67, 69, 72, 74, 76, 77,
78, 80, 85, 87, 89, 90, 95, 96, 99,
101, 105, 106, 115, 133, 137, 139,
160, 162, 164, 165, 167, 168, 172,
174, 176, 187, 190, 191, 193, 195,
202, 206, 220, 224, 245, 321, 323

CD38, 304

CD43, 126

CD45, 111, 113, 126, 346

CD57, 99, 212

CD68, 49, 51, 56, 96, 99, 102, 106, 111,
113, 117, 118, 121, 126, 142, 144,
195, 295

CD79a, 304

CD99, 70, 80, 85, 87, 89, 90, 95, 182,
195, 202, 220, 256, 267, 273, 299

CD117, 93, 133 (see also KIT)

CD138, 304

CD147, 209

CDK4, 37, 122, 134, 151, 268, 276, 281

CDKN1C, 149, 350, 354, 355

CDKN2A, 122, 134, 149, 251, 256, 257,
272, 296, 299, 300, 357

Cellular angiofibroma, 10, 47, 69, 71-74

Cellular myxoma, 186-188

Cementoblastoma, 262

Central chondroma, 237

Central osteogenic sarcoma, 264

Central osteosarcoma, 264, 275, 276

Cervix, 144

CHEK2, 350

Chest wall hamartoma, 226, 348, 354

Chicken wire calcification, 41, 241

Childhood fibrous tumour with 
psammoma bodies, 77

Chimeric protein, 26, 151, 195, 218, 
299, 300

CHN, 215

Chondroblastic osteosarcoma, 264, 266,
282, 283

Chondroblastoma, 226, 229, 230, 241-
242, 245, 257, 338, 348

Chondrodysplasia, 234, 239, 357

Chondroid chordoma, 315, 316

Chondroid lipoma, 10, 19, 30

Chondroma, 11, 179, 180, 226, 237-240,
249

Chondroma of soft parts, 180

Chondromyxoid fibroma, 226, 243-245

Chondrosarcoma, 11, 179, 181, 213,
214, 226, 227, 231, 238, 239, 240,
245-246, 247-251, 252, 253, 255,
256, 257, 282, 298, 315, 356, 357,
360, 361, 363, 364

Chondrosarcoma with additional 
mesenchymal component, 252

CHOP, 37, 42, 122

Chordoid sarcoma, 213

Chordoma, 226, 231, 315-317, 350

Chordoma, familial, 350

Chromosomal instability, 57, 353

Chronic myelogenous leukaemia, 308

Chronic osteomyelitis, 228, 289, 303

Classical osteosarcoma, 264

Clear cell, 221

Clear cell chondrosarcoma, 
231, 257-258

Clear cell myomelanocytic tumour 
of the falciform ligament / 
ligamentum teres, 221

Clear cell sarcoma of soft tissue, 
11, 211-212

Coats disease, 363

COL1A2, 26

Collagenous fibroma, 67

Collet-Sicard syndrome, 334

Composite haemangioendothelioma, 
11, 165, 168-169

Congenital fibrosarcoma, 98, 99

Congenital fibrosarcoma-like fibro-
matosis, 98

Congenital hypertrophy of the retinal
pigment epithelium, 352

Congenital mesoblastic nephroma, 
98, 99

Congenital muscular torticollis, 61

Congenital-infantile fibrosarcoma, 98

Consumption coagulopathy, 158, 163

Conventional osteosarcoma, 
264-266, 268, 269, 271-274, 
276-278, 281, 283-285

Cortical fibrous dysplasia, 343

Costello syndrome, 350

Cowden disease, 349, 350

Cranial fasciitis, 48, 49

CREBBP, 351

Curvilinear blood vessels, 104

Cyclin D1, 91

Cystic hygroma, 162

D

Dabska tumour, 167

DDIT3, 37, 42, 122

Dedifferentiated chondrosarcoma, 231,
240, 252-254, 358

Dedifferentiated giant cell tumour, 313

Dedifferentiated leiomyosarcomas, 132

Dedifferentiated liposarcoma, 10, 18,
36, 38-39, 43, 44, 46, 102, 120, 122,
125, 126, 215

Deep 'aggressive' angiomyxoma, 
189-190

Deep benign fibrous histiocytoma, 
114-115

Deep leiomyoma, 11, 130

DEFECT11, 361

Dermatofibrosarcoma, 100, 101, 109

Dermatomyositis, 91

Desmoid tumour, 67, 83, 84, 288, 350,
352, 354

Desmoid tumour of bone, 288

Desmoid-type fibromatosis, 13, 76, 
83-84, 92, 352

Desmoplastic fibroblastoma, 10, 47, 
66, 67

Desmoplastic fibroma, 226, 275, 280,
287, 288, 290

Desmoplastic fibrosarcoma of infancy,
98

Desmoplastic small round cell tumour,
11, 216-218

Diabetes, 75, 81, 347, 359, 366

Diaphyseal aclasis, 234, 360

Diaphyseal medullary stenosis with
malignant fibrous histiocytoma, 296

Diffuse type giant cell tumour, 
111, 112-113

Digital fibrous tumour of childhood, 64

DNA ploidy, 49, 177, 251

Dupuytren contracture, 81

Dupuytren disease, 81

Dysplasia Epiphysealis Hemimelica, 235

E

Ear creases, 354

EBV, see Epstein-Barr virus

E-cadherin, 353
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Ectomesenchymal chondromyxoid
tumour, 198

Ectopic hamartomatous thymoma, 11,
192-193

Elastofibroma, 10, 56-57

Elastofibroma dorsi, 56

EMA, see Epithelial membrane antigen

Embryonal rhabdomyosarcoma, 11, 12, 
146-150, 152, 350, 354

Embryonal sarcoma, 146

Embryonic lipoma, 26

EMG syndrome, 354

Enchondroma, 226, 229, 237, 238, 239,
245, 248, 249, 250, 357

Enchondromatosis, 237, 239, 240, 250,
350, 356-357

Endocrinopathies, 357

Eosinophilic granuloma, 345

Epidermoid cyst, 352

Epilepsy, 81

Epiphyseal chondromatous giant cell
tumour, 241

Epithelial membrane antigen, 30, 61, 67,
85, 87, 105, 106, 133, 142, 144,
145, 182, 191, 195, 199, 202, 206,
209, 214, 217, 219, 304, 317, 321,
323, 333

Epithelioid angiosarcoma, 160, 174,
176, 322

Epithelioid haemangioendothelioma, 
11, 155, 160, 168, 173-174, 319, 
322, 323

Epithelioid haemangioma, 11, 159, 160,
321

Epithelioid sarcoma, 11, 16, 205-207

Epstein-Barr virus, 13, 134

Erdheim-Chester disease, 226, 347

ERG, 299

Essential bone cyst, 340

ETS, 299, 300

ETV1, 299

ETV6, 99, 268

Ewing sarcoma, 13, 16, 182, 185, 218,
225-227, 228, 230, 231, 256, 273,
274, 287, 295, 297, 298-300, 334,
363, 364

EWS, 42, 195, 212, 215, 218, 299, 300

Exomphalos-Macroglossa-Gigantism 
syndrome, 354

Exostoses, 234, 235, 360

EXT, 236, 360, 361, 362

EXT1, 235, 236, 350, 360, 361, 362

EXT2, 236, 350, 360, 361, 362

EXT3, 360, 361

EXTL1, 361

EXTL2, 361

EXTL3, 361

Extra-abdominal fibromatoses, 83

Extra-adrenal myelolipoma, 10

Extramedullary plasmacytoma, 302

Extrapulmonary sugar tumour, 221

Extrarenal rhabdoid tumour, 206, 207,
219-220

Extraskeletal chondroma, 180, 181

Extraskeletal myxoid chondrosarcoma,
9, 11, 16, 30, 185, 179, 213-214,
215

Extraskeletal osteosarcoma, 11, 123,
124, 179, 182-183

Extrauterine lipoleiomyoma, 29

Eyelids, 79

F

Factor VIII, 77, 172

Factor XIIIa, 77, 99

Fallopian tube, 180

Familial adenomatous polyposis, 76,
350,
352-354

Familial expansile osteolysis, 350

Familial infiltrative fibromatosis, 352

Familial multiple polyposis, 352

Familial polyposis coli, 352

Fanconi anaemia, 365

Fetal rhabdomyoma, 143, 144

FGF2/FGFR1, 333

FGF3, 172

FGF4, 172

Fibroblastic osteosarcoma, 264, 266,
277, 287

Fibrochondroma, 180

Fibrolipomatosis, 24

Fibrolipomatous hamartoma, 19, 24

Fibroma of tendon sheath, 10, 66, 67

Fibromatosis colli, 10, 61-62

Fibronectin 1, 269

Fibroosseous pseudotumour of digits,
52

Fibrosarcoma, 10, 82, 98-101, 104-106,
137, 175, 226, 227, 231, 252, 266,
280, 289, 290, 296, 358, 361, 363,
364, 367

Fibrosarcoma, fibromyxoid type, 104

Fibrosarcoma of bone, 289

Fibrous dysplasia, 186, 187, 226, 228,
229, 265, 276, 278, 289, 338, 341-
342, 343, 350, 357, 358

Fibrous hamartoma of infancy, 
10, 58-59, 85

Fibrous xanthoma, 120, 125, 292, 294

Fibroxanthoma, 109, 292, 312

Fibroxanthosarcoma, 120, 294

FKHR, 151, 152

Flexner-Wintersteiner rosette, 363

FLF, 134

FLI1, 172, 174, 299, 300, 321

FN1, 269

FNCLCC system, 15

FOS, 268, 344, 357

FUS, 42, 195, 215

G

Ganglion cyst, 96, 188

Gardner fibroma, 10, 47, 75-76, 352

Gardner syndrome, 13, 76, 83, 98, 352,
353

GDP, 358

Genital leiomyoma, 11

Genital rhabdomyoma, 144

GFAP, 106, 142, 144, 145

Giant cell angioblastoma, 173

Giant cell angiofibroma, 10, 79, 87

Giant cell malignant pleomorphic fibrous 
histiocytoma, 123-124

Giant cell reparative granuloma, 338

Giant cell sarcoma, 123

Giant cell tumour, 10, 13, 96, 109-114,
118, 123, 124, 226, 241, 262, 289,
291, 292, 309, 310-312, 313, 338

Giant cell tumour of low malignant 
potential, 118

Giant cell tumour of soft tissue, 
10, 118-119, 123, 124

Giant cell tumour of tendon sheath, 
96, 109, 110-112

Giant marker chromosome, 37, 38, 46
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Giant osteoid osteoma, 262

Gigantism, 23, 161, 354

Glaucoma, 363

GLI, 37, 134, 151

Glomangioma, 136

Glomangiomatosis, 161

Glomangiomatosis, 136

Glomangiomyoma, 136

Glomus tumour, 11, 135, 136-137

Glomus tumours of uncertain malignant 
potential, 136, 137

Glycogen synthase 3ß, 353

GNAS1, 187, 188, 342, 350, 357, 358,
359

GPCR, 358

Granulation tissue, 49, 92, 267, 322

Granuloma multiplex haemorrhagicum,
170

Gsα, 187, 358

GTP, 358

Gynaecomastia, 68

H

H19, 149, 354, 355

Haemangioblastoma, 175

Haemangioendothelial sarcoma, 322

Haemangioendothelioma, 11, 155, 163,
164, 165, 167, 168, 173, 174, 175,
319, 322

Haemangioma, 11, 13, 156-158, 159,
161, 163, 164, 168, 176, 177, 229,
320, 321, 322, 356

Haemangioma with Kaposi sarcoma-like 
features, 163

Haemangiopericytoma, 9, 10, 47, 59,
60, 86, 88, 90, 98, 135, 138, 139

Haemangiopericytoma-like vessels, 
87, 90

Haemangiosarcoma, 175, 322

Haemorrhagic osteosarcoma, 271

Hand-Schuller-Christian disease, 345

Haploinsufficiency, 361

HAS2, 26

h-caldesmon, 95, 130, 132

Hedgehog, 144, 357, 362

Helicase, 365, 367

Hemihypertrophy, 354, 355

Hepatoblastoma, 352, 354

Hereditary chondrodysplasia, 234

Hereditary deforming osteochondro-
matosis, 234

Hereditary multiple exostoses, 234, 360

Hereditary osteochondromatosis, 234

Hernia, 68, 73, 189

Herringbone pattern, 98, 100, 182, 289,
296

HGF, 263

HHF-35, 61, 148

HHV8, see Human herpesvirus-8

Hibernoma, 10, 30, 33-34

High grade surface osteosarcoma, 
282, 284-285

Histiocytosis X, 345 (see also
Langerhans cell histiocytosis)

Histocytoid haemangioma, 320

HIV lipodystrophy, 23

HMB45, 36, 106, 129, 195, 211, 212, 
221, 222

HMGA1B, 22

HMGA2, 22, 93, 122, 190

HMGIC, 22, 37, 93, 107, 122, 190, 329

HMGIY, 22

Hobnail haemangioendothelioma, 
165, 167

Hodgkin lymphoma, 306-308

HRAS, 122

hSNF5, 220

HSP90B, 269

Human herpesvirus-8, 91, 163, 170

Hyalinizing spindle cell tumour with 
giant rosettes, 104

Hyperthyroidism, 357

Hypoglycemia, 89, 100, 354

I

Idiopathic multiple pigmented sarcoma
of the skin, 170

IGF2, 149, 350, 354, 355

IL-6, see Interleukin 6

Imprinting, 149, 354, 355

Inclusion body fibromatosis, 10, 64

Indolent myeloma, 302

Infantile digital fibroma, 64

Infantile digital fibromatosis, 64

Infantile fibromatosis, 26, 85, 98

Infantile fibrosarcoma, 10, 89, 98-100

Infantile haemangiopericytoma, 59, 60,
98, 135, 138, 139

Infantile lipoma, 26

Infantile myofibromatosis, 59, 89, 92, 98

Infiltrating angiolipoma, 28, 161

Inflammatory angiomatoid nodule, 159

Inflammatory fibrosarcoma, 91

Inflammatory liposarcoma, 35, 36

Inflammatory malignant fibrous histio-
cytoma, 125

Inflammatory myofibroblastic tumour, 
10, 36, 77, 91-93, 125

Inflammatory myofibrohistiocytic 
proliferation, 91

Inflammatory myxoid tumour of the soft
parts with bizarre giant cells, 96

Inflammatory pseudotumour, 91

INI1, 220

INT2, 172

Interleukin 6, 91

Intimal sarcoma, 131, 223-224

Intraabdominal desmoplastic small 
round cell tumour, 216

Intracortical lipoma, 328

Intramedullary lipoma, 328

Intramuscular angiolipoma, 156

Intramuscular angioma, 156, 157

Intramuscular haemangioma, 13, 28,
156

Intramuscular myxoma, 11, 186-187,
188, 341, 350

Intraneural lipoma, 24

Intra-osseous counterpart of soft tissue
fibromatosis, 288

Intravascular bronchioloalveolar tumour,
173

Intravascular fasciitis, 48, 49, 92

Ischaemic fasciitis, 10, 47, 55-56

Ivory exostosis, 353

J

Jansen metaphyseal chondrodysplasia,
357

Juvenile aponeurotic fibroma, 69

Juvenile bone cyst, 340

Juvenile fibrosarcoma, 98
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Juvenile hyaline fibromatosis, 10, 63-64

Juvenile nasopharyngeal angiofibroma,
352

Juxta-articular myxoma, 11, 188

Juxtacortical chondroblastic osteo-
sarcoma, 282

Juxtacortical chondroma, 239

Juxtacortical chondrosarcoma, 249, 282

Juxtacortical low grade osteosarcoma,
279

Juxtacortical osteosarcoma, 279, 284

K

Kaposi disease, 170

Kaposi sarcoma, 11, 13, 28, 158, 163,
170, 172, 175, 191, 303

Kaposi sarcoma, nodular, 172

Kaposi sarcoma, plaque, 172

Kaposiform haemangioendothelioma,
11, 163-164

Kaposi-like infantile haemangio-
endothelioma, 163

Kasabach-Merritt syndrome, 
158, 163, 164

KCNQ1, 355

KCNQ1OT1, 354, 355

Kempson-Campanacci lesion, 343

Keratin, 51, 61, 72, 118, 124, 133, 160,
182, 197, 206, 219, 299, 333, 344

Ki-67, 177, 183, 305

KIT, 93, 127

Klippel-Trenaunay, 175

KRAB, 204

KRAS2, 172, 177, 268

L

Laminin, 95, 177

Langer Giedion syndrome, 360

Langerhans cell granulomatosis, 345

Langerhans cell histiocytosis, 226, 230, 
345-346

Launois-Bensaude syndrome, 23

Ledderhose disease, 81

Leiomyoma, 11, 127, 128, 130, 226, 326

Leiomyoma of bone, 326

Leiomyosarcoma, 11, 12, 14, 18, 
120-124, 127, 131-134, 137, 
224, 226, 325, 327

Leiomyosarcoma of bone, 325, 327

Leptin, 20

Letterer-Siwe disease, 345 (see also
Langerhans cell histiocytosis)

Leukaemoid reaction, 125

Leukocoria, 363

Li-Fraumeni syndrome, 13, 269, 349, 350

Lipid granulomatosis, 347

Lipoblast, 30

Lipoblastoma, 10, 26-27

Lipoblastomatosis, 10, 26-27

Lipofibroma, 24

Lipofibromatosis, 10, 26, 85

Lipogranulomatosis, 347

Lipoma, 10, 13, 20-22, 24, 26, 
30, 31, 32, 33, 35, 36, 189, 
226, 328, 329

Lipoma arborescens, 20

Lipoma of bone, 328-329

Lipoma-like liposarcoma, 35, 330

Lipomas, familial multiple, 350

Lipomatosis, 10, 13, 19, 23, 24, 
25, 350

Lipomatosis of nerve, 10, 13, 19, 
24-25

Lipomatosis, symmetrical, 350

Lipomatous haemangiopericytoma, 
10, 69, 87, 90

Liposarcoma of bone, 330

Low grade central osteosarcoma, 
275-276

Low grade endometrial stromal 
sarcoma, 221

Low grade fibromyxoid sarcoma, 
10, 47, 104, 105

Low grade intraosseous-type 
osteosarcoma, 275

Low grade myofibroblastic sarcoma, 
10, 47, 94-95

Low-grade intramedullary osteo-
sarcoma, 275

LPP, 22, 329

Lymphangioleiomyomatosis, 221

Lymphangioma, 11, 162, 167, 168, 
172, 321

Lymphangiosarcoma, 175

Lysozyme, 121, 347

M

Macrodystrophia lipomatosa, 24

Macroglossia, 354

Madelung disease, 23

Maffucci syndrome, 175, 239, 240, 250,
350, 356

MAGE, 268

Male angiomyofibroblastoma-like
tumour, 73

Malignancy in giant cell tumour, 226,
313

Malignant angioendothelioma, 175

Malignant bone aneurysm, 271

Malignant endothelial papillary angio-
endothelioma, 167

Malignant epithelioid haemangioendo-
thelioma, 174

Malignant fibrous histiocytoma of bone,
294

Malignant fibrous histiocytoma, storiform
or fibroblastic type, 120

Malignant fibrous xanthoma, 120, 125,
294

Malignant giant cell tumour, 112, 114,
123, 272, 313

Malignant giant cell tumour of soft parts,
123

Malignant glomus tumour, 11, 136, 137

Malignant haemangioendothelioma, 175

Malignant histiocytoma, 294

Malignant lymphoma, 226, 231, 303, 
306-308

Malignant melanoma of soft parts, 211

Malignant mesenchymoma, 11, 44, 132,
185, 215

Malignant osteoclastoma, 123

Malignant rhabdomyoma, 146

Mammary-type myofibroblastoma, 47, 68

MASL1, 122

Mazabraud syndrome, 186, 187, 341,
350, 358

McCune-Albright syndrome, 187, 341,
342, 350, 357-359

MCT1, 209

MDM2, 36, 37, 39, 45, 46, 122, 134,
151, 177, 263, 268, 272, 276, 281

Median nerve lipoma, 24

Mediastinum, 26, 35, 37, 44, 46, 77, 79, 86,
88, 91, 136, 156, 162, 163, 196, 208
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Medullary fibromatosis of infancy, 98

Medullary osteosarcoma, 264

Melanin, 211

Melanocytic schwannoma, 350

MEN1, 34

Meningomyelocele, 98

Mesenchymal chondrosarcoma, 11, 89,
231, 255-256

Mesenchymal hamartoma of the chest
wall, 348

Mesenchymoma, 11, 44, 132, 185, 215,
348

Mesenteric fibromatoses, 83

MET, 263, 268

Metaphyseal aclasis, 234

Metaplastic bone formation, 25, 36, 118

Metastatic carcinoma, 295, 296, 303,
322, 325, 334, 335

Methylation, 147, 251, 354, 355

MFH, 9, 10, 12, 38, 47, 103, 109, 120-
126, 195, 294-296

Microphthalmia transcription factor, 212,
221, 222

Mixed tumour, 11, 185, 198-199

Mixed-type liposarcoma, 10, 46

Molluscum fibrosum, 63

Monomorphous round cell rhabdomyo-
sarcoma, 150

Monophasic synovial sarcoma, 89

Monostotic fibrous dysplasia, 358

Monotypic epithelioid angiomyolipoma,
221

Mott cells, 304

Multilocular haematic cyst, 338

Multinucleated giant cells, 32, 44, 102,
103, 116, 117, 118, 181, 211, 256,
262, 265, 272, 276, 295, 313, 333

Multiple chondromatosis, 226, 239

Multiple enchondromatosis, 239

Multiple myeloma, 302

Multiple osteochondromas, 234, 360-
362

Musculoaponeurotic fibromatosis, 83

MYCN, 151

Myeloma, 226, 230, 231, 247, 295, 298,
301-304

MyoD1, 148, 153, 209

Myoepithelioma, 11, 185, 198-199

Myofibroma, 10, 59-60, 128, 135, 138,
139

Myofibromatosis, 10, 59-61, 135, 139,
350

Myofibrosarcoma, 94

Myogenin, 148, 151, 153, 209

Myoglobin, 93, 142, 144, 145, 148, 153,
193, 220

Myolipoma, 10, 19, 29, 130

Myopericytoma, 11, 59, 88, 89, 128,
135, 138-139

Myosarcoma, 146

Myositis ossificans (MO), 52-53

Myxochondroma, 180

Myxofibrosarcoma, 14, 38, 45, 47, 102-
103, 105, 106, 121-122

Myxofibrosarcoma, 10, 102, 109

Myxoid angioblastomatosis, 173

Myxoid liposarcoma, 10, 13, 26, 30, 
40-43, 46, 215, 330

Myxoid malignant fibrous histiocytoma,
102, 105

Myxoinflammatory fibroblastic sarcoma,
47, 96-97

Myxoma, 11, 106, 186, 187, 188, 358

N

Naevus flammeus, 354

Nasal cavity, 86, 94, 367

NCI system, 15, 16

Neoplasms with perivascular epithelioid
cell differentiation, 221-222

Nephromegaly, 354

Neural fibrolipoma, 24

Neurilemmoma, 226, 325, 331

Neurinoma, 331

Neuroblastoma, 151, 229, 298, 334

Neurofibromatosis, 13, 137, 175, 331,
349

Neuron-specific enolase, 99, 148, 197,
209, 212, 214

NF1, 175, 350 (see also
Neurofibromatosis)

NF2, 350 (see also Neurofibromatosis)

Nodular angioblastic hyperplasia with
eosinophilia and lymphofolliculosis,
159

Nodular fasciitis, 10, 48-51, 53, 66, 92,
179

Nodular stage, Kaposi sarcoma, 172

Nodular tenosynovitis, 110

Non-ossifying fibroma, 230, 292, 293

Non-secretory myeloma, 302

NR4A3, 215

NTRK3, 99

Nuchal fibroma, 75

Nuchal-type fibroma, 10, 75-76

O

Obliterative phlebitis, 91

Ollier disease, 239, 240, 250, 251, 350,
356-357

Omental mesenteric myxoid hamartoma,
91

Omphalocele, 355

Onion-skin, periosteal reaction, 298

Osseus metastasis, 334

Ossifying fibromyxoid tumour, 
11, 196-197

Ossifying giant cell tumour, 262

Ossifying lipoma, 328

Osteochondroma-like lesion, 53

Osteoblastic sarcoma, 264

Osteoblastoma, 226, 229, 260, 
262-263, 265, 338

Osteocalcin, 54, 182, 267, 273

Osteochondroma, 
180, 226, 229, 234-236, 
245, 249-251, 265, 
279, 280, 289, 360-361

Osteochondromatous exostosis, 234

Osteochondrosarcoma, 264

Osteoclast-like cells, 110

Osteoclast-like giant cells, 
49, 53, 115, 219, 257, 277, 
292, 310, 311, 346, 348

Osteoclastoma, 118, 123, 310

Osteoclastoma of soft tissue, 118

Osteofibrosarcoma, 264

Osteofibrous dysplasia, 
325, 332, 333, 
334, 344

Osteofibrous dysplasia-like adaman-
tinoma, 332, 333, 334

Osteogenic sarcoma, 264, 363

Osteoid osteoma, 226, 231, 259, 
260-262

Osteonectin, 267, 273
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Osteosarcoma, 11, 54, 123, 124, 179,
182, 183, 197, 201, 225-228, 230,
231, 235, 240, 247, 252, 261-287,
295, 296, 298, 339, 358, 361, 
363-367

Osteosarcoma, not otherwise specified,
264

Osteosarcoma with small cells resem-
bling Ewing sarcoma, 273

P

PABPL1, 269

Paget disease, 118, 228, 259, 264, 265,
271, 277, 289, 294, 295, 306, 351

Paget sarcoma, 277

Palmar fibromatosis, 81

Papillary intralymphatic angioendothe-
lioma, 11, 165, 167

Parachordoma, 11, 198-199

Parathyroid hormone, 357

Parathyroid hormone-related protein,
357

Parosteal chondroma, 239

Parosteal lipoma, 20, 22, 328, 329

Parosteal osteosarcoma, 182, 235, 268,
276, 278, 279-281, 282, 284, 285

Pathologic fracture, 229, 320

PAX3, 151, 152

PAX7, 151, 152

PEComas, 221-222

Penile fibromatosis, 81

Perineural lipoma, 24

Periosteal chondroma, 226, 237, 239,
249

Periosteal chondrosarcoma, 247, 249,
251

Periosteal osteosarcoma, 282-283, 285

Peripheral neuroblastoma, 298

Peripheral neuroepithelioma, 298

Perivascular epithelioid cell tumour
(PECT), 221

Peyronie disease, 81

Photosensitivity, 365

Physaliphorous cells, 317

Pigmented sarcoma of the skin, 170

Pigmented villonodular synovitis, 96,
112, 188

Pigmented villonodular tenosynovitis,
112

PILA, see Papillary intralymphatic angio-
endothelioma

Pinealoblastoma, 363, 364

Pituitary adenoma, 357, 358

PLAG1, 26, 27

Plantar fibromatosis, 81, 82

Plaque stage, Kaposi sarcoma, 172

Plasma cell granuloma, 91

Plasma cell myeloma, 226, 302-305

Plasma cell pseudotumour, 91

Pleomorphic hyalinizing angiectatic
tumour, 185, 191

Pleomorphic lipoma, 10, 31, 32, 35

Pleomorphic liposarcoma, 10, 44-46,
215, 330

Pleomorphic malignant fibrous histio-
cytoma, 120-122

Pleomorphic rhabdomyosarcoma, 11,
153-154

Plexiform fibrohistiocytic tumour, 10, 14,
116-117

PNET, 11, 13, 201, 202, 274, 298, 299,
300

POEMS syndrome, 302, 303

Poikiloderma congenitale, 365

Polymorphous haemangioendothelioma,
173

Polyostotic fibrous dysplasia, 341, 342,
350, 357, 358

Polyphenotypic small round cell tumour,
216

Poorly differentiated synovial sarcoma,
201

Postradiation osteosarcoma, 277, 278

Postradiation sarcomas, 242, 277

Potassium channel, 355

Potocki-Shaffer syndrome, 360, 361

PPP1A, 34

Premature ageing, 365

PRIM1, 268

Primary non-Hodgkin lymphoma of
bone, 306, 307, 308

Primary synovial chondromatosis, 246

PRKAR1AK, 350

Progeria of the adult, 366

Proliferative fasciitis, 10, 50, 51, 56

Proliferative myositis, 10, 50, 51

Proteus syndrome, 351

Proximal-type epithelioid sarcoma, 206

PRUNE, 134

Pseudoalveolar spaces, 112

Pseudolipoblasts, 102

Pseudosarcomatous fasciitis, 48
Pseudotumour of infancy, 61

PTEN, 350

PTH/PTHrP, 251, 357

PTHR1, 350, 357

Pulmonary chondroid hamartoma, 22

Purely glandular monophasic synovial 
sarcoma, 201

R

Radiation induced sarcoma, 277

RANKL, 311

RB1, 13, 84, 122, 134, 269, 272, 281,
351, 357, 363, 364

RBP56, 215

RCC17, 209

RecQ helicase deficiency syndrome,
367

RECQ4, 365

Reed-Sternberg cell, 125, 308

Reed-Sternberg-like cells, 
93, 96

Reticulum cell sarcoma, 
194, 306

Retiform haemangioendothelioma, 
11, 165-166, 167, 168

Retinoblastoma, 13, 269, 271, 351, 
363-364

Retinoblastoma / osteogenic sarcoma
syndrome, 363

Retrolental fibroplasia, 363

Rhabdoid features, 206, 219

Rhabdoid predisposition syndrome, 
351

Rhabdoid tumour, 11, 219, 220, 351

Rhabdomyoblasts, 143, 144, 145, 
148, 153

Rhabdomyoma, 11, 142-145, 146

Rhabdomyosarcoma, 11, 12, 16, 120,
121, 122, 141, 143, 146, 147, 148,
149, 150, 151, 152, 153, 220, 252,
334, 352, 354, 367

Rhabdopoietic sarcoma, 146

Rhabdosarcoma, 146

Ring chromosome, 45, 103, 105, 122,
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Rothmund-Thomson syndrome, 351,
365, 367

Round cell liposarcoma, 40

Rubinstein-Taybi syndrome, 351

Russell bodies, 304

S

SAS, 37, 122, 134, 268, 276, 281

Schwannoma, 191, 244, 331

Sclerosing epithelioid fibrosarcoma, 
10, 47, 106-107

Sclerosing liposarcoma, 35, 38

Sclerosing osteosarcoma, 264

Secondaries in bone, 334

Secondary chondrosarcoma, 249, 250,
356, 360

Secondary osteosarcomas, 277-278

Simple bone cyst, 229, 230, 340

Skeletal deposits, 334, 335

Skip metastases, 264, 265

Small cell osteosarcoma, 273-274, 277

SMARCB1, 220, 351

Smith-Magenis syndrome, 134

Smoldering myeloma, 302

Soft tissue chondromas, 180-181

Soft tissue osteosarcoma, 124, 182

Solid glomus tumour, 136

Solitary bone cyst, 340

Solitary enchondroma, 237, 240, 356

Solitary fibrous tumour, 9, 10, 47, 79, 
86-89, 100, 101, 114, 115, 135

Solitary myofibroma, 59, 138

Solitary osteochondroma, 234, 249

Solitary plasmacytoma, 302

Spindle cell lipoma, 31-35, 38, 69

Spindle cell rhabdomyosarcoma, 
146, 147, 148

SS18, 203, 204

SSX1, 203

SSX2, 203, 204

SSX4, 203

SSXT, 203

Sternocleidomastoid tumour of infancy,
61

Subcutaneous angioblastic lymphoid
hyperplasia with eosinophilia, 159

Superficial fibromatoses, 10, 81-82, 84

Surface osteosarcoma, 282, 284, 285

Synaptophysin, 209, 212, 214, 220

Synovial chondromatosis, 226, 233, 246

Synovial chondrometaplasia, 246

Synovial haemangioma, 156

Synovial osteochondromatosis, 246

Synovial sarcoma, 11, 12, 16, 17, 
185, 200-204, 267, 367

SYT, 203

T

Tartrate resistant acid phosphatase, 
111

TCF12, 215

TEC, 215

TEL, 99

Telangiectatic osteosarcoma, 
271-272

Telomeric associations, 37, 122

Tenosynovial fibroma, 66

TFE3, 209

TGFBR2, 299

THBS1, 269

Thorium dioxide, 177

Thyroid carcinoma, 366, 367

TLS, 42, 195

TNFRSF11A, 350, 351

Toxocara canis, 363

TP53, 13, 37, 39, 43, 45, 46, 84, 
93, 106, 122, 134, 149, 172, 
177, 212, 220, 242, 252, 
256, 263, 269, 272, 278, 
334, 350, 357

Transcription factor, 151, 172, 
209, 212, 215, 221, 222, 
299, 353, 355, 364

Translin, 42

Trevor disease, 235

Trichorhinophalangeal syndrome type I,
361

Trilateral retinoblastoma, 363

TRKC, 99

Trombospondin 1, 269

TRPS1, 361

TRPS2, 360, 361

TSC2, 222

Tuberous sclerosis, 128, 142, 221, 222

Turcot syndrome, 352

Turner syndrome, 162

U

Undifferentiated pleomorphic sarcoma,
9, 101, 109, 120-126

Unicameral bone cyst, 340

Uniparental disomy, 354

V

Vascular hamartoma of infancy, 348

Vascular leiomyoma, 128

VEGF, 172

VEGFR-3, 167

Venous haemangioma, 157, 320

Vinyl chloride, 177

VPF, 172

W

Weibel-Palade bodies, 164, 174, 177,
321, 323

Well differentiated intramedullary
osteosarcoma, 275

Well differentiated liposarcoma, 19, 35-
38, 42, 44, 45, 46, 100, 215

Werner syndrome, 351, 365, 366-367

Wiedemann-Beckwith syndrome, 354

Wilms tumour, 91, 218, 355

Wnt signalling pathway, 353

Woven bone, 53, 118, 262, 263, 276,
333, 338, 343

WRN, 351, 366, 367

X

Xanthofibroma, 292

Xanthogranuloma, 292

Xanthoma cells, 125

Xanthomatous MFH, 125

Xanthosarcoma, 125, 294

Z

Z-bands, 142, 144, 148, 153

Zinc-finger gene, 355

ZSG, 299
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