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Preface

The cytological diagnosis of soft tissue tumours, based
on fine needle aspirates, has been debated and at times dis-
couraged except in the diagnosis of lipoma. Soft tissue
tumours are relatively rare in spite of the fact that more than
100 benign subtypes, over 50 variants of sarcoma and a
number of ‘border-line’ entities have been described.
Individual cytopathologists are thus not likely to encounter
many of the less common variants of soft tissue tumours
during their training and may only occasionally needle them
in their later practice. It has been strongly recommended
that the primary morphological diagnosis of malignant soft
tissue tumours as well as other investigations and treatment
should be performed at multidisciplinary centres. In prac-
tice, however, it is not possible to refer all patients with soft
tissue tumours to a musculoskeletal tumour centre for pri-
mary work-up. Tumours are usually considered to be suspi-
cious if they are large (>>5cm) or deep-seated (inter-or
intramuscular). This implies that the management of the
majority of soft tissue tumours is undertaken in general hos-
pitals.

The use of special diagnostic methods has led to greater
accuracy in histopathological diagnosis in this tumour group.
The use of ancillary methods is also, no doubt, necessary in
many cases when fine needle aspiration (FNA) and cytodi-
agnosis is used in primary diagnosis, making surgical biopsy
unnecessary. As has repeatedly been demonstrated in other
tumour entities, the use of FNA instead of surgical biopsy or

Preface

core needle biopsy offers a number of advantages when used
in the primary diagnosis of soft tissue tumours.

The purpose of this book is to facilitate the cytological
evaluation of FNA smears from soft tissue tumours and sug-
gest cytological criteria for a histotype diagnosis. The aim is
foremost to describe and illustrate the most common entities
and those rare tumours where cytological features have been
described in case-reports and in small series.

The diagnostic use of ancillary methods is also discussed
and illustrated.

The selection of entities which will be presented, their
diagnostic features and differential diagnostic considerations
are mainly based on the experience with FNA in the primary
diagnosis of soft tissue tumours in patients referred to the
Musculoskeletal Tumour Centre, University Hospital, Lund,
Sweden over a 25-year period. Cases from the soft tissue
tumour registry of the Scandinavian Sarcoma Group (a mul-
tidisciplinary association with members from all Nordic
countries) have also been used. The illustrations have been
culled from cases in the files of the Department of Pathology
and Cytology, Lund University Hospital, which now contains
smears from more than 3,000 soft tissue tumours needled
between 1972 and 2002.

Mdns Akerman
Henryk A. Domanski
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Chapter 1

Soft Tissue Tumours -
Basic Information

The incidence of soft tissue tumours is difficult to estimate,
especially the ratio of benign to malignant. Benign lesions are
usually estimated to be approximately 100 times more fre-
quent than sarcomas. Sarcomas are relatively rare, constituting
about 1% of all malignant tumours. In Sweden, the annual
incidence of sarcomas of the locomotor system has been esti-
mated to be 1.4/100,000. Age-specific incidence rates clearly
demonstrate that soft tissue sarcomas of the locomotor system
become more common with increasing age; in one study their
incidence was 8.0/100,000 for patients 80 years or older.

Generally soft tissue sarcoma is more common in males
but gender as well as age-related incidence depends on the
histogenetic type.

Soft tissue tumours are usually classified histogenetically
and within each group they are divided into benign lesions,
sarcomas and intermediate or borderline tumours.

In this atlas, we use the classification proposed by
Kempson et al. [ 1] and Weiss and Goldblum [2], respectively.

Since knowledge of the histotype of a sarcoma alone is not
always sufficient to predict clinical course and choice of ther-
apy, a number of grading systems, based on a variety of
parameters, have been suggested and debated. The most fre-
quent parameters used are cellularity, differentiation, cellular
and nuclear pleomorphism, mitotic rate, necrosis and vascu-
lar invasion. The number of grades varies; two, three and four
grades have been proposed. However, the histotype in itself
may indicate tumour grade. For example, the extraskeletal
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Ewing’s sarcoma (ES)/primitive neuroectodermal tumour
(PNET) family of tumours, rhabdomyosarcoma and pleo-
morphic liposarcoma are all high-grade malignant, while
well-differentiated liposarcoma, paucicellular myxoid
liposarcoma, infantile fibrosarcoma and dermatofibro-
sarcoma protuberans are low grade. Provided that a FNA
smear from a sarcoma is technically satisfactory and moder-
ately cellular it is possible to grade most sarcomas into low-
grade or high-grade categories.

The diagnostic workup of a soft tissue tumour before sur-
gery includes site, type diagnosis and location in relation to
the surrounding tissues, especially major nerves and vessels.
Magnetic resonance imaging is usually best for this evalua-
tion. For patients with sarcomas lung radiographs and some-
times computed tomography scans are obtained; it is
important to determine whether metastatic disease is present
in order to plan management.

In an attempt to predict outcome, to determine appropriate
treatment and to make comparisons between the results of dif-
ferent centres, several staging systems have been proposed.
However, there is no general conscnsus as to which one to use.
Two which are commonly used are the American AJCC/UICC
system (American Joint Committee/International Union
Against Cancer) which is based on depth, grade and size, and
the French FNCLCC system (French Federation of Cancer
Centers) based on the same factors but with a more detailed
definition of malignancy grade.



Chapter 2

Fine Needle Aspiration of
Soft Tissue Tumours

Surgical Biopsy, Core Needle Biopsy or Fine
Needle Aspiration in the Primary Diagnosis

In the majority of musculoskeletal tumour centres the
definitive diagnosis of soft tissue tumours, especially sus-
pected sarcomas, 1s based on the histopathological evaluation
of a biopsy sample or a core needle biopsy with an outer
diameter of 1.2—-1.4 mm.

Although FNA with needles having an outer diameter of
0.4-0.8mm has been a universally accepted diagnostic
method in the definitive diagnosis of various tumour entities
for many years, objections have been raised to FNA in the
primary diagnosis of soft tissue tumours. The main objection
has been the postulated inability to aspirate tumour material
sufficient for reliable histotype diagnosis with a thin needle.
Due to the numerous subtypes and morphological hetero-
geneity among specific entities, soft tissue tumours have
been considered to pose some of the greatest diagnostic chal-
lenges in surgical pathology and routine light microscopy is
often not sufficient for a diagnostic evaluation. Additional
diagnostic methods such as histochemistry, immunohisto-
chemistry, electron microscopy (EM), DNA ploidy analysis
and chromosomal analysis and molecular genetics often have
to be applied to reach a reliable diagnosis.

However, articles and book chapters on soft tissue
tumours as a target for FNA began to appear at the beginning
of the 1980s. The first case series published were often small
and the diagnostic workup was not critically investigated.

In spite of a negative attitude to FNA among surgeons,
oncologists and pathologists, it has been shown that the same
advantages which have made FNA a first-choice diagnostic
approach in breast tumours, thyroid tumours, salivary gland
tumours or malignant lymphomas are also applicable in the
diagnostic workup of a soft tissue tumour.

FNA of a suspected soft tissue tumour is an outpatient pro-
cedure. No anesthesia is necessary. One exception is the
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needling of soft tissue masses in children in whom a brief gen-
eral anaesthesia may be needed. An evaluation of the aspirate
within 10-15 min after needling is possible with a rapid haema-
toxylin-eosin (HE) or Diff-Quik stain. The adequacy of the
material can thus be checked while the patient is waiting, and a
preliminary diagnosis is sometimes possible. The purpose of a
preliminary evaluation is 2-fold: it might give important infor-
mation on the type of ancillary diagnostics that should be used
and the surgeon can inform the patient and suggest further
investigations or treatment at his‘her first visit. Since the diag-
nosis and treatment of soft tissue sarcomas should preferably be
centralized to multidisciplinary tumour centres, it 1S important
as regards referred patients that the necessary information is
obtained rapidly and the number of visits are as few as possi-
ble. Experience from the Musculoskeletal Tumour Centre at the
University Hospital of Lund has shown that for patients
referred to the centre for tumours suspicious of malignancy one
visit was usually sufficient when the tumour proved to be
benign at the combined evaluation of clinical examination,
FNA diagnosis and radiographic examination, if any [3].

Core needle biopsy is also an outpatient procedure, but
a preliminary diagnosis is less feasible than with FNA. FNA
also permits sampling of different parts of large tumours to
evaluate tumour heterogeneity, providing important informa-
tion in, for example, lipomatous tumours.

A novel diagnostic approach, recently tested at our centre, is
a combination of FNA and core needle biopsy in selected
patients referred for FNA. The FNA as well as the core needle
biopsy is performed by the cytologist at the same visit. This
approach combines the advantages of both sampling methods:
sampling from different parts of large tumours, a rapid prelim-
inary report, the possibility to evaluate the tissue architecture in
the core biopsy (often difficult in an FNA smear) (fig. 1a, b).
In addition material sufficient for various ancillary methods
such as immunohistochemistry, EM and cytogenetic/molecular
genetic analyses [4] is obtained with greater certainty.



Fig. 1. The combined evaluation of FNA
aspirates and core needle biopsy specimens
may be necessary for a specific type-diagnosis
of a soft tissue tumour. a FNA smear of an
elastofibroma. Two fragments of elastic fibres
are seen in the partly myxoid background
(arrows). This material is not sufficient for a
confident diagnosis. MGG. Medium magnifi-
cation. b Core needle biopsy performed at the
same session. The serrated degenerate elastic
fibres can be easily seen. Masson'’s trichrome.
Medium magnification.

Diagnostic Accuracy of Fine Needle Aspiration but the case series have been small and the number of
Biopsy sarcomas evaluated often few [5-8]. Only a few large series
from multidisplinary centres have been published. In a

Several reports of diagnostic accuracy (i.e. differentiation  retrospective 20-year study of 517 tumours, 315 benign and
of benign vs. malignant process) have been published. 202 sarcoma cases of the extremities and trunk from the
Accuracy has been greater than 90% in most publications  Musculoskeletal Tumour Centre, University Hospital of

Fine Needle Aspiration of 3
Soft Tissue Tumours



Lund, there were 28 false diagnoses (5%), 14 false-negative
and 14 false-positive. In 29 cases (6%) the material was
insufficient for diagnosis (24/315 benign tumours and 5/202
sarcomas). An inconclusive diagnosis (uncertain whether
benign or malignant) was given in 13 tumours (3%) while
a correct diagnosis of benign tumour versus sarcoma was
given for 447/475 tumours (94%) [9]. In this material the
cytological malignancy grade (low/high) was assessed
in 127/202 sarcomas and was correct in 103 (81%) and
inconclusive in 24 (19%) [9].

In another study from the Musculoskeletal Tumour Centre
at the Karolinska Hospital, Stockholm, comprising 342
tumours, the figures for accuracy were very similar [10].

Pitfalls in the Fine Needle Aspiration of Soft
Tissue Tumours

There are three important limitations to FNA in the
diagnosis of soft tissue tumours [11-12].

(1) The needle may miss the tumour and a false diagnosis
is made on the basis of cells aspirated from the tissue
surrounding it. Reactive cellular changes in the adipose tis-
sue may mimick liposarcoma and pseudomalignant reactive
changes in fibroblasts and myofibroblasts may suggest
a pleomorphic sarcoma. This diagnostic difficulty most often
occurs when small, deep-seated, inter- or intramuscular
tumours are needled. Tt is important that the person perform-
ing the aspiration has enough experience to be able to evalu-
ate whether the material obtained might be consistent with
the tumour in question (age, history, site, size, and palpatory
findings). It is recommended that small, deep-seated tumours
be needled with ultrasound guidance.

(2) Tnsufficient or technically suboptimal material may
result in a false diagnosis or preclude any diagnosis at all.
The temptation of making a diagnosis on quantitatively or
qualitatively insufficient material must be resisted. It is
a fact that some tumours are difficult to diagnose by FNA.
Vascular tumours most often yield predominantly blood and
very few cells and in various tumours rich in dilated vessels
the aspirates may be very bloody but contain very few
tumour cells. Another difficulty is to obtain a sufficient
number of cells from tumours with an abundant collagenous
or hyalinized background matrix. Extensive necrosis, cystic
degeneration or haemorrhage can also make diagnostic
aspiration very difficult. In general, however, with adequate
sampling, it is possible to obtain sufficient material for
diagnosis.

(3) Misinterpretation of the material is, however, the
main cause of false diagnoses. There are a number of
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well-documented diagnostic difficulties, which shall be dis-
cussed in the following chapters. Besides misinterpretation
of the material there is yet another cause for a false diagno-
sis. In the case of rare tumours or so-called ‘new entities’,
cytological criteria which permit accurate evaluation may
not have been established. Comparative histological-
cytological studies of reasonably large series are often lack-
ing. Examples of rare tumours and new entities, hitherto
difficult to diagnose correctly as benign or malignant, as
well as to type, are chondroid lipoma, perineurioma, aggres-
sive angiomyxoma, solitary fibrous tumour of soft tissue,
mixed tumour of soft tissue, parachordoma and spindle cell
liposarcoma.

Complications of Fine Needle Aspiration of
Soft Tissue Tumours

[n our experience of FNA of more than 25 years in the
primary diagnosis of soft tissue tumours in patients referred
to our Musculoskeletal Tumour Centre we have never expe-
rienced any severe complication. Patients have, at most,
complained of tenderness and, in cases of subcutaneous
tumours, of hacmorrhage. We have not seen a singlc case of
infection and never experienced clinical signs of sarcoma
cell seeding in the needle track. It is to be remembered that
FNA is the least tissue-destructive invasive diagnostic
method.

Fine Needle Aspiration Cytology Procedure

Practical Considerations

The aspiration technique is the same as for other targets
for FNA. We have found that a syringe holder which allows
aspiration with one hand is essential for success. Needles
wider than 22 gauge (0.7 mm) are very rarely necessary. The
length of the needle depends on the site of the tumour. For
deep-seated tumours, needles with a stylet are recom-
mended. The stylet strengthens the needle and prevents cells
from surrounding tissues from being included in the smears.
Thorough palpation and estimation of size, site and consis-
tency of the tumour is cssential. Since the surgeon often may
want to determine the point of insertion of the needle, close
communication with the surgeon is mandatory. If the
surgeon does not indicate the insertion point, the tumour is
needled through the vertex. In case of suspected sarcoma the
insertion point can, at the request of the surgeon, be tattoed
so that the needle track can be removed at surgery (fig. 2).
Our policy is to perform at most 5 FNA passes, all through



Fig. 2. A subcutaneous sarcoma removed
with the overlying skin. The insertion point is
marked by the tattoo (arrow).

the same insertion point. Due to tumour tissue heterogeneity,
especially in large tumours, it is important to sample tissue
from different parts of the tumour.

The microscopic evaluation should be based on both wet-
fixed [HE or Papanicolaou (Pap)] and air-dried [May-
Griinwald-Giemsa (MGG) or Diff-Quik] smears.

The wet-fixed material is superior for evaluation of nuclear
details such as chromatin structure and nucleoli while the
MGG staining gives excellent information on cytoplasmic
details and the background matrix.

Cytodiagnosis

One common objection to FNA in the primary diagnosis
of soft tissue tumours is the supposed inability to correctly
and reliably diagnose the numerous different histotypes in
smears. However, the necessary diagnostic level for a soft
tissue tumour is determined by the primary treatment envis-
aged in the individual case. First of all the surgeon must
know whether the tumour in question is a true soft tissue
lesion/tumour or a soft tissue metastasis or a primary soft
tissue lymphoma. In case of sarcoma the standard treatment
in the majority of cases is primary radical surgery, sometimes
followed by radiotherapy. The type of surgical intervention
depends more on the site (subcutaneous or deep), size and
the relation of the sarcoma to vessels, nerve bundles and
periosteum than on the histotype. Thus a reliable diagnosis of
sarcoma is sufficient for the surgeon in those cases where
primary radical surgery is the proposed treatment.

Finc Necdlc Aspiration of
Soft Tissue Tumours

When the treatment includes neoadjuvant therapy (radio-
therapy or chemotherapy) followed by surgery, the FNA
diagnosis must equal that of a histopathological evaluation
as regards histotype and malignancy grade.

At present neoadjuvant therapy is used for rhabdomyosar-
coma, neuroblastoma, the extraskeletal Ewing/PNET family
of tumours and in some centres selected cases of solt tissue
sarcomas.

On the other hand, in case of a benign soft tissue tumour
or reactive soft tissue lesion the surgeon often wants to know
the histotype in order to inform the patient of the two treat-
ment options: observation/follow-up or local excision.
Observation may be suggested in the pseudosarcomatous
soft tissue lesions, especially nodular fasciitis and pseudo-
malignant myositis ossificans, and in case of lipoma or
neurilemoma and desmoid fibromatosis. A shelling out of
the tumour is sufficient treatment for most benign soft tissue
tumours except desmoid fibromatosis, which requires more
extensive margins due to its infiltrative growth.

Classification of the Cytodiagnosis

Standardized reporting is an advantage both to the surgeon
and to the cytopathologist. At our Musculoskeletal Tumour
Centre we have for many years used four main diagnoses:
benign, sarcoma, other malignancy or inconclusive.
Inconclusive means either that the material is insufficent for



diagnosis (poor yield, necrosis, cystic degeneration or techni-
cally unsatisfactory) or that it is not possible to reliably decide
whether a malignant tumour is a true soft tissue sarcoma or
not, or whether a soft tissue tumour is benign or malignant.
In our experience the term ‘inconclusive diagnosis’ is better
than various expressions of uncertainty [57].

The main diagnoses benign or sarcoma are, if possible,
supplemented with a suggested histotype diagnosis and in
case of sarcoma, malignancy grade (low or high).

Cytological criteria for specific histotype diagnoses have
been evaluated in comparative studies of series of FNA smears
and histopathological sections from well-defined histotypes,
and cytological criteria for a specific-type diagnosis have been
suggested and published in a number of tumour types, benign
as well as sarcoma (table 1). The cytological findings in many
uncommon tumours and ‘new’ entities are mainly described in
case reports and reliable diagnostic criteria are at present lack-
ing. However, it is possible to give a confident diagnosis of
benignity or malignancy in most of these cases.

In order to faciliate the diagnostic workup of a soft tissue
tumour FNA sample, smears may be classified according
to the principal microscopic pattern. Although there is a
certain overlap between patterns, such a categorization may
be useful in the endeavour to reach a confident diagnosis of
benignity or malignancy, to suggest a type-specific diag-
nosis as well as in the recognition of important differential
diagnoses. This approach is recommended in particular to
cytopathologists working in a general institution not related
to a specialized orthopaedic oncology unit as a basis for
appropriate referral to such a unit.

In chapter 4 we propose a classification of this type of
FNA samples from soft tissue tumours.

The Final Evaluation of a Soft Tissue Tumour
Aspirate

Experience has taught us that the diagnosis and treatment
should be based on the combined evaluation of clinical data,
radiographic investigations and cytodiagnosis, the same
concept of triple diagnosis that has been the consensus for
breast lesions for many years (clinical data, mammography and
cytodiagnosis) [57, 58]. The optimal workup is to discuss this
combined information for each patient in a multidisciplinary
team of a musculoskeletal tumour centre. The team decides
whether available data, including the cytodiagnosis, are suf-
ficient for definitive treatment. Generally an inconclusive cyto-
diagnosis or a cytodiagnosis not consistent with clinical or
radiographic data leads to a repeat aspiration or a core or
open biopsy. If mutilating surgery is considered a biopsy is

6 Fine Needle Aspiration of
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Table 1. Benign soft tissue tumours/lesions and sarcomas

References

Tumour/lesion

Nodular fasciitis 13
Proliferative myositis and fasciitis 14
Pseudomalignant myositis ossificans 15
Lipomatous tumours, benign 16-19
Neurilemoma 20-22
Granular cell tumour 23
Intramuscular myxoma 24
Angioleiomyoma 25
Sarcoma

MFH 26, 27
Myxofibrosarcoma 28,29
Leiomyosarcoma 30
Liposarcoma 16, 17,31, 32
MPNST 33,34
Synovial sarcoma 35-38
Rhabdomyosarcoma 3944
Neuroblastoma 45, 46
Angiosarcoma 47-49
Alveolar soft part sarcoma 50, 51
Clear cell sarcoma 52
Dermatofibrosarcoma protuberans 53,54
Epithelioid sarcoma 55, 56

Suggested diagnostic criteria for a specific diagnosis based on
comparative histological and cytological studies.

performed unless the cytodiagnosis is as certain as a histo-
pathological evaluation. In the re-evaluation of our 20-year
material about 5% of the sarcoma cases underwent open biopsy
and in 1 out of 202 sarcomas the triple diagnosis failed [9].

Ancillary Diagnostic Methods Supplementing
the Cytodiagnosis

The use of special diagnostic methods is often necessary
to correctly assess a soft tissue tumour. The same methods
used in histopathology arc applicablc to FNA aspirates.

In spite of the widespread use of immunohistochemistry
in the diagnosis of soft tissue tumours the value of immuno-
cytochemistry (IC) as a diagnostic aid has not yet been
evaluated in large series. Published case reports and our own
experience have, however, indicated that IC is a valuable
asset in the differential diagnosis between pleomorphic sar-
coma and soft tissue metastases from anaplastic carcinoma
or melanoma, and between pleomorphic sarcoma and the
primary soft tissue presentation of anaplastic large cell
lymphoma (ALCL). We have also found 1C helpful in the
differential diagnosis of various spindle cell tumours such as



c, vaa ‘
- 2 FNA 02 FNA & -02

Fig. 3. The combined evaluation of routinely stainced smears and
immunohistochemical staining of a cell block ‘microbiopsy’ is often
sufficient for a specific type-diagnosis. a Cytology slide and the
cell block ‘microbiopsy’. b In this particular case a suspected GIST
metastasis was needled. The routinely stained smear shows part of a
spindle cell sarcoma. HE. High magnification. ¢ Positive staining
with CDI 17, section from the cell block.

Table 2. Uscful antibodics in the diagnosis

of soft tissue sarcoma and other malignancies Tumour

Antibody'

Muscle-specific actin Leiomyosarcoma ~80-90% +
Rhabdomyosarcoma ~90%+

Smooth muscle actin (SMA) Leiomyosarcoma ~90%+

Desmin Leiomyosarcoma ~70-75%+
Rhabdomyosarcoma ~90-95%+
DSRCT ~90%-+
Extrarenal malignant rhabdoid tumour (some)

Caldesmon Leiomyosarcoma

Myoglobin Rhabdomyosarcoma ~40%+

MyoD1 Rhabdomyosarcoma >90%+

S-100 protein MPNST ~40-50%+
Round cell liposarcoma ~60-70%+
Clear cell sarcoma ~80%+
EMC ~20-40%+
Synovial sarcoma ~30%+

Fine Needle Aspiration of 7
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Table 2 (continucd)

Tumour

CD34

CD31
CD9%%

Neuron-specific enolase (NSE)

Chromogranin
Synaptophysin

Cytokeratin

EMA

CDI117 (c-kit)
Antibody?
Cytokeratin
EMA

CD30

CD3, CD79a, CDIO, Tdt

CD45, CD3, CD20
Alkl

CD138
MPO
HMB45, Melan A

Dermatofibrosarcoma protuberans ~90-95%+
Malignant haemangiopericytoma ~50%+
Epithelioid sarcoma ~50%+

Angiosarcoma ~60-80% +

GIST ~80%+

Angiosarcoma ~90%-+

ES/PNET ~>95%+

Synovial sarcoma ~60%+

Alveolar rhabdomyosarcoma (some)

Solitary fibrous tumour

Neuroblastoma

PNET

DSRCT

Neuroblastoma (often in undifferentiated tumours)
PNET

Neuroblastoma (often in undifterentiated tumours)
PNET

Synovial sarcoma ~50- 90%+

Epithelioid sarcoma ~90%+

Angiosarcoma (epithelioid angiosarcoma often +)
Leiomyosarcoma ~30%+

DSRCT >90%+

Extrarenal malignant rhabdoid tumour

Synovial sarcoma ~50-95%+

Epithelioid sarcoma

Epithelioid angiosarcoma

GIST (almost all)

Carcinoma

Carcinoma

Anaplastic large cell lymphoma
Hodgkin’s lymphoma

Anaplastic large cell lymphoma
Lymphoblastic lymphoma
Non-Hodgkin’s lymphoma in general
Anaplastic large cell lymphoma

Plasmacytoma
Granulocytic sarcoma (myelosarcoma)
Malignant melanoma

Useful in the diagnosis of soft tissue sarcoma.

2 Useful in the differential diagnosis of other malignancies.

neurilemoma, leiomyosarcoma, solitary fibrous tumour and
occasionally in the type diagnosis of synovial sarcoma. [C is an
important diagnostic asset in the specific diagnosis of angiosar-
coma and small round cell sarcomas.

We have found IC on cell block preparations from aspi-
rates more reliable than on cytocentrifuge preparations.

8 Fine Needle Aspiration of
Soft Tissue Tumours

All antibodies used in soft tissue tumour diagnosis are
suitable for formalin-fixed and paraffin-embedded tissue
and well suited for the small tissue of successful cell block
preparations (fig. 3a—c) (table 2).

The diagnostic value of EM is still significant in spite
of the vast use of immunostaining. EM in the diagnostic



Fig. 4. FNA sample processed for EM.
a The microbiopsy from which the cells to be
examined are chosen. b Electron micrograph
of the prepared specimen. In this case a con-
ventional ES. The abundant cytoplasmic
glycogen is easily seen.

evaluation of FNA aspirates has been thoroughly investi-
gated [60, 61]. We and others have found EM especially
valuable in the classification of small round cell sarcomas
(fig. 4a, b), in the differential diagnosis of various spindle
cell tumours and in seclected soft tissue tumours which
exhibit specific ultrastructural features such as preme-
lanosomes in clear cell sarcoma or Weibel-Palade bodies in
vascular tumours.

Fine Needle Aspiration of
Soft Tissuc Tumours

Flow-cytometric as well as image-cytometric DNA ploidy
analyses (FCM and ICM, respectively) have been performed on
several series of soft tissue sarcomas, mixed histotypes as well
as specific entities. Although an unequivocal non-diploid cell
population strongly favours a high-grade sarcoma (fig. 5),
DNA ploidy analysis has proved to be of limited value in the
diagnosis and prognostication of soft tissue sarcoma. A number
of high-grade sarcomas may display a diploid cell population.
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Fig. 5. Image cytometry of a high-grade malignant soft tissue
sarcoma. Aneuploid cell population.
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Fig. 6. FNA of a myxoid liposarcoma processed for karyotyping.
The typical translocation t(12;16) is marked.

Fig. 7. a FISH prepared from an air-
dricd unstained smear of a tumour of the ES/
PNET family. b RT-PCR of the same case.
| = Patient; 2 = negative control; 3 = posi- b

FISH with cosmids
3'and 5' of the
EWS gene

| RT-PCR demonstrating
type | EWS/FLIT
| fusion transcript

tive control; 4 = blank.

FCM as well as ICM can be performed on fine needle
aspirates. One advantage with TCM is that previously stained
aspirates may be destained, restained with Feulgen and
analyzed. We have found DNA ploidy analysis of limited
diagnostic value in the evaluation of a soft tissue tumour aspi-
rate in the differential diagnosis of benignity and malignancy.

10 Fine Needle Aspiration of
Soft Tissue Tumours

An unequivocal non-diploid cell population indicates
sarcoma and furthermore a high-grade sarcoma [45] while
a diploid or tetraploid histogram is of no diagnostic value.
A disadvantage with FCM is that false diploid histograms
may occur [62, 63]. Through comparative FCM and ICM
analyses on the same tissue specimen it has become evident



Table 3. Chromosomal abcrrations in soft

tissue sarcoma Sarcoma Chromosomal Genes Performed on
aberration involved FNA (Ref. No.)
ES/PNET 1(11;22)(q24;q12) FLII-EWS 64, 66
Alveolar rhabdomyosarcoma 1(2;13)(q35;q14) PAX3-FKHR 67
DSRCT 1((11;22)(p13;q12) WTI-EWS 127
Synovial sarcoma t(X;18)(pll.2;q11.2)  SSX/-SYT 65
SSX'-S¥YT
Clear cell sarcoma 1(12;22)(q13;q12) AFTI-EWS
EMC 1(9;22)(q22;q12) TEC-EWS 68

that diploid or inconclusive FCM histograms in tissue
specimens as well as in aspirates should be supplemented
with [CM to avoid false results.

Cytogenetic analysis has emerged as a promising diag-
nostic adjunct in soft tissue tumour diagnosis. Karyotyping,
fluorescent in situ hybridization (FISH) and molecular
genetic analysis can be performed on FNA from muscu-
loskeletal tumours [64—68] (fig. 6). FISH or reverse

Fine Needle Aspiration of
Soft Tissuc Tumours

transcriptase-polymerase chain reaction (RT-PCR; when the
genes involved in a diagnostic chromosomal aberration, most
often a translocation, are known) are easier to perform on
FNA, because the number of cells necessary for these analyses
are far less than for conventional karyotyping, and dividing
cells are not necessary (fig. 7). The hitherto known diagnostic
chromosomal aberrations are listed in table 3.
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Chapter 3

The Cytology of Benign,
Pseudomalignant Reactive Changes
in Fibrous Tissue, Adipose Tissue and
Striated Muscle in Fine Needle
Aspiration Samples

One reason for a false-positive diagnosis of sarcoma in a
soft tissue tumour aspirate is the misinterpretation of benign,
reactive cellular changes in benign conditions.

Fibrous Tissue

Normal fibroblasts/myofibroblasts appear in FNA sam-
ples as spindle-shaped cells with slender cytoplasm, often

Fig.8. Normal fibroblasts in an FNA biopsy.
A run of loosely cohesive cells with ovoid,
uniform nuclei, regular chromatin and bipolar
cytoplasm. MGG. Medium magnification.

12 The Cytology of Benign, Psecudomalignant
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with elongated cytoplasmic processes. The nuclei are
rounded, ovoid or fusiform with regular chromatin and small
nucleoli, if any. The cclls are secn cither as dissociated or in
small clusters or runs of loosely attached cells. Stripped
nuclei are not uncommon (fig. 8).

Reactive fibroblasts/myofibroblasts show, irrespective of
cause, a wide variation in size and shape. The cells become poly-
hedral or triangular, often with rather abundant cytoplasm. They
may show angulated cytoplasmic extensions or cytoplasmic



Fig. 9. Example of reactive fibroblast/myofi-
broblast. a Larger than normal fibroblasts with
more abundant cytoplasm with angulated
extensions and large nuclei with prominent
nucleoli. b A multinucleated, ganglioncell-like
reactive fibroblast. MGG. High magnification.

processes. The nuclei vary in size and shape (rounded, ovoid,
spindle-shaped) and nucleoli may be large and prominent.
Binucleated cells are not uncommon (fig. 9a, b).

Typical examples of the pleomorphic appearance of reac-
tive fibroblasts/myofibroblasts are seen in the pseudomalig-
nant, benign soft tissue lesions, especially in nodular fasciitis
and proliferative myositis.

The Cytology of Benign, Pscudomalignant
Reactive Changes in Fibrous Tissue,
Adipose Tissue and Striated Muscle in FNA

Adipose Tissue

Normal adipose tissue is seen as small fragments or clus-
ters of large cells with abundant univacuolated cytoplasm
and small, dark, regular nuclei. A discrete network of thin
capillaries is often observed. Dissociated adipocytes are
uncommon.
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Fig. 10. Ccliular changes in adipose tissuc.
a Partly myxoid background and different-
sized adipocytes. b Increased cellularity due
to the presence of fibroblasts and histiocytcs.
a. b MGG. Medium magnification.

In reactive states, posttraumatic, inflammatory or in adipose
tissue bordering various tumours, the adipose tissue may
exhibit a myxoid-like background, the capillary network is
more pronounced, the adipocytes vary in size and the fat frag-
ments appear more cellular than normal due to the presence of
fibroblasts and histiocytes (fig. 10a, b). Histiocytes with foamy
or vacuolated cytoplasm appear between the fat fragments.

14 The Cytology of Benign, Pscudomalignant
Reactive Changes in Fibrous Tissue,
Adipose Tissue and Striated Muscle in FNA
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Striated Muscle

Normal striated muscle in FNA samples is seen as frag-
ments of muscle fibres with small dark nuclei and a more or
less evident striation. The fibres are densely eosinophilic in
HE and dark blue in MGG. Regenerating muscle fibres
appear in FNA samples as multinucleated cells of varying



Fig. 11. Examples of regenerating striated
muscle fibres. a Typical ‘muscle giant cells’
with rows of nuclei and dark blue cytoplasm.
MGG. High magnification. b The cytopiasm
is eosinophilic in HE. High magnification.

size and shape. They are rounded, polyhedral, strap-shaped or
tadpole-like. The cytoplasm is densely eosinophilic in HE and
dark blue in MGG. The multiple nuclei are moderately large,

The Cytology of Benign, Pseudomalignant
Reactive Changes in Fibrous Tissue,
Adipose Tissue and Striated Muscle in FNA
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uniform in size and often harbour a prominent nucleolus. The
nuclei are typically arranged in rows, eccentrically located

(fig. 1 la—c).
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Fig. 11c. A uninuclear, tadpole-like regener-
ating striated muscle fibre. MGG. High mag- .

nification.

Table 4. A summary of benign ‘pseudomalignant changes’ in aspirated material from fibrous and adipose tissue and striated muscle

Tissue

Cellular changes

Lesions

Fibroblasts/myofibroblasts

Adipose tissue

Striated muscle

Variation in size, variation in shape; elongated.
triangular, polygonal, plump with cytoplasmic
extensions; variable nuclear shape and size;
binucleation; prominent nucleoli

Increased vascularity; increased cellularity
(fibroblasts, endothelial cells, histiocytes);
multivacuolated cytoplasm in adipocytes; uni- or
multinucleated histocytes between fat fragments
(lipophages)

Multi- or uninucleated regenerating muscle fibres
(‘muscle giant cells’); occasionally presence of
tadpole-like regenerating muscle fibres; prominent;
nucleoli; dense eosinophilic (HE) or dark blue
(MGQ) cytoplasm

Benign pseudosarcomatous soft tissue lesions
Posttraumatic states

Status after fat necrosis
Posttraumatic states

Adipose tissue surrounding various
non-adipose tumours

Aspirates from tumours/lesions infiltrating
striated muscle

Examples: intramuscular lipoma, intramuscular
myxoma, desmoid, fibromatosis colli

Regenerating muscle fibres are mainly found within FNA
samples from tumours infiltrating striated muscle. Typical

examples are infantile fibromatosis colli and desmoid fibro-  table 4.
matosis.
16 The Cytology of Benign, Pscudomalignant

Reactive Changes in Fibrous Tissue,
Adipose Tissue and Striated Muscle in FNA

A summary of the reactive cytological changes in fibrous
tissue, adipose tissue and striated muscle is presented in
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The Cytological Features of Soft
Tissue Tumours in Fine Needle
Aspiration Smears Classified
According to Histotype

Adipocytic Tumours

Adipocyfic tumours are the most common sofl tissue
rumours due to the common subcutaneous lipoma. Further-
more liposarcoma is one of the most frequent soft tissue sar-
comas. The diagnosis of adipocytic tumours by FNA is
predominantly based on the examination of routinely stained
smears, as is the case with the histopathological diagnosis.
IC is a useful adjunct in some of the lipoma variants.
Cytogenctic analysis, however, is gaining imporance as a
diagnosrc asset in the evaluation, and most probably FISEH
analysis of FNA smears will be of value in the type-specific
diagnosis of lipomalous (umours in the (ulare. Relatively
type-specific chromosomal aberrations in adipocytic tumours
are listed in table 6.

Subcutaneous lipoma is a coromon target for FNA, intra-
muscular lipoma is relatively common while lipoma variants
such as angiolipoma, spindle cell and pleomorphic lipoma,
hibernomia, and lipoblastoma are infrequently needled.
Chondroid lipoma as wel) as mvelolipoma are, due to their
rarity, only occasionally the farger for FNA.

Benign Adipocytic Tumours

Subcutaneous Lipoma

The proximal extremities and the trunk are the most
common sites. Size is variable but seldom exceeds 10cm.
Subcutaneous lipoma is uncommon in children but does occur.

Histopathology

Subcutaneous lipomas have a lobular pattern and are com-
posed of marure far cells, which vary slightly in shape and
size. The nuclei are small and uniform. The microscopic
appearance is very much like that of normal subcutaneous fat.

The Cytological Features of Sofi Tissue
Tumours in Fine Needle Aspiration Smears
Classilied According 1o Histoiype

Subcutaneous lipoynas are well vascularized.

Fibrous connective tissue is occasionally admixed with
the lipoma tissue, in which case the lesion is classified as
fibrolipoma. Subcutaneous lipoma may also be partly myxoid
(myxolipoma) or exhibit cartilaginous metaplasia (chon-
drolipoma).

Secondary changes such as focal fat uecrosis may also
occur with the presence of clusters or strands of macrophages
with foamy or vacuolated cytoplasm (lipophages).

Cytological features of subcutaneous lipoma (fig. 12a, b)
Adipose tissue fragments of variable size
Few dissociated adipocytes
Fragments composed of large univacuolated mature
adipocytes with eccentric small dark. uniform nuclei
Capillary strands present in the adipose tissue fragments
Differential diagnosis
Normgal subcutaneous adipose tissue
Chondroid lipoma
Well-differentiated liposarcoma (atypical lipomatous
tmour)
Myxoid liposarcoma

Comments

As aspirates from subcutaneous Jipoma have principally
the same appearance in FNA smears as normal subcutaneous
adipose tissue it is important to certify that the needle has
been placed within the lipoma.

Many subcutaneous lipomas exhibit reactive cellular
changes such as increased vascularity, scattered or clusiered
adipocytes with multivacuolated cytoplasm and histiocytes
with foamy cytoplasm (lipophages) between fragments.
These reactive changes may suggest a well-differentiated
liposarcoma.



Fig.12. Deail of a smear of a subcutaneous
lipoma. a Fragment of adipose tissue com-
posed of univacuolated, mature adipocytes.
Thin capillaries traverse the (ragment
(arrows). There are na dissociated adipocytes
in the backgrowid. HE. Low magnification.
b Under high power the adipocyies appear as
large univacuolated. uniform cells with
small, dark nuclei. HE. High magniflication.

Myxolipomas have ncither the branching capillary
network typically seen in smears of myxoid liposarcoma,
nor typical lipoblasts.

In hipomas with chondroid metaplasia fragments of chon-
dromyxoid marrix (bluish-bluish-red in MGG) are mixed
with the tissue fragments. Chondrocytes may be observed in
lacunae in these fragments. Lipomas with chondroid meta-
plasia have been misdiagnosed as myxoid Jiposarcoma.

18 The Cytolagical Features of Soft Tissue
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Intramusculay Lipoma

Intramuscular lipoma is a slow-growing tumour. Most are
localized in the thigh and 1runk. At histological examination
intramuscular lipoma is composed of mature fat cells, the
adipose tissue infiltrating between muscle fibres. Rarely.
inramuscular lipomas may be well circumscribed and not
infiltrating.



Cytological features of intramuscular lipoma (fig. 13a, b).
Fragments of large univacuolated, mature adipocytes
mixed with more or less atrophic muscle fibres
Multinucleated regenerating muscle fibres (‘muscle giant
cells’) may be observed

Comments

Smears from subcutaneous lipoma may contain inadver-
tently aspirated normal muscle fibres if the needle is inserted
too deeply. The presence of “muscle giant cells’ is the best
evidence that the smears are derived from an intramuscular
lipoma. Smears from an intramuscujar haemangioma can
occasionally mimic those from an intramuscular lipoma
since atrophic muscle fibres adjacent 10 haemangioma c¢an be
replaced by fat tissue.

Angiolipoma

Angiolipomas are almost always subcutaneous, ofien mul-
tiple and not seldom painful or tender. The majority are
smaller than 2 cm,

Histopathology

Angiolipomas are encapsulated and composed of a mix-
rure of mature fat cells and a branching network of small ves-
sels. The vascular channels characteristically contain fibrin
thrombi. Some angiolipomas consist almost entirely of
the vascular channels. Mast cells are often numerous in angi-
olipoma.

Cytological feotures of angiolipoma (fig. 14)
Aggregates or strands of thighly packed small vessels in
the fac tissue fragments
Occasionally fibrin thrombi in individual vessels
Variable number of mast cells

Spindle Cell and Pleomorphic Lipoma

These two examples of benign lipoma variants share clin-
ical, morphological and cytogenctic features, They may be
essentially the same wumour, but lying at the extremes of a
morphological spectrum.

Both are slowly growing and occur typically in the subcu-
taneous tissue of middle-aged men, most frequently in the
upper back, the neck and over the shoulders.

Rare cases can be seen in the head and neck region,
incfuding the mouth. Both variants exhibit the same chro-
mosomal aberration, involving the long arm of chromo-
somes 13 and 16 (monosomy 16 with or without partial loss
of 16q).

The Cytological Features of Soft Tissue
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Spindle cell lipomu

Histopathology

There is a variable mixture of mature far and fascicles
or rows of bland spindle cells in a variably myxoid stroma.
Brightly eosinophilic hyaline collagen fibres are a typical
feature. A variable number of mast cells is seen. The spin-
dle cells are strongly positive for CD34.

The cytological features of spindle cell Jipoma have been
published, based on a re-examination of 12 patients [19].

Cytological feawres of spindle cell lipoma (fig. 150, b, 10, b, ¢)
A mixture of mature adipose tissue and dispersed or
clustered. bland-looking spindle cells. often in a myxoid
background
Fragments of brightly eosinophilic (HE) collagen-hyaline
fibres
Masc cells {particularly when the background is myxoid)

Differential diagnosis
Neurilemoma
Dermatofibrosarcoma protuberans
Low-grade myxofibrosarcoma
Myxoid liposarcoma

Comment

Tumours showing a mixture of spindle cell and pleomor-
phic lipoma patierns are not uncornmon. They most often
resemble spindle cell lipomas containing multinucleated
cells with hyperchromatic nuclei. Due to the variable
proportions of fauy tissue, spindle cells and myxoid back-
ground substance, smears of spindie cell lipoma may, in
some cases. be misinterpreted as several other types of
benign or malignant spindle cell or myxoid tumours.
Smears with an abundant myxoid background may easily be
misinterpreted as myxoid liposarcoma or low-grade myxo-
fibrosarcoma. Neither the branching network of thin capil-
laries typical of myxoid liposarcoma, nor the coarse vessel
fragments seen in myxofibrosarcoma are, hiowever, present
in spindle cell Jipoma. The spindle cells in spindle cell
lipoma are CD34-positive and S-}100-negative, which hejps
10 exclude neurilemoma. As the spindle cells in dermato-
fibrosarcoma protuberans also are CD34 positive, IC is of
vo help in this differential diagnosis.

Pleomorphic Lipoma

Histopathology

Pleomorphic lipoma is composed of mature adipocytes
mixed with a variable amount of scatiered bizarre giant cells
with hyperchromatic nucles and multinucleated large cells
with rounded dark nuclei forming rings (‘floret cells’).
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Fig.13. Intramuscular lipoma. Fragments of
adipose lissue composed of mature adipo-
cytes and fragments of siriated muscle.
a Overview, low magni(ication. b High mag-
mfication. a. b HL.

Pleomorphic lipomas may have a myxoid stroma and collagen A variable number of large cells with hyperchromatic
bundles similar to those in spindle cell lipoma are ofien pres- nuclei and eosinophilic cytoplasm (HE) both in the back-
ent. Transitional forms between pleomorphic and spindle cell ground and in tissue fragments

lipoma are fairly common. The giant cells stain for CD34. A variable number of ‘floret cells’

Clusters or runs of spindle cells seen in transitional forms
Differentiol diagnosis

Cytologicol features of pleemarphic lipoma (fig. 77a, b) Well-differentiated liposarcoma (atypical lipomatous
Fragments of mature fat tumour)
20 The Cytological Features of Soft Tissue
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Fig. 14. Smear of angiolipoma. Numerous
sirands of thin capillary vessels traverse the
adipose tissve in every direction. MGG. High
magnification.

Comment

The most important differential diagnesis of pleomorphic
lipoma is atypical lipomatous (umour/well-differentiated
liposarcoma, which ofien displays large cells with hyperchro-
martic nuclei and occasional “floret cells’ in smears. The main
differences hetween these two entities are the clinical presenta-
tion and the occwrrence of atypical lipoblasts in liposarcoma.
Pleomorphic lipomas are subcutaneous tumours while atypical
lipomatous tumoursivell-differentiated liposarcomas usually
are deep-seated tumours of the limbs or the retroperitoneum.
Cytogenetic findings are also helpful, since atypical lipomatous
tumour/well-differentiated liposarcoma typically displays giant
marker chromosomes while the pleomorphic lipoma shows
involvement of chromosomes 13 and 16, similar to spindle cell
lipoma.

Hibernoma

Hibernoma, derived from brown fat, is a rare lipomatous
tumour, which accurs mainly in patients between 20 and 50
years of age.

Most hibermomas occur in the back but some in the thigh
and in the armpit. Though usually subcutaneous, they can be
inframuscular.

Histopathology

Hibernomas are usually well circumscribed and show a tan-
brown cut surface. They arc lobulated and composed of a vari-
able amount of mature adipocytes mixed with large rounded
cells having a finely vacuolated cytoplasm and similar cells

The Cyrological Features of Soft Tissue
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with eosinophilic granular cytoplasm. Mature adipocytes are
the most common cellular component and may dominate the
microscopic picture entirely. Hibernomas are wel) vascular-
ized. The cytology of hibernoma has been evaluated in case
reports and small series {16-18&].

Cytological features of hibernoma (fig. 18a, b)
Fragments of mature fat dssue intermingled with ‘hiber-
noma’ cells (rounded cells with abundant finely vacuolaed
or granular cytoplasm and centrally located, small, uniform
nuclei)
The fat fragments often contain numerous capillary vessels
Differentiol diagnosis
Subcucaneous lipoma
Granular cell tumour
Adult rhabdomyoma
Liposarcoma

Comments

If ‘hibernoma cells’ dominate the smears, granular cell
umour as well as adult rhabdomyoma can be diagnostic
pitfalls. IC is helpful since the cells of granular cell tumour
show double positivity for NSA and S-100, and rhabdomy-
oma cells stain positive for myoglobin. Hibernoma cells have
been misinterpreted as lipoblasts but nuclei are neither atyp-
ical nor scalloped.

Hibemomas with a large proportion of mature fat cells are
often diapnosed as common lipoma.
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Fig. 15. Spindle cell lipoma. The variable
proportions of farty tissue and spindle cells
is evident in low magnification. a. b HE.

Lipoblastoma

Most cases of lipoblasioma are present in infants under
the age of 3 years. They have been occasionally reporied in
children up 10 8 years. The majority of lipoblastomas are
subcutaneous, well circumscribed and slowly growing. The
rare cases of deep-seated, often intramuscular lipoblastonas
that are diffusely infiltcative are known as lipoblastomatosis.

22 The Cytological Features of Sofl Tissue
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Individual cases of FNA of lipoblastoma have been published
(16.18).

Histopathology

The lipoblastoma is a Jobular tumour composed of a
mixture of mature and immature fat cells in varying pro-
poriions. A myxoid stroma, lipoblast-like cells, priniitive



spindle-shaped mesenchymal cells and capillaries are typical
features of immature areas of lipoblastoma. The more mature
component resembles a common lipoma with occasional
hibernoma-like cells. Lipoblastoma may mature towards
common lipoma and the characteristic immature areas may
be very small and focal.

Cytological features of lipoblastoma (fig. 194, b)
Fatty tissue fragments with variable amounts of myxoid
background matrix
Branching strands of thin capillaries
Uni- or multivacuolated lipoblast-like cells mixed with
small and large univacuolated fat cells with uniform nuclei
Differential diagnosis
Common lipoma
Myxoid liposarcoma

The Cytological Features of Soft Tissue
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Fig. 16. Spindle cell lipoma. a Scattered spindle cells and fragments
of collagen-hyaline fibres in a myxoid background with small fatty
vacuoles. MGG. High magnification. b Uniform population of spin-
dle cclls with bland nuclei. HE. High magnification. € The collagen-
hyaline fibres are brightly eosinophilic with HE. High magnification.

Comments

The most important pitfall from the cytological point of
view is myxoid liposarcoma (myxoid background substance,
capillary network, lipoblast-like cells). Myxoid liposarcoma
has been described in children under 10 years of age, albeit
very rarc. The most common crror made is to misdiagnosc a
lipoblastoma as a common lipoma when smears are domi-
nated by ordinary large univacuolated fat cells. The chromo-
somal aberration, 8q 11-13 seen in lipoblastoma is a rcliable
diagnostic aid.

Chondroid Lipoma

Chondroid lipoma is a recently described rarc variant
of benign lipoma. Chondroid lipoma is mainly found in
adults between 30 and 40 years of age and is predominantly
a subcutaneous lesion in the limbs, trunk, head and neck
region.
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Fig. 17. Plcomorphic lipoma. a Mature
adipocytes, scattered cells with large hyper-
chromatic nuclei and a single flore1 cell. HE.
Low magnification. b Typical floret cell. HE.
High magnification.

Histopathology lipoblasts, others have an eosinophilic granular cytoplasm.
Chondroid lipoma is a well-demarcated. at umes encapsu-  Foci of mature fat cells are also present. The nuclei are often
lated tumour. It has a lobular pattern and is composed of  jrregular with a folded nuclear membrane.
rounded cells arranged in nests or strands in a chondroid-like The cytological features of chondroid lipoma are
matrix. The tumour cells may resemble multivacuolated  described in FNA smears based on individual cases [70. 71].
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Fig. 18. Hibcrmoma, a The typical mixture
of mawre fat and clusters of *hibernoma’
cells is evident under low power. MGG. Low
magnification. b The “hibermoma’ cells have
an abundant fincly vacnolaled cytoplasm and
centrally located uniform nuclei. MGG. High
magnification.

Cytologicol features of chondroid lipoma (fig. 20a—d) Chondrocyte-like cells sometimes seen in the back-
Variable amount of myxo-chondroid background matrix ground matrix
Clusters or groups of mature large adipocytes mixed with  Differential diagnosis
clusters or groups of uni- or multivacuolated lipoblast- Myxoid liposarcoma
like cells Extraskeletal myxoid chondrosarcoma

Lipoblast-like cells have irregular nuclei of varying sizes,
often lobulated or grooved
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Fig. 19. Lipoblastoma. a Myxoid back-
ground with farty vacuoles and fragments of
tightly packed small lar cells. MGG, Low
magnification. b A thin capillary sirand in a
myxoid background surronnded by lipoblast-
like cells. MGG. Bigh magnilication.

Comments

In the few cases hitherto descnibed, the branching capil-
lary network seen in myxoid liposarcoma has not been pres-
ent. In addition the myxoid matrix is less abundant and the
nuclei of the lipoblast-like cells are more irregular compared
to the rounded, slightly atypical nuclei seen in myxoid
liposarcoma.

26 The Cytological Features of Sofi Tissue
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Extra-Adrenal Myetolipoma

Extra-adrenal myelolipoma, a rumour-like lesion composed
of mature fat and bone marrow cells, is mainly found in the
adrenals. These lesions may also arise in the pelvic region and
retroperitoncum. In cytological practice myelolipoma is part of
the differential diagnostic spectrum when tumour-like masses
in the pelvic region or retropertitoncum are needled [72].



Fig. 20. Chondroid lipoma. a Low power view of groups of vacuo-
lated cells with a panly myxoid. partly farty background. MGG. Low
magnification. b A group of chondroblast-like cells in a myxohyaline

The histogencsis of myelolipoma is not clarified. One
hypothesis is that myelolipoma originates from rests of
haematopoietic stem cells.

Histopathology

Myelolipomas are composed of a mixture of mature fat
cells and bone marrow cells in varying proportions. The bone
marrow elements consist of erythropoietic and myelopoietic
cells and megakaryocytes.

Cyrological feawures of myelolipoma (fig. 214, b)
Mature fat cells and normal bone marrow cefls in varying
proportions
Often possible to identify bone marrow cells from all
three haematopoietic lines
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background. MGG. Migh magnification. ¢ Lipoblast-like cells,
MGG. High magnification. d Wel-fixed smear showing irregular
nuclei with folded nuclear membranes. HE. High magnification,

Comment

FNA smears trom a myelolipoma do not differ micro-
scopically from smears obtained from bone marrow of
the pelvic bones. [t is thus important to make sure that
the needle has sampled a soft tissue mass and not bone.
Most often a myclolipoma is an incidental finding on a
CT scan or MRI in the investigalion of abdominal paiu or
discomfort.

Liposarcoma
Liposarcoma is one of the most common soft tissue

sarcomas. It has been estimated that about 20% of soft
tissue sarcomas in adults are liposarcoma. In the Central Soft
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Fig. 21. Exira-adrcnal myclolipoma. a. b
Marure fat cells and numerous haematopoi-
enic cells. All three lincages are cvident.
MGG. Low magnificalion.

Tissue Sarcoma Registry of the Scandinavian Sarcoma
Group {a multidisciplinary group with members from all
Nordic countries) liposarcoma was the third most common
sarcoma.

The majonty of liposarcomas are deep-seated, intra- or
intermuscular, and the most common sites are the extremi-
ties, trunk and retroperitoneum.
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Three large groups of liposarcomas are identified: well-
differentiated/dedifferentiated, myxoid/round cell, and
pleomorphic.

Well-Differentiated and Dedifferentiared Liposarcoma
Well-differentiated liposarcoraa occurs most commonly
in late adult life (age 60-70). About 75% are intramuscular



rumours of the extremities, up o0 23% develop in the
retroperitoneum and of the remaining cases the groin and
spermatic cord are the most frequent sites. Subcutaneous
tumours may occur in the extremities but are rare. Three sub-
types of well-differentiated liposarcoma have been recog-
nized: lipoma-like, sclerosing and inflammatory. Mixed
forms are often diagnosed. Well-differentiated liposarcoma is
considered to be a non-melastasizing tumour and is diag-
nosed as a low-grade sarcoma. Limb tumours have a low
recurrence rate while retroperitoneal tumours often recur and
may dedifferentiate 1o a high-grade sarcoma with metasta-
sizing capabilities. [1 is estimated that 10-15% of retroperi-
toneal umours dedifferentiate while limb umours, mainly
intramuscular rumours. dediffercntiate in 5-6%. Based on
this site-dependent behaviour it has been suggested that the
term atypical lipoma should be used for the limb tumours
but the retroperitoneal tumours should be diagnosed as
liposarcoma.

The World Health Organization has suggested that the rare
subcutaneous tumours should be diagnosed as atypical
lipoma, the deep-scated limb tumours as well-differentiated
liposarcoma/atypical lipoma and the retroperitoneal tumours
as well-differentiated liposarcoma [73]. Kempson et al. [1]
have proposed a differemt terminology: atypical lipomatous
tumour including atypical lipoma and well-differentiated
liposarcoma. The histological features are the same irrespec-
tive of site as is the typical cytogenelic aberration (giant
marker and ring chromosomes).

Histopathology

There is a predominance of marure fat cells combined
with a variable amount of atypical cells wilh irregular hyper-
chromatic nuclei and muluvacuolated lipoblasts. The
lipoblasts arc usually infrequent. The atypical cells are either
situated among the mature fat cells or in fibrotic strands or
wrabeculac. and are also commonly seen in the perivascular
fissue or within the vessel walls.

Eﬂaiogical features of weildifferentiated liposarcoma (fig. 220—d)
A predominance of mature fat cells arranged in clusters
or sheets
Variabfe presence of fusiform,rounded or polygonal. large
atypica! cells with irregular hyperchromatic nudei
Rare mulivacuolated lipoblasts
Variable presence of fragments of fibrous tissue with
arypical ceils

Differential diagnosis
Lipoma
Fat necrosis with lipophages
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Comment

We suggest that the term atypical lipomatous tumour pro-
posed by Kempson et al. [1] for these tumours be used by
cytologists. As many atypical lipomatous tumours may
include large areas of lipoma-like tissue, extensive sampling
from large tumours, especially intra-abdominal tumours, Is
important.

The cytoplasm of lipophages in fat necrosis is usually
foamy or filled with small vacuoles. The nuclei are rather
small and not indented (scalloped).

Dedifferentiated Liposarcoma

Histopathology

The dedifferentiated areas in well-differentiated liposar-
coma are often sharply demarcated and predominantly com-
posed of atypical spindle cells resembling a fibrosarcoma
or of a pleomorphic cellular popuiation like that found in
pleomorphic sarcoma of thie malignant {ibrous histiocyloma
(MFH) type.

Cyrological features of dedifferentiated liposorcoma
Highly atypical spindly or pleomorphic sarcoma cells.
dispersed or in clusters or groups
Variable numbers of clusters or groups of mature fat cells
Differential diagnosis
High-grade spindle or pleomorphic sarcoma of another
lineage

Comment

The cytological diagnosis of dedifTerentiated liposarcoma
is based on Lhe presence of mature fat cells and a highly
atypical cellular population. As these tumours are often large
it is important to collect material from various areas. espe-
cially from sites which are considercd non-lipomatous by
radiographic imaging.

Myxoid/Round Cell Lipoxarcoma

About 50% of liposarcomas are diagnosed as myxoid
round cell liposarcoma. These two variants share the same
cylogenetic abnarmality: 1(12;16)(q13;p1 1) with fusion of
the CHOP gene on chromosome 12 with the TLS gene on
chromosome [6.

Vvxoid Liposarcoma

Histopathology

Myxoid liposarcomas are multilobulated tumours with an
abundant myxoid matrix. A plexiform capillary vessel net-
work is a typical finding and cellularity is rather low. The
rsmour cell population is composed of both spindle cells and
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Fig. 22. Well-differentiated liposarcoma (atypical lipomatous
tumour). a Scaftered large cells with hyperchromatic nuclei within a
fragment of mature adipose tissuc. HE. Low magpnification. b The
atypical cells often have irregular. hyperchromatic nuclei. HE. High

uni- or multivacuolated lipoblasts. Cellular atypia 1s moder-
ate and mitoses are few. Myxoid liposarcoma has been fairly
extensively described in FNA matenial [16, 17, 32).

Cyrologico! features of myxoid liposarcoma (fig. 230—c)
Abundant myxoid matrix
Variable number of vacuolated tumour tissue fragments
with a branching network of capillary vessels
Few or no dispersed tumour cells
Uni- or multivacuolated fipoblasts within tissue frag-
ments, especially alongside capillary vessels
Spindly or rounded tumour cells other than lipoblasts
Slight to moderate nuclear atypia
No mitotic figures
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magnification. ¢ Multivacuolated lipoblasts may be prescnt but are
not necessary for the diagnosis. MGG. High magnification.
d Multinucleated floret cells may also be present in well-differentiated
liposarcoma. HE. High magnification.

Differential diagnosis
Spindle cell lipoma with abundant myxoid matrix
Intramuscular myxoma
Low-grade myxofibrosarcoma

Comment

The clue to the diagnosis of myxoid liposarcoma is the
diagnostic triad of 2 background of abundant myxoid matrix,
fragments of tumour tissue with a branching network of thin
capillaries, and slightly atypical lipoblasts in fragments often
along the capillary vessels.

The presence of vessels in the smears and their site and
size are important diagnostic criteria. In Intramuscular
myxoma only scattered vessel fragments are present in the



myxoid background. The vessel fragments in myxofibrosar-
coma are found in the background matrix and are non-
branching coarse fragments.

Round cell Liposarcoma

Histopathology

Pure round cell liposarcoma or foci of round cell liposar-
coma in myxoid liposarcoma are¢ composed of sheets of
rounded cells with scanty cytoplasm aund rounded, atypical
nuclei often with nucleoli. The myxoid background is less evi-
dent or absent. Atypical lipoblasts are present among the
tumour cells but may be difficult 1o identify.

Cytological features of round cell liposarcoma (fig. 24a, b)
Variable propartions of dispersed tumour cells and highly
cellular cumour fragments
Stripped nuclei common
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Fig. 23. Myxoid liposarcoma. a Low power view showing the typi-
cal appearance of myxoid liposarcoma. MGG. Low magnification.
b Another low power view stained with HE. Note that the myxoid
background is less evident. Low magnification. ¢ This high power
view shows a capillary nctwork. multivacuolaied lipoblasts and
rounded tumour cells embedded in myxoid marrix. MGG. High
magnification.

Myxoid matrix and capillary network less conspicuous
than in myxoid liposarcoma
Rounded tumour cells with scanty cytoplasm and
rounded nuclei with irregular chromatin
Atypical lipoblasts
Mitoses may be found

Differential diognosis
Orther types of round cell sarcoma infiltrating adipose
tissue
Soft tissue metastasis of renal carcinoma

Conmment

True round cell liposarcomas are rare. Most are com-
posed of both typical myxoid liposarcoma tissue and highly
cellular areas as described above. In histopathology the
terms paucicellular and cellular myxoid liposarcoma,
respectively. have been proposed instead of myxoid and
round cells. The metastatic potential is increased if 25% or
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Fig- 24. Purc round cell liposarcoma. a
Predominantly dissociaed tumour cells with
rounded nuclei in a myxoid background.
MGG. Low magnification. b Scaltered
lipoblasts seen in high magnification
(arrows). MGG.

more of the tumour is cellular [§]). If several parts of the
tumour are sampled with FNA. most often a paucicellular
and cellular mixture is found.

If uncquivocal atypical lipoblasts are difficult to identify,
a specific diagnosis of round cell liposarcoma should be
avoided.
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Pleomorphic Liposarcoma

Histopathology

Pleomorphic liposarcoma is a high-grade sarcoma
exhibiting marked atypia. FHlighly atypical lipoblasts, often
multinucleated, are more or less numerous. Hyaline cyto-
plasmic droplets may be seen in the large atypical cells.



Fig. 25. Pleomorphic liposarcoma. a Detail
of smear of a pleomorphic liposarcoma with
unusually large numbers of atypical
lipoblasts. MGG. Low magnification. b High
power view of highly atypical lipoblasts in a
pleomorphic liposarcoma. MGG.

Cytological feotures of pleomorphic liposarcoma (fig. 250, b)
Dispersed cells and cell clusters
Necrosis commonly seen in fragments
Pleomorphic tumour cells, including multinucleated giant
tumour cells
Variable presence of highly atypical uni- or multinucleated
lipoblasts
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Variable presence of tumour cells with multiple hyaline

cytoplasmic droplets
Differential diognosis
Pleomorphic high-grade sarcoma of another lineage
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Comment

For a specific diagnosis of pleomorphic liposarcoma,
unequivocal atypical lipoblasts must be present in the
smears. If lipoblasts are absent, smears from a pleomorphic
liposarcoma are impossible to distinguish from other pleo-
morphic sarcomas such as the malignant fibrous histiocy-
toma type and pleomorphic leiomyosarcoma. IC is of limited
value; positive staining for desmin, SMA or caldesmon
excludes liposarcoma,

In general EM is of limited value in the differential
diagnosis of adipocytic tumours. Cytogenetic and/or molec-
ular genetic investigations are valuable adjuncts in
histopathology. A summary of the cytomorphology of lipo-
matous turnours and their cytogenctic aberrations is listed in
tables 5 and 6.

Fibrous Tumours

Fibrous tumours consfitute a heterogeneous group of
reactive and hamartomatous lesions, benign tumours and
sarcomas. The most frequently needled benign conditions are
the ‘pseudosarcomatous lesions’, cspecially nodular fasciitis
and desmoid mumours, of the sarcomas myxofibrosarcoma
and pleomorphic saccoma of malignant fibrous histiocytoma
type arc the most common. Efastofibroma and solitary
fibrous tumour are, in our experience, occasionally needled
as fibrosarcoma ang low-grade fibromyxoid sarcoma. The
experience of FNA is incomplete in relation to rare sarcomas
such as sclerosing epithelioid fibrosarcoma, hyalinizing
spindle cell sumour with giant rosettes and acral myxain-
flammatory fibroblastic sarcoma. 1t is non-existent or incom-
plete also in several of the relatively rare benign fibrous
tumours such as fibroma of tendon sheath, collagenous
fibroma, angiomyofibroblastoma, cellular angjofibroma and
giant cell angiofibroma, based at most on individval cases.
Of the vast number of fibrous lesious and tumours in infancy
and childhood, fibromatosis colli is the most common
referred for FNA. Tndividual cases of fibrous hamartoma
of infancy and infantile fibrosarcoma are also recorded in
our files.

Benign Tumonrs

Nodular Fasciifis

Nodular fasciitis is most ofien seen in young adults and
children. Most are subcutaneous, and comnion sites are the
arms, trunk, head and neck. Nodular fasciitis is a rapidly
growing lesion, usually painful and tender. Due to the clinical
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history most nodular fasciitis lesions are needled in an early
phase. The vast majority regress spontancously and conser-
vative follow-up is the appropriate jnanagement if the com-
bined evaluation of clinical data and cytological features is
typical [74, 75].

Histopathology

The cells of nodular fasciitis are (myo)fibroblasts show-
ing more or less marked amisocytosis and anisokaryos;s.
Multinuclcated ganglion cell-like myofibroblasts are part
of the cellular spectrum. The cells are arranged in various
patterns: storiform, whorled or vascularized tissue culture
pattern. The stroma is variably myxoid and cystic degen-
eration is seen. Inflammatory cells and extravasated eryth-
rocytes are a common finding. Mitoses are commonly
seen.

Nodular fasciitis in FNA smears have been described in
several case reports and a single series {13).

Cytological features of nodular fasciits (fig. 260—d)
More or less abundant myxoid background matrix
Often rich cellular yield
Mixture of dispersed cells angd cell clusters
Pleomorphic population of (myo)fibroblasts; spindly.
rounded. triangular or polygonal
Often cytoplasmic processes
Ganglion cell-like uni- or binucleated cells with eccentric
nuclei
Mulcinucleated gianc cells
Occasional (frequent) mitoses
Bland nuclear chromatin but often prominent nucleoii
Admixture of inflammatory cells
Differential diagnosis
Myxofibrosarcoma
Myxoid leiomyosarcoma

Comment

The typical cellular smear showing nuclear pleomorphism,
prominent nucleoli and occasional mitoses may suggest a
myxoid sarcoma but the bland nuclear chromatin favours a
benign pracess.

The related pseudosarcomatous lesions, proliferarive
fasciitis and proliferative myositis, share many cytological
features with nodular fasciilis. However, the myxoid back-
ground matrix is less prominent and the ganglion cell-like
cells are numerous and often exhibit large nucleoli (fig. 27).
In proliferative myositis the fibroblastic/myofibroblastic
proliferation often includes multinucleated regenerating
muscle fibres,



Table 5. Cytological features in benign lipomatous tumours and liposarcoma

Cytological features

Notes

Benign lipomaious tumour

Common lipoma

latramuscolar lipoma

Angiolipoma

Plcomorphic lipoma

Spindle cell lipoma

Bibernoma

Lipoblastoma

Chaondroid lipoma

Extra-adrenal
myelolipoma
Liposarcoma
Well-differentiated
liposarcoma/atypical
lipomatons tumour

Dedifferenciated
liposarcorna

Clusters and fragmens of adipose tissue with
large. univacuolated. mature fat cells with small.
dark, eccentric nuclei: variable presence of
vessels in fragments; few or no fat cells between
fragments

As conumon lipoma and fragments of

striated muscle Tivres; occasionatly ‘muscle

giant cells’

Variably cellular fat lissue fragnients or clustcrs,
cellularity due to the presence of ¢lustered
capillaries; occasionally fibnn thrombin vessels;
variable number of mast celly

Within and outside fat tissue fragments with mature
fat cclls variable presence of differem-sized atypical
cells with dark. irregular, at rimes mutinucleated
nuclei {foret cells)

Variable proportions of clustered or dispersed
univacuolated, macre fat cells, spindle cells with
bland nuclei, and fragments of ¢ollagen fibres

in a variably myxoid background; the clusters or
dissociated mature [at cells may be in

minority

Clusters and fragments of large univacuolale,
mature fal cells mixed with variable proportions of
‘hibernoma cells” (multivacuolated or granulaced
cytoplasm); capillary neiwork in clusiers and
[ragments; occasionally dissociated or small
aroups of hibernoma cells berween clusters:
aspirates may be dominated by large mature

fat cells

Fat tissue fragments/clusters with vanable areas of
myx03d background: network of (hin capillarics in
fragments/clusters; in fragments/clusters variable
proportions of maturc fat cells and lipoblast-hke cells

Clusters of macure fat cells, variable amount of
myxochondroid background matrix with rows,
groups of lipoblast-like cells with irregular nuclear
contours

Mature fat cclls and bonc marrow cells in varying
proportions

Fragments/clusters of mature fat cclls and variable
presence of large atypical cells with irregular dark
nuclei within and outside fragments/clusters;
occasionally lipoblasi-like cells

The same feanures as above and a cellular
population corresponding to high-prade
malignant sarcoma, spindle cell, pleomorphic or
mixed
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Diagnostic site: subcutancous 1n neck. shoulder
region and back; in other siles tumours with the
samc cytomorphalogy should be classified as
atypical lipomatous fumowrs

Typical site: subcutlaneous in neck. shoulder
region and back; tumours with features of
pleomorphic and spindle cell {ipoma not
uncommon

Usually in infants and children under the age of
3 years

Diagnosis of dediffercntiated liposarcoma is
based on the presence of material from
well-differentiated liposarcoma and high-grade
sarcoma in the same smear
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Table 5 (continued)

Cytological features Notes

Myxoid liposarcoma

Fragments of fat tissue with a distinet network of
thin capillaries, slightly arypical spindle cells and
uni- or multivacuolated slightly atypical Jipoblasts;

myxoid back-ground matrix; few dissaciated

tamour cells

Pure round ccll liposarcoma rare;
mixed forms (myxoid and round cell common)

Round cell Mixture of dispersed or clustered rounded, arypical

liposarcoma cells with rounded nuclei; vanabie amount of
arypical lipoblasts; variabe amount of myxoid
background and capillary fragments in clusters;
smipped nuclei; mitoses

Pleomorphic Pleomorphic wmour cell population; dispersed cells

liposarcoma and small clusters/groups of tumour cells; variable

presence of highly atypical. often muitinucleated

lipoblasts; necrosis

Table 6. Chromosomal aberrations in lipomatous tumours

Lipomatous tumour

Chromosomal aberrations

Genes involved

Common lipoma

Translocations involving 12q13-15

Rcarrangements involving 6p21-33

Rearrangements of 3g

Plcomorphic/spindle cell lipoma

Monosomy 16 or pariial loss of 16q associaled with

unbalanced aberration at 13q

Lipoblastoma
Hibernoma

Well-differentiated liposarcoma/atypical

lipomalous tumour
Myxoid/round cell hposarcoma {12;16)gl3:pl 1)

Pleomnorphic liposarcorma

Rearrangements involving 8§q11-13
Rearrangements involving 11q13;10q22
Ring chromosomes. long marker chromosomes from 12q13-15

CHOP/TLS

Increased chromosome numbers with complex rearrangements

IC is of limited value. Widespread positive staining for
desmin favours myxoid leiomyosarcoma. DNA ploidy analysis
is also of limited value. An uniequivocal non-diploid cellular
population is consistent with sarcoma.

If both the clinical history (rapidly growing, tender
tumour) and the cytological features are typical, an attitude
of “wait and see¢’ is justifiable since the vast majority of
nodular fasciitis regress considerably or disappear within 4-3
weeks.

Desmoid Fibromaiosis

Almost all cases needled are abdominal and extra-
abdominal. In our cxperence the rare intra-abdominal
fibromatoses are uncommon targets for FNA. Commnion sites
for extra-abdominal desmoids are the proximal extremities
and the shoulder and pelvic girdies.
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Histopathology

Desmoid fibromatosis typically has poorly defined, infil-
trative margins and is composed of bands or fascicles of
fibroblasts with fusiform nuclei and elongated cytoplasm.
Abundant collagen is present in the stroma and a myxoid
matrix may be seen focally.

Cytological features of desmoid fibromatasis (fig. 280—¢)
Variable yield
Mixture of individual cells and cell clusters
Fragments of paucicellular collagenous stroma
Fibroblasts with spindle-shaped or fusiform nuclei.
moderate anisokaryosis
Stripped nuclei
Preserved cells elongated with cytoplasmic processes



Fig. 26. Nodular fasciitis. a An abundant yield of both ce}l clusters
and dispersed cells is characteristic of nodular fasciitis. The myxoid
backeround matrix is only faintly visible in HE. Low magnification.
b A pleomorphic population of (mvo)fibroblasis is characteristic. HE.

If infilerating striated muscle, regenerating multinucleated
muscle fibres (‘muscle glant cells)
Differential diagnosis
Nodular fasciitis
Deep-seated leiomyoma
Low-grade fibrosarcoma
Low-grade malignant peripheral nerve sheath tumour
(MPNST)
Monophasic fibrous synovial sarcoma

Comment

Abundant collagenous matrix may make needling diffi-
cult; the yield may be poor in spite of vigorous aspiration.
If the vield is poor and does not include the characteristic
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High magnification. ¢, d Binucicated ganglion cell-like cells are
found in most smears. The myxoid background is evident. MGG.
High magnification.

mixture of collagen fragments and fibroblasts, differential
diagnosis of the spindle cell tumours noted above is difficult.
Smears of a desmoid with myxoid matrix may be mistaken
for nodular fasciitis but the cell population of desmoids is
less pleomorphic than that of nodular fasciitis, and the gan-
glion ceil-like cells are not present. 1C is of limited help; pos-
itive staining for S-100 protein or widespread desmin
positivity excludes desmoid.

Solitary Fibrous Tumour

Solitary fibrous tumour may occur in almost any site of
the body besides the pleura.

Those of soft tissue maost often occur in adults as a decp-
seated mass.
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Fig. 27. Proliferative myosilis. Uni- or binucleated cells with
abundant cyloplasm and large nuclei with prominent nucleoli
predominate in proliferative myositis. MGG. High magnification.
Fig. 28. Desmoid fibromatosis. a A characteristic feawre is (he
association of fibroblasts with collagenous stromal fragments

Histopathology

The main histological features are spindle cells arranged
in a non-specific pattern, variable cellularity, thin bands of
collagen between (umour cells, focal hyatinization, foci with
a myxoid matrix, and a vascular pattern resembling haeman-
giopericytoma. The cells are fibroblast-like, almost always
positive for CD34 and often for CD99 and bcl-2.

The cytological appearance of solitary fibrous tumour
not related to the pleura has been described in a series of
8 cases [76].
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(arrow). MGG. Medium magnification. b, ¢ The cell population
consisis of fibroblasts with spindle-shaped or ovoid nuclei. A mod-
erate anisokaryosis is not uncommon. MGG, HE. High
magnification.

Cytological feotures of solitary fibrous tumour (fig. 29a—d)
Variable yield
Dispersed cells mixed with cell-tight three-dimensional
fascicle-like clusters
Stripped nuclei between clusters
Rather uniform population of spindle cells
Nuclei with bland chromatin structure and inconspicuous
nucleoli
Differential diognosis
Monophasic fibrous synovial sarcoma
Low-grade fibrosarcoma
Low-grade MPNST
Malignant haemangiopericytoma

18a
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Fig. 29. Soluary fibrous tumour. a A cell-tight thrce-dimensional
fragment surrownded by dispersed celfs. HE. Low magnification.
b, ¢ The constituent cells are spindle-shaped with bland nuclei.

Comment

Cellular and nuclear atypia is usually more marked in fibro-
sarcoma and MPNST than in solitary fibrous umour. A correct
diagnosis of solitary fibrous rumour is, however, difficulr on
routinely stained material. IC is of diagnostic help. If the spin-
die cell population is positive for CD34, CD99 and bcl-2,
fibrosarcoma, MPNST and synovial sarcoma are all excluded.

Elastofibroma
Elastofibroma is typically a slowly growing mass beneath
the scapula in elderly females.

Histopathology
Elastofibroma is composed of (myo)fibroblasts. [ts charac-
teristic feature is faulty elastin fibrillogenesis, Tissue sections
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HT: and MGG. High magnification. d Positive CD34 staining.
Cell block preparation. Medium magnification.

show a hypocellular, collagenous lesion containing numerous
eosinophilic elastic fibres, cither in rounded aggregates or as
serrated fibres.

The cytological appearance in FNA smears has been
described in indsvidual case reports (77, 78].

Cytological features of elastofibroma (fig. 30a—d)
Variable yield. often hypocellular smears
Variable amount of spindly, fibroblast-like cells. singly or
in loosely cohesive groups
Variable amount of fragments of elastic fibres. typically
serrated
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Fig.30. Elastofibroma. a A hypocellular smear of spindiy, fibroblast-
like cells. dominated by elastic fibres. MGG. Low magnificauon.
b The fibroblast-like cells have uniform bland nuclei. HE. Medium

Comment

The cytological diagnosis of elastofibroma is difficult.
The main diagnoslic feature is the presence of degenerate
elastic fibres.

Malignant Tumours

Adult Fibrosarcoma

Adult fibrosarcoma is at present considered as a rare
tumour and a diagnosis of exclusion. It is a deep-sealed
tumour of elderly adults and the limbs are the most frequent
sites. The majority of sarcomas formerly diagnosed as
fibrosarcoma are today classified either as monophasic
synovial sarcoma or MPNST.
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magnification. ¢, d The diagnostic feature of elastofibroma is the pres-
ence of fragments of serrated clastic fibres. MGG. at times appearing
in the smears as cog-wheel-like structures. HE. High magnification.

Histopathology

The pattern is fascicular, the fascicles of cells are often
arranged in a herringbone-like pattern. The tumour cells are
fibroblast-tike, exhibiting variable nuclcar atypia. The
stroma 1s variably fibrous.

Cytological features of adult fibrosarcoma
Uniform population of spindle cells, both dispersed and
arranged in clusters or fascicular structures
Scripped nuclei not uncommon
Spindle-shaped cells with fusiform nuclei and elongated
cytoplasm



Variable cellular and nuclear atypia (high-grade malignant
tumours have hyperchromatic nuclei with coarse chro-
matin and prominent nucleoli)
Differential diagnosis
Desmoid
Solitary fibrous tumour
Monophasic fibrous synovial sarcoma
MPNST

Comment

Adult fibrosarcoma is most often diagnosed as a spindle
cell sarcoma, not otherwise specified. [C is of limited help.
Adult fibrosarcoma may express muscle actin and desmin.
CD34 and S-100 protein are usually negative.

Low-Grade Fibromyxoid Sarcoma

Low-grade fibromyxoid sarcoma, described by Evans [79]
and Goodlad et al. [80] in series of cases, is clinically as well
as morphologically considered to be a specific entity sepa-
rate from low-grade myxofibrosarcoma.

Histopathology

Bland, uniform spindle cells, often armanged in a whorled
pattern, are seen within a variably myxoid and variably col-
lagenous stroma. The border between myxoid and collagenous
areas is often sharp. Vascularity is generally low but curvolin-
ear vesscls are present in myxoid areas. Mitotic activity is low.
Immunohistochemically only vimentin stains positively in most
cases. Focal staining for CD34 and actin has been reported.

The cytological profile has bcen descnbed in one case
report [81]. The features were similar to the individual cases
in our files.

Cytological features of low-grade fibromyxoid sarcomo
(fig. 3 70—)
Abundant myxoid background
Dispersed cells and cell clusters
Often stripped nuclei
Homogenous population of fibroblast-like spindle-shaped
cells with mildly atypical nuclei
Poor vascularity. almost no vessel fragments seen in the
background
Differential diagnosis
Incramuscular myxoma
Perineurioma
Low-grade myxofibrosarcoma

Comment
Low-grade fibromyxoid sarcoma is most often misdiag-
nosed as a low-grade myxofibrosarcoma due to the myxoid
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background and the atypical spindle cells. From the clinical
point of view this is not a seriows mistake as the freatment (pri-
mary surgery) is the same for both sarcomas. Intramuscular
myxoma is usually less cellularin FNA smears than fibromyx-
oid sarcoma. 1C is helpful in the differential diagnosis against
perineurioma, which stains positively for EMA.

Fibrous Tumours in Infancy and Childhood

Of the various fibrous tumours/lesions in infancy and
childhood, fibromatosis colli (torticollis) is often subjected
to FNA, fibrous hamartoma of infancy and infantile
fibrosarcoma rarely.

Benign Tumours

Fibromaiosis Colli (Torticollis)

Fibromatosis colli presents itself as a firm tumour-like
mass in the side of the neck (within tbe sternocleidomastoid
muscle) in newborn infants,

Histopathology

There is a diffuse proliferation of fibroblasts within the
muscle. The involved muscle fibres are atrophic and have
multiple nuclei resembling large multinucleated giant cells.
The cytological appearances of fibromatosis colli have been
presented in one large series [82] together with case reports.

Cytological features of fibromatosis colli (fig. 32a, b)
Tufts of myxoid matrix in the background
Mixcure of dispersed and clustered bland-looking
fibroblast-like cells
Many stripped nuclei
More or less numerous, most often multinucleated
regenerating muscle fibres (‘muscle giant cells’)
Differential diagnosis
Pleomorphic sarcoma

Comment

The double population of spindle cells and muscle giant
cells is typical. The muscle giant cells have an abundant
cosinophilic (wet fixed smears) or deep-blue (MGG) cyto-
plasm containing rows of uniform rounded nuclei with
prominent nucleoli. Uninuclear tadpole-shaped muscle cells
may be seen.

Many cases regress spontancously and the primary ther-
apy is conservative.
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Fibrous Hamartoma of Infancy

Fibrous hamartoma of infancy is very rare after the age of
2 years and typically presents as a subcutaneous mass in the
upper arm or around the shoulder.

Histopathology

This lesion has ill-defined boundaries and is composed of
a mixture of mature adipose tissue, fibrous septa or bands
and myxoid foci with small rounded primitive cells.

The features of fibrous hamartoma of infancy have been
described in individual case reports [83].

Cytologicol features of fibrous hamartorna of infancy (fig. 33a, b)
Mixture of mature adipose tissue and clusters or runs of
spindly cells
More or less abundant tufts of myxoid background sub-
stance
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Fig. 31. Low-grade fibromyxoid sarcoma. a Dispersed cells and
tight ccll clusters in an abundant myxoid background substance.
MGG. Low magnification. b Uniform population of mildly atypical
Fibroblast-like cells, MGG. High magnification. ¢ Curved vessel
fragments may be seen in the myxoid background. When vessel
fragmenis are present i is ool possible to distinguish between low-
grade fibromyxoid sarcoma and low-grade rayxofibrosarcoma in
FNA smears. HE. Low magnilication.

The spindle cells are uniform with bland nucei
Differentiol diagnosis
Infantile fibrosarcoma

Malignanr Tivmours

Infantile Fibrosarcoma

Infantite fibrosarcoma may be congenital and is generally
seen before the age of 2. Most infantile fibrosarcomas arise
in the arms or legs ang present as a large. non-tender mass.

Histopathology

Fascicles of tightly packed fibroblasts with slight nuclear
atypia and often numerous mitoses. Myxoid stroma and
areas of round cells as well as a haemangiopernicytoma-like
vascular pattern may be seen. Lymphocytic infiltrates and
haemorrhages and foci of necrosis may be found.



Fig. 32. Fibromatosts coll. a All the fea-
tures characteristic of Mbromatasis colli are
present in this field: myxoid background,
bland-looking fibroblast-like cells and *mus-
cle giant cells’. MGG. Low magnilication.
b The *musclc giant cclls® are often a promi-
nent feature. MGG, High magnification.

[nfantile fibrosarcoma is rarely described in the cytologi-
cal literature. We have needled one case, a large tumour in the
lower leg.

Cytologicol features of infontile fibrosorcoma (fig. 340, b)
Rich yield
Clusters, runs or fascicular fragments of three-
dimensional tightly packed spindle cells
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The cellular population is uniform, nuclei bland with slight

atypia
Mitoses

Differentiaf diagnosis
Embryonal rhabdomyosarcoma
Chiidhood fibromatosis
Fibrous hamartoma of infancy
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Fig. 33. Fibrous hamartoma of infancy. in
our single case there were fragments of
maiture fac (a) as well as three-dimensional
cell-tight fascicles of spindle cells (b). HE.
Low magnification.

Comment

In our Jimited experience the spindle cell population is  mixture of round and spindle cells may be mistaken
very similar in FNA smears of fibrous hamartoma and of  for rhabdomyosarcoma. IC and EM are helpful in this
infantile fibrosarcoma. Infantile fibrosarcoma showing a  differential diagnosis.
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Fig. 34. Infandile fibrosarcoma. a In our
only case there was an abundant yield of
three-dimensional fascicular fragments com-
posed of tightly packed spindle cells. HE.
Low magnificarion. b The cell population is
uniform and has bland, slightly atypical
spindly nuclei. HE. High magnification.

Fibrohistiocytic Tumours

Some of the variants of fibrohstiocytic tumours are the
most common objects of FNA. Myxofibrosarcoma and
‘malignant fibrous histiocytoma™ are the most frequent
sarcomas referred for FNA, localized giant cell tumour of
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tendon sheath 1s part of the soft tissue tumour spectrum in
every FNA clinic and some cases of dermatofibrosarcoma

protuberans are also biopsied.

45



Benign Tumours

Localized Tumow- of Tendon Sheath

This is a common tumour of the digits. presenting as a
painless, slowly growing nodule usually -3 cm in diameter
at the time of FNA biopsy.

Histopathology

The tumour is compaosed of rounded mononuclear cells,
osteoclast-like giant cells, xanthoma cells, siderophages and
inflammatory cells in variable proportions. The stroma may
be hyalinized in some (umours, and cellular examples may
exhibit numerous mitoses,

The cylological features in FNA smears match the histo-
logical pattern fairly well.

Cytologicol features of localized twmour of tendon sheath

{fig. 350—)
Variable yield; lesions with extensive hyalinization are
poor in cells
Mononuclear. rounded cells with
nuclei, dispersed and in clusters
Moderate anisocytosis and anisokaryosis common
Variable presence of multinucteated osteoclasc-like gianc
cells
Variable presence of histiocytes (with foamy, vacuolated
cytoplasm and/or haemosiderin laden)
Mitoses may be present

rounded vesicular

Comment
The clinical presentation and the cytological features are
indicative of this diagnosts.

Malignant Tumours

Dermatofibrosarcoma protuberans

Dermatofibrosarcoma protuberans is most commonly
seen in adulis, often with a long, S years or more, history
of a slowly growing dermal/subcutaneous tumour. Tum-
ours referred for FNA are almost exclusively exophytic-
nodular.

Histopathology

The most characteristic patiern is that of relatively bland
spindle cells with elongated nuclei arranged in a storiform
parern. The typical immunohistochemical profile is a double
positivity for vimentin and CD34. The cytological features
have been descrbed in two series (53, 54].
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Cytological features of dermatofibrosarcoma protuberans

(fig. 36a—d)
Uniform population of spindle cells. dispersed. clustered
or in three-dimensional cell-rich fascicles (fascicular
arrangement)
Moderate variation in nuclear size and shape. bland
nuclear chromatin, small nucleoli
Occasionally adipose tissue fragments infiltrated by runs
of spindle celis

Differential diagnosis
Cellular fibrous histiocytoma
Other spindle cell sarcomas located in the cutis-subcutis

Comment

Cellular smears from dermatofibrosarcoma protuberans
are most often considered as low-grade malignant spindle
cell sarcoma. The most important differential diagnosis is
cellular benign fibrous histiocytoma. The presence of
histiocytes and/or giant cells favours histiocytoma. Further-
more, the spindle cells in fibrous histiocytoma are CD34
negative.

Malignamt Fibrous Histiocvtoma

Since MFH was recognized as a specific sarcoma entity
in 1963, it has almost universally been regarded as the most
common soft tissue sarcoma. However, during the last 10
years tlie concepl of MFH as a specific enlily has been
questioned because of the obvious clinical and morphologi-
cal heterogeneity among the various subtypes, storiforny
pleomorphic, myxoid, giant cell, angiomatoid and inflamma-
tory. Because of this clinical and morphological heterogene-
ity, it has been suggested that MFH may represent an
anaplastic variant of a number of other soft tissue sarconias
with a specific line of differentiation. In retrospective evalu-
ations of sarcomas primarily diagnosed as MFH. especially
the storiform/pleomorphic varjant, it has been shown that
myogenic, lipogenic and Schwann cell differentiation has
been present in parts of the wumours in quesiton (84, 85].
Angiomatoid as well as myxoid MFH have been regarded as
specific entities [86].

Due to these current opinions we avoid the diagnosis
of MFH in FNA material. We suggest descriptive diag-
noses such as pleomorphic sarcama or high-grade malig-
nant spindle cell/pleomarphic sarcoma unless a specific
line of differentiation can be proved by the combined
evaluation of routine stains and ancillary methods.
Pleomorphic sarcoma of the ‘MFH type’ has been micro-
scopically evaluated in FNA samples in two large series
[26.27].



Cyrologicol features of malignant fibrous histiccytomo (fig. 37a—)
Often highly cellular smears
Necrosis, cystic degeneration and haemorrhage often
present
Tissue fragments. cell clusters and dispersed cells in vary-
ing proportions
Variable proportions of atypical spindle cells, rounded or
polygonal cells with abundant cytoplasm, and muitinucle-
ated large cells
Generally marked nuclear pleomorphism, irregular
coarse chromatin and prominent nucleoli
Micotic figures. including acypical

Differential diagnosis
Soft tissue metastasis from anaplastic farge cell carcinoma
Soft tissue metastasis from sarcomatous mefanoma
Soft tissue presentation of ALCL (sarcomatous giant cell
variant)
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Fig.35. Loculized tumour of tendon sheath. a Mononuclear, rounded
amout cells with rounded nuclei. Mild anisokaryosis is common.
MGGQG. High magnification. b More or less numerous multinucleated
osteoclast-like giant cells are always present in the smears. HE. High
magnification. ¢ An iron stain (Prussian blue) highlights the
haemosiderin-laden histiocyles. Prussian blue. High magnificauon.

Comment

Anaplastic carcinoma, malignant melanoma as well as
ALCL may present the same pleomorphism, including a
mixture of atypical spindle cclls and multinucleated giant
cells, as in pleomorphic sarcoma. Cytological features indi-
cating epithelial differentiation are small moulded groups
of tumour cells looking Jike ‘owls’ eyes’. The cellular popu-
lation in ALCL. although pleomorpbhic, is predominantly
made up of rounded cells with dark blue cytoplasm (MGG)
with the presence of Reed-Stiernberg-like cells. One excep-
tion is the sarcomatous variant of ALCL. Immunocyto-
chemistry is the best ancillary method to apply in the
differential diagnosis. The lymphoma cells are always
strongly positive for CD30 and in the majority of cases for
EMA. According to the literature up to 80% of ALCL are
ALK positive as well. Cytokeratins, HMB4S and Melan A,
are other useful antibodies in the differential diagnosis.
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Fig. 36. Dermatofibrosarcoma protuberans a Spindle cells forming
three-dimensional. cell-tight fascicles. HE. Low magnification.
b Siripped nuclei and a cytoplasmic background substance are often

Myxofibrosarcoma (Myxoid Type of MFH)

The typical clinical presentation of myxofibrosarcoma is
that of a subcutaneons tumour. Myxofibrosarcoma occurs
most commonly in the limbs of elderly patients (6080 years
of age) [86].

Histopathology

Low-grade malignant tumours are predominantly com-
posed of slighty atypical spindle and siellate cells while
high-grade sarcomas are pleomorphic showing marked cel-
lular atypia and multinucleated tumour cells. Lrrespective of
the malignancy grade, numerous thin-walled curvolinear
vessels are present in the myxoid background in fewer
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"

present. MGG. Low magnification. €. d The rumour cclls eahibit mild
pleomorphism. bland nuclear chromatin and small nucleoli. HE.
MGG. High magnification.

cellular areas. Tumour cells with vacuolated cytoplasm are
also found (pseudolipoblasts).

The appearance of myxofibrosarcoma in smears has been
reported in two series [28, 29].

Cytological features of myxofibrosarcoma (fig. 380—e)
Abundant myxoid background; macroscopically aspirates
often appear as droplets of haemorrhagic glue-like fluid
Dispersed celis, small cell clusters and cellutar aggregates
In low-grade tumours predominantly mildly atypical spin-
dle cells with a few scattered large rounded polygonal
celis



Some cells have a wvacuolated cytoplasm or contain
droplets of mucoid matcerial (blue-violet in MGG)
Marked nuclear pleomorphism in high-grade tumours
Fragments of curved vessels present in the myxoid back-
ground; few vessels in relation to cell clusters or aggre-
gates

Differential diagnosis
Intramuscular myxoma
Nodular fasciitis
Myxoid liposarcoma
Low-grade fibromyxoid sarcoma

Comment

The distinction between nodular fasciitis, intramuscular
myxoma and low-grade myxofibrosarcoma is most important
from the clinical point of view. The vascular architecture is one
discriminating cytological feature. In myxoma and in nodular
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Fig. 37. *Malignant (ibrous histiocytoma’. a A cellular cluster of
pleomorpbic umour cells. Note the marked variation in cell size.
MGG. Low magnification. b Typical plcomorphic appearance m a
smear of a ‘malignant fibrous histiocytoma®. HE. High magnifica-
tion. ¢ Milotic figures arc a common finding in high-grade malignant
tumours. MGG. High magnification.

fasciitis, no or only individual fragments of coarse vessels are
found in the myxoid background, while myxofibrosarcoma
frequently exhibits curved coarser vessel fragments best
observed in pancicellular areas.

IC is of limited value. S-100 protfcin positivity in
Jipoblast-like cells is a feature of myxoid liposarcoma.

The tumowr cells in myxofibrosarcoma are focally actin
positive and consistently vimentin positive.

Smooth Muscle Tumours

Benign smooth muscle tumours are infrequently needled.
Cutaneous leiomyoma as well as angioleiomyoma are. in our
expenence, seldom referred for FNA.

The very uncommon deep leiomyoma of soft tissue, how-
ever, is biopsied occasionally.
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Flg. 38. Myxofibrosarcoma. low and high grade. a Cell clusiers and
disperscd cells in a myxoid background. MGG. Low magnification.
b Mildly atypical spindle cells from a low-grade tumour. MGG. High
magnification. ¢ Cellular atypia is obvious in this high-grade tumour.
HE. High magnificalion. d, e Irrespective of grade, curved vessel
fragmenls in the myxoid background are an importani diagnostic
sign. HE. High magnification.



Leiomyosarcoma is one of the most frequent sarcomas
referred for FNA,

Benign Tumours

Deep Leiomyoma of Soft Tissue

This rare tumour is most common in the limbs and trunk.
It is a slow-growing, well-circumscribed tumour, often 5 cm
or more at dragnosis.

Histopathology

Deep leiomyomas are usually well-demarcated tumours
with a lobular pattern. They are composed of typical smooth
muscle cells. Hyalinization and a focally myxoid matrix are not
uncommon. Deep leiomyomas are difficult to differentiate
from low-grade leiomyosarcomas.

It has been stressed that tissue sections must be thoroughly
investigated for mitotic figures; a diagnosis of deep leiomy-
oma is considered incorrect even if individual niitotic figures
are found [87].

There are FNA smears from 5 cases of deep leiomyoma in
our material.

Cytological features of deep feiomyorna (fig. 390. b)
Clusters of loosely attached cells, small aggregates and
dispersed cells
A bluish-red background matrix (MGGQG) is often seen Iin
aggregates
Elongated nuclei; presence of blunt-ended. cigar-shaped
and truncated nuclei
Finely granular chromatin and small nucleoli
Preserved, dispersed celis have elongated grey or blue
cytoplasm (MGG)
Moderate anisocytosis and anisokaryosis
No mitotic figures
Differentiol diagnosis
Extra-abdominal desmoid
Low-grade leiomyosarcoma
Low-grade MPNST
Monophasic fibrous synovial sarcoma

Comment

Under low power the smear patterns of desmoid and
leiomyoma are remarkably alike but the collagenous stromal
fragments with degenerate nuclei, typical for desmoid, are
not present in leiornyoma, and typical smooth muscle cell
nuclei are not scen in desmoid. Smears from synovial sar-
coma are generally more cellular with larger, more cellular
aggregates, a more uniforma cell population, and the presence
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of mitoses. Cigar-shaped and/or truncated nuclei are not
present. Low-grade leiomyosarcoma is the most imporiant
diagnostic pitfall. Generally the tumour cells in leiomyosar-
coma have 4 coarser chromatin structure. The presence of
cven a single mitosis should discourage the cytopathologist
to diagnose a deep leiomyoma.

IC is of help in the differential diagnosis. A posilive reac-
tion with desmin or caldesmon or widespread pasitivity with
SMA indicates that the tumour is of smooth muscle origin.

Angiomvoma (Angioleiomyoma)

Angiomyoma is a subcutaneous tumour usually on the
limbs of middle-aged adults. It is typically a small tumour
(up to 2 cm), distinctly tender at palpation and painful at aspi-
ration. Angioniyomas are composed of smooth muscle cells
and thick-walled vessels.

Histopathology

Angiomyomas are well-circuniscribed tumours composed
of cells resembling smooth muscle cells. The cells are
intimately connecied with smooth muscle cells of the thick-
walled vessels, which are part of the tumour. The cells may
show moderate pleomorphism. Only one study on the cyto-
logical appearance of angiomyoma in FNA material has been
published [25].

Cytological features of angiomyomna (fig. 40a, b)
Moderate to poor yield
Predominantly dissociated cells, small sheets occasionally
present
Spindle-shaped cells, some with features of smooth
muscle cells
Rather uniform cells with finely dispersed nuclear chro-
matin and occasionally small nucleoli
Fragments of collagenous matrix with embedded spindle
cells occasionally present
Fat cells infrequencly Iincluded wich the spindie cell popu-
lation: presence of macrophages

Differentiol diagnosis
Nodular fasciitis
Neurilemoma
Fibrous histiocytoma
Granular cell tumour
Giomus tumour
Cutaneous cylindroma
Melanoma (spindle cell type)

Comment
None of the 10 cases in the published swudy [25] were cor-
rectly diagnosed. From a clinical point of view it is important
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Fig. 39. Deep leiomyoma. a A cluster of

looscly cohesive tumour cells with blunt- ‘
ended, benign-looking nuclei. and elongated

grey-blue cytoplasm. MGG. Low magnifica-

tion. b The uniform cigar-shaped nuclei and

the grey-blue cytoplasm are evident in

higher magnification. MGG. Intermediate

magnification.

that the cytopathologist correctly diagnoses an angiomyoma
as a benign tumour and excludes nodular fasciilis since most
cases of nodular fasciitis regress and therefore only a wailt-
and-see strategy is adopted. As regards rhe other benign enti-
ties in the differential diagnoses, surgical intervention. if any,
is the same. If smears are cellular or moderately cellular it
is possible to exclude granular cell tumour and cutaneous
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cylindroma, as the cellular features of these lesions are not
present in angiomyoma. Glomus fumours typically are sub-
ungual and composed of rounded cells. Neurilemoma is the
niost difficult pitfall as neurilemoma as well as angiomyoma
are panful at needling and the cellular composition of the
two entities is similar. [f material can be saved for 1C. staining
for desmin and S-100 is helptul.



Fig. 40. Angiomyoma. a A small group of
looscly cohesive uniform spindle-shaped cells
with mostly bluat-cnded nuclel. The cells are
wiform with regular nuclei. HE. High magni-
fcation. b Fragment of collagenous stroma
with individual rumour cells. HE. High
magnification.

Malignant Tumours

Leiomyosarcoma

Leiomyosarcoma is a common soft tissue sarcoma. All four
main clinical variants (retropcritoneal, subcutaneous-cutaneous,
deep-seated and originating from large veins) may be referred
for FNA. In our experience the subcutaneous-cutaneous or decp
subcutaneous tumours are most often needled.
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Histopathology

The typical partem is fascicles of spindle cells with
cosinophilic c¢ytoplasm and cigar-shaped, ovoid or rounded
nuclei. Nuclear segmentation and paranuclear vacuoles are also
features associated with leiomyosarcoma cells. Nuclei in tan-
dem position and nuclear palisading may also occur. The
sooma may be focally or extensively myxoid or hyalinized.
High-grade malignant leiomyosarcoma often extubits marked
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Fig. 41. Lciomyosarcoma, fascicular pattern. a Fascicolar frag-
ments of cohesive cells. Note the few dispersed large cells w the
background. MGG. Low magnification. b Moderately pleomor-
phic elongated. blunt-ended. cigar-shaped or truncated (arrows)

pleomorphism with the presence of multinucleated tumour
giant cells, admixture of osteoclast-like giant cells and necrosis.

In FNA smears three different patterns are present: pre-
dominantly fascicular, prcdominantly plcomorphic and
fascicular/pleomorphic. One series of the cytological-
histological correlation of leiomyosarcoma has been
published [30].

Cytological features of leiomyosarcoma, predominantly fascicular
paaern (fig. 4 1a—d)
Very variable yield; sarcomas with hyaline degeneration
difficult to aspirate
Fascicular fragmencs and cellular aggregates of cohesive cells
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nuclei. HE. High magnification. ¢ Nuclei in ‘tandem position’. HE.
High magnification. d Nuclei in ‘tandem position’. ThinPrep
preparation. Pap. High magnification.

Magenta-coloured or blue background matrix in cellular
aggregates and fascicles
Cytoplasmic borders indistinct in aggregaces and fascicles
Moderately pleomorphic elongated nuclei of which many
are blunc-ended., cigar-shaped and truncated; nuclei in ‘tan-
dem position’
Often coarse nuclear chromatin, nuclecli may be prominent
Variable presence of dispersed cells, often with large
hyperchromatic, degenerate stripped nuclei

Differential diognosis
Deep leiomyoma
Neurilemoma (especially ancient neurilemoma)
Desmoid fibromatosis
MPNST



Fig.42. Lciomyosarcoma, pleamarphic pai-
tern. 2 Marked cellular and nuclear pleomor-
phism with the presence of multinucleated
tumour cells with mainly rounded nucles.
HE. High magnification. b Immunocyto-
chemical staining with antidesmin may help
10 make a specific diagnosig of leiomyosar-
coma in a ¢asc of plcomorphic sarcoma. Cell
block prepararion. High magnification.

Comments

The cellular atypia is generally less marked in deep
leiomyoma. The presence of mitosis (even a single one)
suggests leiomyosarcoma. Neurilemoma is an important
pitfall as the spindle cell nuclel in some leiomyosar-
comas aspirates are thin, elongated, wavy or have pointed
ends. There is a nisk of mistakenly diagnosing desmoid
fibromatosis if the yield from a leiomyosarcoma is scanty.

[C is helpful in the differential diagnosis. Leiomyosar-
comas are negative for S-100 protein and extensive positivity
for desmin or caldesmon excludes desmoid. EM is also a valu-
able adjunct displaying filaments with focal densitics, pinocy-
tosis and external laminae.
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Cytological features of leiornyosarcoma; pleomorphic pattern
{ﬁg‘ 420} b)
Dispersed cells and cell clusters: few fascicular fragments
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Necrosis

Marked cellular and nuclear pleomorphism; multinucle-

ated tumour cells

Preserved cells often have abundant grey-blue (MGG) or

eosinophilic (wet-fixed smear) cytoplasm

Atypical spindle cells; variable amount of tumour cells of

‘smooth muscle type'

Variable numbers of rounded cells with atypical rounded

nuclei

Epithelioid-like celis

Osteoclast-like giant cells may be presenc
Differential diagnosis

Ocher types of pleomorphic sarcoma

Soft tissue metastasis of anaplastic carcinoma

Soft tissue metastasis of sarcomatous

melanoma

malignant

Comment

Scattered atypical spindle cells with cigar-shaped or blunt-
ended nuclei are present in most aspirates from pleomorphic
leiomyosarcoma. The rounded epithelioid-like cells. especially
when in small clusters, may be misinterpreted as carcinoma
cells.

[C is of help although focal positivity for keratin antibod-
ics may be seen in leiomyosarcoma. Focal positivity for
myoglobin (negative in leiomyosarcoma) is of help in the
differential diagnosis of pleomorphic rhabdomyosarcoma.
We have cases on file where electron-microscopic examina-
tion helped 10 establish the diagnosis of pleomorphic
letomyosarcoma.

Skeletal Muscle Tumours

Benign (rhabdomyoma) as well as malignant (rhabdo-
myosarcoma) skeletal musele tumours are generally uncom-
mon soft tissue tumours. Only very few cases are recorded in
the files of most cytology laboratories with the exception of
those collaborating with musculoskeletal tumour centres or
paediatric oncology centres in which FNA is part of the diag-
nostic workup.

Of the various rhabdomyonia entities, adult thabdomyoma
is the most commonly needled one.

Benign Tumours

Adult Rhabdomyoma

Adult rhabdomyoma is most comimon after the age of 40
and is typically found in the head and neck region. The
tongue and the floor of mouth are favoured sites.
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Histopathology

Aduilt rhabdomyomas arc composed of large rounded and
polygonal cells with abundant eosinophilic granular cyto-
plasm and small nuclei with prominent nucleoli. The cyto-
plasm is often vacuolated due to dissolved glycogen. Cross
stniation is focally present in most tumours and intracyto-
plasmic crystalline structures are found in many cases.
Immunohistochemically the cells stain for desmin, myoglo-
bin, and muscle-specific actin. S-100 protein positivity has
been described focally.

Adult rhabdomyoma in FNA smears has been described in
individual cases [88. 89).

Cyrological features of aduit rhabdomyomo (fig. 430, b)
Large elongated or rounded cells with abundant
eosinophilic cytoplasm (wet-fixed smear) and small nuclei
with prominent nucleoli
Stripped nuclei common
Granulated cytoplasm, cross striation rare (in spite of the
focal presence in tissue sections)
Cytoplasmic vacuoles

Differential diagnosis
Hibernoma
Granular cell tumour

Comment

The cytological fearures of adult rhabdomyoma corre-
spond well with those seen in tissue sections. Although
hibernoma cells in FNA smears are granulated and vacuo-
lated, they ar¢ generally smaller than rhabdomyoma cells and
display smaller cytoplasmic vacuoles. Cells of granular cell
tumour, which also often involves the tongue, have no cyto-
plasmic vacuoles.

1C is of diagnostic help. Diffuse S-100 protein staining is
typical for granular cell tumour, while desmin and myoglo-
bin are nicgative. If S-100 protein is expressed in rhabdomy-
oma it is present focally.

Malignant Tumours

Rhabdomyvosarcoma

During the last decade various suggestions have been made
as regards the classification of rhabdomyosarcoma. At present
four classifications are 11 use: the modified conventional clas-
sification, the International Society for Paediatric Oncojogy
Classification (SI1OP), the National Cancer Instilute
Classification (NCI) and the Intermational Classification of
Rhabdomyosarcoma (ICR) [90, 91]. Common to all are



Fig.43. Adultrhabdomyoma. a Large, cyto-
plasm-rich rounded and polygona) cells with
decp-bluc cytoplasm and mwltiple small
nuclei. MGG. High magnification. b A large
elongated rhabdomyoma cell with granulated
cytoplasm. MGG. High magnitication.

the three main ‘classic’ subtypes: embryonal, alveolar and
pleomorphic.

The NCI and ICR classifications stress that embryonal
rhabdomyosarcoma (all vanants) belong to a prognostically
favourable group while the alveolar type, including all rhab-
domyosarcomas showing ap alveolar pattern focally, are con-
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sidered prognostically unfavourable. Pure pleomorphic
rhabdomyosarcoma is an aggressive sarcoma in adults.

Embrvonal Rhabdomyosarcoma

Close 10 50% of all rhabdomyosarcoma are embryonal.
most common in children below the age of 10. The most
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conunon sites arc the head and neck regiou, genitourinary
tract and pelvis and retroperitoneum.

Histopathology

The histological pattern is very variable as regards both
cellularity, presence of myxoid areas and cellular pleomor-
plusm. The cellular composition is a blend of rounded or
spindly primitive cells and rhabdomyoblast-like cells, which
may be 1adpole-shaped, strap-shaped, triangular or rounded.
‘I'he predominantly paratesticular spindle cell variant of
embryonal rhabdomyosarcoma is principally composed of
eosinophilic spindle cells.

Practically all embryonal rhabdomyosarcomas stain for
desmin, muscle-specilic actin, MyoD1 and myogenin. The
cytological appearance of embryonal rhabdomyosarcoma has
been reported [40, 44].

Cyological feawres of embryonal habdomyosarcoma (fig. 44a—)
Variable presence of myxoid background matrix
Dispersed cells. cell aggregates and clusters of loosely
cohesive cells
Cellular pleomorphism
Predominance of primitive spindle cells or rounded cells
with rounded nuclei, or a mixture of both
Variable presence of cells with rhabdomyoblastic fea-
tures: tadpole-like, strap-shaped, ribbon-like or elongated
Eosinophilic (wet-fixed smear) or grey-blue (MGG) cyto-
plasm in rhabdomyoblasc-like cells
Variable tumour cell chromatin struccure; nucleoli may be
prominent

Differential diognosis
Desmoid fibromatosis
Alveolar rhabdomyosarcoma
Synovial sarcoma {monophasic fibrous type)
Leiomyosarcoma
Infantile fibrosarcoma

Comment

Smears of embryonal rhabdomyosarcoma composed
predominantly of primitive round cells with rounded nuclei
may resemble those of alveolar rhabdomyosarcoma. The
cells are, however, larger than those of the alveolar type
and anisocytosjs and anisokaryosis are more marked.
Smears of the spindle cell variant of embryonal rhab-
domyosarcoma may consisl almost exclusively of atypical
spindle cells and typical rhabdomyoblasts may be difficult
to find.

One diagnostic pifall is leiomyosarcoma. although this
tumour is rare in children. A positive desmin stain excludes
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non-myogenic spindle cell sarcoma and a positive staining
with MyoD1 or myogenin confirms skeletal muscle origin.
EM js also a valuable diagnostic asset.

Alveolar Rhabdomyosarcoma

About one third of all rhabdomyosarcomas belong to the
alveolar subtype. Alveolar rhabdomyosarcoma is most com-
mon between 10 and 25 years of age. The limbs are the
favoured site, but the trunk and head and neck region are also
COIMIMON Sites,

Histopathology

The dominant neoplastic cells are small- to medium-sized,
rounded, ovoid or pear-shaped with round or oval nucleus
and scanty cytoplasm. Nuclei are hyperchromatic, occasion-
ally with prominent nucleoli. Multinucleated giant cells with
peripherally located nuclei are a common finding in tissue
scetions.

Like embryonal rhabdomyosarcoma, the alveolar variant
is positive for desmin in practically all cases. The majority
stain for myogenin and MyoD1. Aberrant expression of
cytokeratin, NSE, S-100 protein and CD99 has been
described. A specific chromosomal aberration [t(2;13)
(q35:q14)] is found in almost all cases of alveolar rhab-
domyosarcoma, resulting in a fusion transcript between the
PAX3 and FKHR genes.

In many publications alveolar rhabdomyosarcoma has
been evaluated cytologically [39—43].

Eyzo?ogfcal features of olveolor rhabdomyosarcoma

(fig. 45a-g)
Often highly cellular smears
Dispersed cells and clusters of loosely cohesive cells
Many stripped nuclei, blue-grey background of smeared
cytoplasm
Preserved cells small- to medium-sized. rounded. ovoid or
pear-shaped with scanty cytoplasm: uniform cellular pactern
Coarse chromatin and often prominent nucleoll
Cytoplasmic vacuolation
Mitotic figures
Rhabdomyoblastic differentiation in variable proportion
of tumour cells; eccentric nuclei, eosinophilic (wet-fixed
smear) or grey-blue (MGG) cytoplasm
Occasionally multinucleaced tumour cells

Differentiof diagnosis
Ewing family of tumours
Neuroblastoma
Poorly differentiated synovial sarcoma
Small-cell malignant melanoma



Precursor lymphoma
Granulocytic sarcoma

Comment

Alveolar rhabdomyosarcoma is a true small round cell
malignancy and when definitive freatment is based on FNA
the cytological diagnosis should be supplemented with special
diagnostic methods. Our experience is similar to others in that
§C as well as EM are valuable diagnostic adjuncts. Cytogenetic
and molecular genetic analyses are promising diagnostic 100ls.

As pure alveolar rhabdomyosarcomas and all rhab-
domyosarcomas with a facal alveolar patiern are considered
therapeutically unfavourable neoplasms, it is clinically
important to correctly distinguish between alveolar and
embryonal rhabdomyosarcoma in FNA smears. There are
different opinions in regard to this subclassification. Our
experience corresponds with that of Atahan et al. [40] that i
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Fig. 44. Embryonal rhabdomyosarcoma. a A cluster of poorly cohe-
sive rounded, pleomorphic cells with rounded nuclei and prominent
nucleoli. MGG. High magnification. b Tadpole-like rumour cells.
MGG, oil. ¢ Pleemorphic spindle cells. MGG. High magnification.

is possible in most cases 1o subtype rhabdomyosarcoma in
embryounal and alveolar variants [92].

Pleomorphic Rhabdomyosarcoma

Pleomorphic rhabdomyosarcoma is the least common of
the rhabdomyosarcomas. Tt is a sarcoma usually found in
adults, most often in those older than 50 years. The majority
of cases arise in the limbs.

Histopathology

Pleomorphic rhabdomyosarcoma is a high-grade malig-
nant sarcoma exhibiting abundant marked cellular and
nuclear arypia cells. 1t is composed of atypical spindle cells
and large, often bizarre tumour eosinophilic cytoplasm.
Multinucleated tumour cells are also pant of the cellular
pattern. Pleomorphic rhabdomyosarcoma is a rare sarcoma
and only individual cases are represented in our files.
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Cytological features of pleomorphic rhabdomyosarcoma

(fig. 464, b)
Dispersed cells and cell clusters
Marked cellular and nuclear pleomorphism
Atypical spindle cells, large atypical rhabdomyoblast-like
cells with abundant eosinophitic cytoplasm (HE), multi-
nucleated twmour cells

Differential diognosis
Other types of pleomorphic sarcoma

Comment

Pleomorphic rhabdomyosarcoma and pleomorphic
leiomyosarcoma may exhibit quite a similar cytomorphology
in smears. As desmin is positive in both tumours, specific
skeletal muscle markers such as monoclonal myoglobin,
MyoD | and/or myogenin should be included in the antibody
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Fig.45. Alveolar rhabdomyosarcoma. a A cellular smear of dispersed
cells and cell clusters in a blue-grey background of dispersed cylo-
plasm. MGG. Low magnification. b lypical rhabdomyablasts. HE.
High magnification. ¢ MGG. High magnification. d. e Tmmuno-
cytachemistry. Strong desmin positivity (d) and strong MyoDl
nuclear posilivity (e) in a cel) block preparation. f EM examination.
Rhabdomyoblast at low magnification. g The typical filaments with
Z-bands arc evident at high magnification,

Fig. 46. Pleomorphic rhabdomyosarcoma. a. b Large pleomorphic.
cytoplasm-rich cells with feawres of highly atypical rhabdomy-
oblasis. HE. High magnification.

panel. The large atypical rhabdomyoblast-like cells are often,
at least focally, myoglobin positive.

Tumours of Peripheral Nerves

Among the various benign tumours and lesions of
peripheral nerves, neurilemoma (schwannoma) is the most
common in FNA-files. Neurofibromas are occasjonally
biopsied, especially in patients with von Recklinghausen's
disease and growing tumours which are referred with a ques-
tion of malignant transformation. Therc are individual reports
of FNA of the rare perineurioma. while case reports and a few
series of granular cell tumour have been published. MPNST
are infrequenty subjected to FNA, and many of those
needled are associated with von Recklinghausen’s disease.
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Benign Tumours

Neurilemoma (Schwannoma)

Neurilemomas occur in all age groups but are wmost
frequent in persons between 20 and 50 years of age. They
occur in any part of the body but the most common sites are
the limbs, the head and neck region. retroperitoneum and
posterior mediastinum.

Among the five major benign tumouwrs, lipoma, neurile-
moma, inframuscuwlar myxoma, desmoid fibromatosis and
haemangioma, neurilemoma is the second most frequently
aspirated after lipoma according to our files. The cyto-
morphology as reported [20-22] is predominantly based on
the evaluation of histological Antoni A areas in surgical
specimens.

Cyrolagical features of neurilemorna, Antoni A component

(fig. 47a-1)
Tumour fragments of different sizes with irregular bor-
ders;'pieces of a jig saw puzzle’
Few dispersed cells
Variable cellularity in fragments
The tumour cells in fragments have indisunct cytoplasm,
nuclei are embedded in a fibrillary background
Nuclear palisading variable
Typical nuclei are long and slender, comma- or
boomerang-shaped with pointed ends
Small rounded lymphocyre-like nuclei may be part of the
cell population
Moderate nuclear pleomorphism; bland chromatin struc-
ture
Occasionally Verocay-like bodies

Cytolagical features of neurilemoma, Antoni B component
Variable presence of myxoid background and cystic
degeneration
Mainly dispersed cells, few small tissue fragments
Inflammatory cells. histiocytes
Variable proportions of Antoni A and Antoni B features
are present in most samples of neurilemoma

Differential diagnosis
Spindle cell lipoma
Solitary fibrous tumour
Low-grade malignant MPNST
Leiomyosarcoma
Myxoid soft tissue tumours (cases with abundant myxoid
background matrix)
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Comment

The needling of most neurilemomas triggers a sharp pain,
often radiating along the nerve. This is a valuable diagnostic
sign but the same type of pain may be encountered when
needling other types of sofi tissue tumour situated close to a
nerve.

The most important pitfall is to misinterpret neurilemoma
aspirates as malignant, as MPNST or leiomyosarcoma. This
is above all the case with ancient neurilemoma [93, 94],
which exhibits marked anisokaryosis and hyperchromatic,
large nuclei. However, the large nuclei are degenerate with
typical large nuclear vacuoles, ‘kern-loch’, and it is usually
possible to find typical Antoni A fragmenis in the smears
(fig. 48a—c). IC is of diagnostic help. S-100 protein positivity
indicates a peripheral perve sheath tumour while positive
staining for desmin and/or smooth muscle actin indicates a
smooth muscle tumour. S-100 protein positivity is of no help
in the differential diagnosis between ncurilemoma and
low-grade MPNST. Usually the tumour fragments in
MPNST are homogenously cellular, the nuclear chromatin is
coarser and more hyperchromatic. The variant cellular
schwannoma is especially difficult to distinguish from low-
grade MPNST in smears [95]. However, cellular schwanno-
mas are always positive for S-100 protein in almost every
cell, while MPNST often stain focally or not at all.
Individual mitotic figures do not indicale malignancy.

Neurofibroma

Neurofibroma is less common in FNA matenial than
neurilemoma. Most patients referred have von Reckling-
hausen’s disease.

Histopathology

The stroma in neurofibroma is usually fibromyxoid but
may be collagenous or hyalinized. The lesiona) cells are
spindle-shaped with bent, wavy or comma-shaped slender
nuclei. Degenerate areas may show similar nuclear charac-
teristics as in ancient peurilemoma.

Neurofibroma is infrequently described in the cytological
literature [22].

Cyological features of neurofibroma (fig. 494, b)
Variable yield (due to the content of collagen)
Variable amount of myxoid background substance
Stripped nuclei
Dispersed cells and loose clusters
Spindle cells with elongated nuclei. mixture of cells with
Schwann cell characteristics (wavy, irregular nuclel, nuclei
with pointed ends) and fibroblast-like cells
Bland chromatin struccure
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Differential diagnosis
Neurilemoma with a predominant Antoni B component
Intramuscular myxoma
Solirary fibrous tumour
Spindle cell lipoma
Low-grade myxofibrosarcoma
Low-grade MPNST

Comment

Neurofibroma with abundant myxoid mattix may be
falsely diagnosed as a number of other myxoid neoplasms.
Neurofibroma with atypical cells may be misinterpreted as
low-grade malignant MPNST. Neurofibroma is a difficult
cytological diagnosis. [t is most commonly diagnosed as
‘benign myxoid spindle ce!l tumour’. A variable amount of
the spindle cells stains for S-100 protein.
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Fig. 47. Neunlemoma. a The typical appearance of nevrilemoma in 4
simedr under low power: variably cellular, varably sized tumour (mg-
ments. HE. Low magnification. b, ¢ The rumour cells have indislinet
cytoplasm and the nuclei are embedded in a fibrillary background.
MGG. High magnification. d A Verocay-like body. HE. Low magnifi-
cation. e EM preparation of an FNA biopsy from a neurilemoma in low
magnification. Cells with spindly nuclei connected by interdigitaring
ce)l processes. f Between the cells bundles of long spaced collagen.
Fig. 48. Ancicnt ncurilemoma. a Marked anisokaryosis. hyper-
chromatic nuclei. MGG. High magnification. b One of the nuclei
in this cluster shows a “kern-loch’. MGG. High magnification.
¢ Positive S-100 protein staining in an ancient neurilemoma. Cell
block preparation.

Granular Cell Tumour

Granular cell tumours occur in any age group, but are
most common in middle-aged peopie. They are rare in
children. They are more often subcutaneous than deeply
localized. The tongue is a fairly common site and granular
cell tumours in the breast are often needled in the diagnostic
workup of breast lesions. A comprehensive study of the cyto-
logical features of benign and malignant granular cell cumour
has been published {23].

Histopathology

Granular tumour cells are rounded, polygonal or spindly
with abundant eosinophilic, granular c¢ytoplasm. The nuclei
vary between small and dark or large and vesicular, A moder-
ate degree of nuclear atypia is not uncommon.
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Fig. 49. Neurofibroma. a Myxoid back-
ground in tumour fragmem composed ot
rounded and spindic-shaped cclls. MGG.
Low magnification. b Ofien, the tumour cell
population is dominated by fibroblast-like
cells. MGG. Medium magnification.
Cytologicol features of gronuiar cell tumour (fig. 50a—) Nuclei are mainly small, rounded. with finely granular
Individual celis and cells in cohesive clusters chromatin and small nucleoli
Stripped nuclei and cytoplasmic granular background A number of cells with larger nuclei with coarse chro-
commonly seen matin and large nucleoli is present in amost every case
Preserved cells are rounded, polygonal or spindly with  Differential diagnosis
abundant granular cytoplasm Hibernoma
Preserved cells have indistinct cytoplasmic borders Adult rhabdomyoma

Alveolar soft part sarcoma
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Comment

The granulated hibernoma cells resemble granular tumour
cells but in hibernoma smears there is most often a mixed
population of ordinary fat cells and hibemmoma cells, of
which many are vacuolated.

1C and EM of aspirated material give diagnostic clues when
rhabdomyoma or alveolar soft part sarcoma are diagnostic
altermatives. The granular tumour cells are positive for S-100
protein and NSE and have characteristic vltrastructural features,
i.¢. innumerable lysosomes filled with osmiophilic material,

Perineurioma

Perineurioma is a rare sofl tissue tumour, the cells of
which resemble perineurial cells of normal perineurium.
Cytopathologisis might come across the soft tissue (extra-
neural) perineurioma. The few cases reported have occurred
in adults, most cormmonly in the superficial soft tissues.
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Fig. 50. Granular cell umour. a A cluster of loosely cohesive cells.
The cclls are varably preserved. The cytoplasm is abundant and
panly dispersed in the background. MGG. Medium magnification.
b Rounded and polygonal cells with abundant cytoplasm and rounded
nuclel. HE. Medium magnificanon. € S-100 protein-positive cells in
a cell block preparation.

Due to its myxoid matrix perineurioma is one of the
numerous soft tissue rumour entities exhibiting an abundance
of myxoid background substance in FNA matenal and
tepresents a differential diagnostic alternative among the
myxoid soft tissue tumours.

Histopathology

Perineunioma is composed of slender spindle cells
arranged n fascicles or a storiform pattern. The cellularity
is variable as is the type of stroma. The stroma might be
prominently myxoid or more or less collagemzed. The
tumour cells have long, thin cytoplasmic processes.

Immunohistochemically the perineurioma cells are EMA-
positive like normal perineurial cells. They are S-100 protein
negative. Al clectron-microscopic examination slender clon-
gated cells with thin cytoplasmic processes containing pinocy-
totic vesicles are seen. The cells are invested witlh basal laminae.



The cytological features of perineurioma have been
described in a single case [96); the microscopic features
listed below are collected from that case report and our ind)-
vidual cases.

Cytological features of perineurioma (fig. 5 Ta—c)
Abundant myxoid background matrix
Variable cellularicy
Elongated cells with ovoid. fusiform or rounded nuclei
Many seripped nuclei
Intact cells have long, thin bipolar cytoplasmic processes
Moderate anisokaryosis
Uniform chromatin struccure
Scattered vessel fragments in the background matrix
Differentiol diagnosis
Neurilemoma with predominant Antoni B areas with
abundant myxoid background matrix
Neurofibroma
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Fig. 51. Perineurioma. a Dispersed and clustered tumour cells in a
myxoid background matrix. Perincurioma shares this appearance in
smears a1 low magnification with several other ‘myxoid’ soft tissuc
tumours. MGG. Low magmiicanon. b The elongated intact tumour
cells have long cytoplasmic processes and bland nuclei. HE. Medium
magnification. ¢ A group of perincurioma cells. The myxoid matrix is
more obvious in MGG-stained smears. MGG. Mediwn magnification.

Intramuscular myxoma
Low-grade myxofibrosarcoma
Fibromyxoid low-grade sarcoma

Comment

Aspirates from perincurioma arc most commonly diag-
nosed as ‘benign myxoid soft tissue wumours’ although the
cellularity and anisokaryosis might be misinterpreted as indj-
cating a low-grade myxoid sarcoma. A specific diagnosis of
perineurioma is most probably not possible without the help
of 1C and/or EM.

Mulignant Timnours

Malignant Peripheral Nerve Sheath Tumour

MPNST include those malignant tumours which arise
from the different cells of the nerve sheath (Schwann cells,
perincural cells, fibroblasts). 1t is estimated that MPNST
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constitute 5~10% of the soft tissuc sarcomas. The majority
originate from neurofibroma or arise in peripheral nerves.
Patients are usually adults, but MPNST may occur in chil-
dren and adolescents. Patients with neurofibromatosis have
an increased risk of developing MPNST,

MPNST more often arise from medium-sized and farge
perves than from smaller nerves. The thigh, buttock, upper arm,
brachial plexus and paraspinal nerves are the predominant sites.

Histopathology

The histological features of MPNS | are very variable. Most
appear as spindle cell sarcomas, more or less fibrosarcoma-
like. Fascicles. a whorled arrangement of cells or a storiform
pariern, are comsnon patterns under Jow power. Cellular fasci-
cles slternating with hypaocellular areas are a common finding.
The tumour cell is elongated and has a fusiform nucleus with
tpered or rounded ends. Wavy, buckled or comma-shaped
nuclei are typical features. Pleomorphic and mullinucleated
mmour cells arc found i o number of cases. Heterotopic
clements are present in 10-15% of tumours, most commonly
islands of mature bone and cartilage. Skeletal muscle and
glandular elements are rare.

Immunohistochemically, S-100 protein positivity is pres-
ent in berween 30 and 70% of tumours, the staining is often
focal and there may be a small number of positive cells.
CDS7 is reported to stain a large number of MPNSTs but
unfortunately other spindle cell sarcomas such as synovial
sarcoma and leiomyosarcoma may also be positive.

MPNSTs are characterized by many of the same ultra-
stiructural features as are seen in benign nerve sheath
tumours. Branching cytoplasmic processes containing
microtubuli and filaments are present as well as the coating
of cells with basal lamina. Long-spacing collagen is yel
another feature.

The literature on FNA cytology of MPNST is rather
extensive but mainly as reports of individual cases. Two
relatively large series of the cytomorphology of MPNST
have been published [33, 34).

Cytological features of MPNST (fig. 52a—d)
Dispersed cells and cell clusters or fascicles in variable
proportions maost COMMON patteri
A fibrillary background may be seen in clusters and
fascicles
Spindle-shaped cells with elongated. wavy or comma-
shaped nuclei predominate
Nuclei have tapered, pointed or rounded ends
Preserved cells often have thin bipolar cytoplasmic
processes
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Variable presence of pleamorphic and/or multinucleated
tmour cells
Nuclei hyperchromatic, often with prominent nudleoli
Heterotopic tissue rarely found
Epithefioid MPNST
Epithelioid MPNST features polygonal or rounded
epithel-like tumour cells
Differential diagnosis
Ancient neurilemoma
Cellular schwannoma
Leiomyosarcoma
Synovial sarcoma
Fibrosarcoma
Pleomorphic sarcoma of another lineage
Carcinoma metastasis (epithelioid MPNST)

Comment

The majority of MPNST are diagnosed as spindle cell
sarcoma or pleomorphic sarcoma with FNA. The cellular
features may suggest MPNST but a diagnosis may be difli-
cult, even with the help of adjunctive methods. 1C may be of
diagnostic help if S-100 protein is positive. The positivity in
MPNST is typically focal, extensive staining favours a cel-
[ular schwannoma. Negative staining with desmin, SMA and
muscle-specific actin excludes smooth muscle tumours and
negative staining with cytokeratin, EMA and CDY9 excludes
most synovial sarcoma.

EM may indicate a Schwann cell origin. Low-grade
MPNST may be misinterpreted as a neurilemomma. Although
the cellular pleomorphism may be marked in ancient
ncurilemoma, the large atypical, bizarre cells are not
numecrous and usvally the smears contain areas typical of
benign neurilemoma.

Mualignant Granular Cell Tumowr

Malignant granular cell tumours are extremely rarc.
Histopathological criteria of malignancy have been
proposed. but some malignam granular cell tumours cannot
be distinguished from benign ones. Features which have
been considered to suggest malignancy are necrosis, a pre-
dominance of spindly tumour cells, cellular pleomorphism,
prominent nucleoli and mitoses.

Vascular Tumours

Vascular tumours comprise a diagnostically difficult
group of soft tissue tumours. A substantial number of more
or less rare subtypes. benign, borderline and malignant, have
been defined clinicopathologically. However, cytological



Fig.52. MPNST. a A group of looscly cohesive. moderately atypical
cells with a fibrillary background. HE. Low magnification. b Spindie-
shaped cells with clongated nuclei with pointed ends or comina-
shaped Nate fibrillary background. HE. Medium magnificalion.

criteria for diagnosis are Jacking or incomplete in most types.
Many variants have so far not been described and for others
only individual case reports have been published.

Of the benign varicties, haesmangioma (subcutaneous and
intramuscular) is the one most often referred for FNA. [t has
been suggested that cytological criteria for a confident diag-
nosis of hacmangioma may be present in smears [97] but in
our experience, a suggested diagnosis of hacmangioma is in
the majority of cases an exclusion diagnosis supplemented
by clinical and radiographic findings.

Cytologicol features of haemangioma (fig. 530, b)
Haemorrhagic aspirates; the syringe may partially fill with
blood. even without aspiration
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¢ Variable nuclear pleomorphism. HE. High magnification. d Nuclei
in MPNST may have rounded ends similar to Ieiomyosarcoma. MGG.
High magnification.

Paucicellular smears
Small runs or groups of spindly cells in variable, often low
numbers
Intact cells have elongated nuclei with pointed ends and
thin cytoplasmic processes
Variable presence of histiccytes, including siderophages
Variable presence of fragments of adipose tissue with or
without vessel fragments

Differentiol diagnosis
Any benign soft tissue tumour, which is richly vascularized
and predominantly composed of spindie cells
Benign adipose tumours
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Fig. 53. Haemangioma. a A small group of
wnitorm spindly cells. MGG. Medium magni-
fication, b Capillary vessel fragments, an
unusual finding in smears (rom haeman-
gioma. MGG. High magnification. Ncither
a nor b are diagnoslic of haemangioma per se.

Comiment

A suggested diagposis of haemangioma is based on the
combined evaluation of the clinical investigation (haeman-
gioma in a limb usuvally increases in size during exercise and
decreases at rest), MRI imaging features, and the cytologi-
cal findings. A source for misinterpretation is the frequent
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presence of adipose tissue in haemangioma. The best way
to clinch a diagnosis of haemangioma is to prove that the
spindle cells are endothelial cells. As CD34 is positive in
a number of non-vascular spindle cell tumours, other endo-
thelial cell markers such as CD31 and factor VTIT must be
applied.



Malignant Tumours

Angiosarcoma
Angiosarcoma is typically a cutaneous tumour. less than
20% are diagnosed in the decp soft tissues.

Histopathology

Differentiated tumours are made up of irregular vascular
channels lined by endothelial cells of varying shapes, show-
ing pleomorphism and nuclear atypia. Clusters of tumour
cells are often multilayered and cell tufts and papillary
extensions are common. Obvious vascular channels may be
difficult to find in poorly differenniated angiosarcoma.
[ntracytoplasmic vacuoles contaioing individual or small
groups of erythrocyles may be the only sign indicating a
vasoformative tumour. A subset of angiosarcoma has large
and epithchoid tumour cells.

The majority of angiosarcomas stain for CD31, less often
for CD34, and only occasionally do the tumor cells stain pos-
itive for factor VIII. Up to half of epithelioid angiosarcomas
stain for cytokeralin and some for EM A, Electron-microscopic
examination may dcmonstrate endothelial differentiation
{Weibel-Palade bodies, pinocytosis and extcrnal laminac).

As in histological sections, the cellular composition of
angiosarcoma is very variable in smears including atypical
spindle cells, rounded and polygonal cells. binucleated cells,
vanable chromatin texture and nucleolar size, and a variable
amount of cytoplasm. Three relatively large series describ-
ing the cytological features of angiosarcoma have been
published [47-49].

Cytological features of angiosarcoma (fig. S4a—e)
Variable cell yield
More or less haemorrhagic aspirates
Dispersed cells, cell groups and cell aggregaces
Infrequently acinar-like structures with or without central
erythrocytes
A pleomorphic cell population is more common than a
predominant spindie cell population
Epithelial-like cells
Signet~ring-like cells with individual erythrocytes within a
cytoplasmic vacuole
Variable nuclear atypia

Differential diagnosis
Spindie cell sarcoma of various lines of differentiation
Pleomorphic sarcoma of various lines of differentiation
Malignant melanoma
Merastacic carcinoma
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Comment

The cell population of most angiosarcomas is recognized
as malignant in smears. A specific diagnosis of angiosar-
coma, based on the examination of routinely stained mate-
rial, is not often possible. Those cases where vasoformative
structures in the form of small acinar-like formations
with central erythrocytes or vacuolated cells with individual
erythrocytcs are found are an exception. As evident from the
cylopathological features, one very important pirfall is o
Inistake an angiosarcoma (especially epithelioid angiosar-
coma) for a metastatic carcinoma.

A reliable type-specific diagnosis requires an immunocy-
tochemical investigation with CD31 and factor VIII besides
CD34. The demonstration of cytoplasmic Weibel-Palade
bodies by EM is yet another method to confinm the endothe-
lial origin of the tumour cells,

Perivascular Tumours

Glomus twnour and haemangiopericyloma are consid-
ered to be examples of perivascular tumours. A diagnosis of
haemangiopericytoma of the deep soft tissues, pelvic region
and retroperitornieum can occasionally be suggested by FNA.
The concept that all haemangiopericytomas are examples of
pericytic tumours has, however, been debated. It has been
suggested that the sinonasal hacmangiopericytoma is com-
posed of cells resembling pericytes while a pericytic origin
has not been documented in haemangiopericytoma of soft
tissues and retroperitoncum. Several other soft tissue
tumours may have a haemangiopernicytoma-like microscopic
pattern, especially the vascular architecrure. Among the soft
tissue tumours with a haemangiopericytoma-like vascular
pattern the most iportant the cytopathologist should
consider are synovial sarcoma and solitary fibrous tumour

198. 99).

Glomus Tumour

Glomus tumours are generally small tumours, usually
less than [ cm. The most common site is the subungual
region of the fingers followed by other parts of the extrem-
ities, mostly wrist and foot. Glomus tumourts may, however,
appear in almost every part of the body. Patients are usually
young to middle-aged adults. Characteristically the glomus
tumours are painful; radiating paroxysmal pain and cold
intolerance are common. These tumours are rare largets for
FNA since the most common small painful subungual
wmours are almost never referred for needling. Individual
case reports of the ¢cytomorphology of glomus tumours have
been published [100].
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Fig. 54. Angiosarcoma. The cylological palterns of angiosarcoma in
FNA smears arc vanable. a A cluster of epithelial-like cells showing
mild o moderate nuclear arypia. HE. Medium magnification. b An
epithelial-like cluster of rightly crowded cells. Note nuclear mould-
ing. MGG. Medium magnification. ¢ A rather poor yield of dispersed
fmamour cells with abundant cytoplasm and rounded atypical nuclei
with prominem nucleoli. HE. Medium magnification. d. e Tumour
cells from a casc of cpithelioid angiosarcoma. Nole vacuolated cell in
e. HE. High magnification.



Fig.55. Glomus tumour. a A cluster of cclls
scparated by a myxoid fibrillary marrix.
MGG Medium magnification. b The tumour
cells have rounded. bland nuclei with abun-
dant. poorly defined cytoplasm. HE. Medium
magnification.

Histopathology

Glomus tumours are composed ot rounded uniform cells
with rounded uniform nuclei. They form sheets or clusters
swrrounding blood vessels. The stroma is hvalinized or myx-
oid. The cells stain for SMA and vimentin and in some
tumours focally for desmin.
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Cyrological feaures of glomus tumour (fig. 55a, b)

Variable yield, often haemorrhagic aspirates

Dispersed cells and cell cluscers

Variable amount of myxaid fibrillary background matrix
The lesional cells are of medium size with poorly defined
cytoplasmic borders and rounded or ovoid bland nuclei
with inconspicuous nucleoli
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Differential diagnosis
Angiomyorma
Epithelioid vascular neoplasms
Epithelial cumours

Commient

Needling of glomus tumours is, as in the case of neurile-
moma and angiomyoma, most ofien painful. In the common
sites such as the extremities, the diagnosis is facilitated by
clinical findings. In other sites glomus tumours may be dif-
ficult to distinguish from epithelial tamours and epithelioid
vascular neoplasnis. IC is of diagnostic help. Negative stain-
ing for cytokeratins and endothelial cell markers such as CD31
and CD34 together with positive staining for SMA suggests
the diagnosis.

Haemangiopericytoma of Sofi Tissue

Histopathology

These are usually macroscopically well-circumscribed
tumours. Cystic degeneration, haemorrhagic areas and
necrosis may be found. The typical microscopic pattern con-
sists of numerous, thin-walled often branching vessels. The
vascular pattern hias been likened to stag horns. The tumour
cells surrounding the vessels are often randomly arranged or
arranged in bundles or sheets. The cells have elongated,
ovoid or rounded nuclei and show a rather wniform chromatin
structure. The cell margins are indistinct and the mitotic
activity is variable. Tumour cell necrosis, a high rate of
mitoses and the presence of pleomorphic, atypical cells are
features indicative of malignancy. However, tumours with
bland cells and low mitotic activity may also metastasize.
The diagrosis of soft tissue hacimangiopericytoma is consid-
ered a diagnosis of exclusion when other soft tissue tumours
with a similar architecture have been ruled out. In about half
of (he haemangiopericytomas (ested, the tumour cells,
besides the endothelial cells, stain for CD34. Desmin, actin
and CD99 are negative. Ultrastructurally, the tumour cells are
fibroblast-like.

QOur files include FNA samples from a few umours con-
sidered to be histologically proven haemangiosarcomas after
exclusjon of synovial sarcoma and of solitary fibrous tumour.

Cytologicol features of hoemongiopericytoma (fig. 560—)
Often haemorrhagic aspirates, variable cellularity
Dispersed cells and cellular smail tissue fragments
Many suipped nuctei
A branching vascutar necwork seen in tissue fragments
Isolated branching vessel fragments with tumour cells
clustered on the vessel walls found occasionally
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Small- te medium-sized tumour cells with elongated, ovoid

or rounded bland nuclei

Short bipolar cytoplasmic processes in intact individual cells
Differential diagnosis

Synovial sarcoma

Solitary fibrous tumour

Comment

The diagnosis of haemangiopericytoma is as difficult in
FNA smears as in histological sections. It is mandatory to
exclude synovial sarcoma. which may have similar features
in routinely stained sniears. Due to the common CD34 posi-
tivity in both solitary fibrous tumour and haemangiopericy-
toma, the distinction befween these two fumours is
sometimes not possible cytologically.

Paraganglionic Tumours

Paraganglionic tumours are neurcendocrine tumours of
neural crest origin associated with the autonomic panglia.
The head and neck region (carotid body, vagal body, glomus
jugulare), mediastinum (aortic body) and retroperi-
toneum (organs of Zuckerkandl) are the sites of origin.
The cytopathologist is mainly involved in the diagnosis of
carotid body paraganglioma. Mediastinal and retro-
peritoneal paragangliomas are infrequently investigated
with FNA.

Histopathology

Paragangliomas have variable morphological features.
The most characteristic pattern is fumour cells arranged in
small rounded nests (zell ballen) surrounded by thin-walled
vessels. Cords or ribbons, rosette-like or gland-like struc-
tures are other patterns. The rumour cells are mainly rounded
or polygonal. epithelioid-like with abundant cyioplasm, but
spindle-shaped cells also occur. Anisokaryosis varies: a not
uncommon finding is scattered large, atypical cells within an
otherwise rather uniform cell population. The cyloplasm is
finely granular, but may be vacuclated or may contain
intranuclear inclusions. The tumour cells stain positively for
NSE and chromogranin and synaptophysin can be demon-
strated in most tumours. The most important ultrastructural
finding is the presence of small dense-core granules, meas-
uring 100200 nm in diameter.

Diagnostic criteria for malignancy in paraganglioma are a
debated issue. High mitotic activity. necrosis, marked
pleomorphism and vascular invasion have been proposed as
malignant features by some while others consider that
metastatic spread is the only reliable sign of malighancy.



Of all paragangliomas, the cytological features of carotid
body paraganglioma (chemodectoma) have been mosl
thoroughly investigated [101-103).

Cytological features of paraganglioma (fig. 57a, b)
Individual cells and clusters of loosely cohesive cells
Occasional gland-like or follicle-like groupings
Mainly rounded or polygonal epithelioid-like cells with
rather abundant cyroplasm
Moderate cellular and nuclear pleomorphism
Scattered large cells with large, hyperchromatic nuclei
Red cytoplasmic granularity (MGG), similar to thac of
medullary thyroid carcinoma

Differentiol diagnosis
Medullary thyroid carcinoma
Adenocarcinoma
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Fig. 56. Malignant haemangiopericytoma. a Branching highly
cellular tissue fragments associated with dispersed cells. Synovial
sarcoma may have the same appearance under low power. MGG. Low
magaification. b, ¢ The tumour cells are small 1o medium-sized with
ovoid or rounded bland nmuclei. MGG. High magnification.

Comment

Most tumours biopsied with FNA are carolid body para-
gangliomas in the neck. The main differential diagnosis in
thjs site is medullary carcinoma of the thyroid.

Malignant Tumaours

Malignam Paraganglioma

Cytological features favouring malignancy have not
been described. In histojogical sections, necrosis and mitotic
activity are probably the most useful of the critenia that have
been suggested to indicate malignancy.

Extragastrointestinal Stromal Tumours

Tumours with a phenotype similar to gastrointestinal stro-
mal tumours (GISTs) may arise in the omentum, mesentery
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Fig. 57. Pamaganglioma. a A cluster of
poorly cohesive cells. Abundant, fainly
granular cytoplasm and moderate aniso-
karyosis. MGG. Medium magnification.
b Nuclear plcomorphism may be prominent.
MGG. Medium magnification.

or in the retroperitoneum. They are uncommon but are
important differential diagnostic considerations versus other
mesenchymal tumours in those sites.

Histopathology
GISTs have a very variable morphology but usually one
of two patterns dominate: spindle cell and epithelioid. The
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two patterns may coexist in some tumours. The epithelioid
population is composed of round cells of varying sizes with
eosinophilic cytoplasm and rounded nuclei. Cytoplasmic
vacuolation may be seen; at times cells resembling signet
ting cclls arc observed. The epithelioid cells are mostly
arranged in groups or nests in a collagenous or myxoid
stroma. The spindle cell population consists of fusiform cells



with ovoid nuclei. The cells are arranged in fascicular bun-
dles or in a vaguely sioriform pattern. Nuclear palisading is
occasionally seen.

The tumours may be hypercellular and show marked
cellular atypia including multinucleated large tumour cells.
The main immunohjstochemical profile is a positive reaction
for c-kit (CD117) and CD34. CD) 17 is positive in almost all
cases and CD34 in about 50%. Some GISTs express SMA but
desmin is negative,

Ultrastructurally the wmour cells may display neural as
well as smooth muscle features. GISTs often express activity
mutations of the c-4if gene.

During recent years several articles on FNA of GISTs have
been published [104-106].

With FNA | as with histopathological evaluation, two main
patterns are identified: the spindle cell type and epithelioid
fype.

Cytological features of extragastrointestinal stromal tumour,
spindle celt type (fig. 58a—d)
Cellular smears
Cohesive clusters or fascicles of tightly packed cells
Stripped nuclei comnion
Nuclei spindly. ovoid, comma-shaped or cigar-shaped with
finely granular chromatin
Scanty cytoplasm, occasionally cytoplasmic processes
Cytoplasmic vacuoles occasionally seen

Cytologicol features of extragostrointestinal stromal turmour,
epithetlioid type (fig. 59a, b)
Both dispersed cells and cells in groups or clusters
Rounded. polygonal or ovoid cells with relatively
abundant cytoplasm
Rounded or ovoid nuclei
Cytoplasmic vacuolation common
Differentiol diagnosis
Leiomyosarcoma
Peripheral nerve sheath tumours
Carcinoma

Comment

It is very difficult or almost impossible to confidently dis-
tinguish GIST from smooth muscle and peripheral nerve
sheath (umours in routinely stained smears. The diagnosis of
GIST in fine needle aspirates should be based on the com-
bined evaluation of routinely stained smears and 1C (double
positivity of CDi17 and CD34 is an important diagnostic
sign). Mutational analysis of the c-kir gene in FNA aspirates
has been described [106].
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Primitive Neuroectodermal Tumours

Among the umours categorized as PNET, the ones most
important fo the cytopathologist are the neuroblastoma and
the refated ganglioneuroblastoma and ganglioneuroma, and the
extraskeletal tumours of the ES/PNET family. Tumours of the
ES/PNET family have a variable morphology and immunophe-
notype. The common denominator is their cytogenetic aberra-
ton, 1{11;22)(q24;q12). Several investigators have found this
translocation or variants thereof, also involving 22ql2 (the
EWS gene) in about 90% of turnours investigated

Neuwroblastoma

Neuroblastoma is the most common extracranial solid
malignant tumour in children. Ninety percent are diagnosed
before the age of 5 years. As neuroblastoma and ganglioneu-
roblastoma originate in symphathetic ganglia, they are
moslly found in a paramedline position. The retroperitoneum
is the most frequent site followed by the mediastinum and the
sacral region. Not infrequently, the initial diagnosis of a neu-
roblastoma is made with FNA of a metastatic deposit.
Metastases are most commonly found in bone, lymph nodes,
liver ang skin.

Histopathology

The neuroblastoma is a typical example of the ‘small
round cell tumour’ of childhood. Neuroblastomas are com-
posed of ill-defined lobules of tumour cells bordered by thin
fibrovascular septa. The tumour cells have rounded or irreg-
ular nuclei with finely granular, clumped chromatin.
Nucleoli are inconspicuous. There is a variable amount of
intercellular fibnllary materal (neuropil) of neuritic cell
proccsses. Rosette-like structures with a central core of fib-
rillary material are a typical feature (Homer-Wright
rosettes). In undifferentiaied neuroblastoma the fibrillary
matrix may be missing while large ganglion cell-like celis
are present in more mature tumours. Positive immunostain-
ing for NSE, chromogranin and synaptophysin is a common
Ninding, but staining for chronogranin and synaptophysin
may be ncgative in undifferentiated tumours, Ultrastruc-
turally, neuritic processes with neurotubules and uniform
dense-core granules are characteristic features. The cytolog-
ical fealures of neuroblastoma have been studied in several
cases [45, 46].

Cyrological features of neuroblastoma (fig. 60a—d)
Most commorly a cell-rich yield
Cells both in clusters or groups and dispersed
Cells often embedded in a fibrillary background
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Fig. 58. Extragastrointestinal stromal tumour. spindle cell wype.
a Under low power magnification there are both cellular tissue
fragments and dispersed cells. HE. Low magnification. b Nuclei are
spindle-shaped, ovoid or comma-shaped with bland chromatin. MGG.

Cells often arranged in an Indian file patcern or in small
moulded clusters

Variable presence of rosecte-like structures with a central
fibrilary core

Tumour cells have irregular. hyperchromatc nuclel and
uni- or bipolar cytoplasm with slender processes

Cells often have anastomosing cytoplasmic processes
Depending on the degree of differentiation there is 2 vari-
able presence of triangular or polyhedral ganglion cell-like
cells with abundant cytoplasm and rounded nucleolated
eccentric nuclei

Differential diognosis

78

Alveolar rhabdomyosarcoma
ES/PNET family of cumours
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High magnification. ¢ The spindle-shaped nuclei may be difficult to
distinguish from smooth muscle cell nuclei. HE, oil. d Positive stain-
ing with CDI 17 is necessary to confirm the diagnosis of extragas-
troimtestinal stromal aumour. CD1 17 on cell block preparation.

Precursor lymphoma/acute lymphobtastic leukaemia
Wilms® tumour

Comment

In a study of 19 neuroblastomas from our files, we found
the most common combination of cytological features to be
newropil, moulded clusters and anastomosing thin cyloplas-
mic processes [46]. Rosettes and cytoplasmic processes are
absent or rare in undifferentiated or poorly differentiated
neuroblastoma.

IC and EM are helpful in the diagnosis. NSE staining may
be focally positive and chromogranin and synaptophysin
negative in undifferentiated neuroblastoma.



Fig. 59. Exiragastrointestinal stromal tumour,
round cell type. a A cluster of cpithelial-
like rounded cells with relatively abundamt
cytoplasm and rounded nuclei. MGG, Medium
magnification. b Cells from round cell type
of GIST. HE. oil.

Ganglionewroblastoma

Ganglioneuroblastoma is characterized by the presence
of differentiating ganglion cells besides the typical small
cells [107].

Ganglioneinroma
There arc few reports on the cytopathology of
ganglioneuroma in FNA samples [[07]. The typical finding
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is a double cell population of large ganglon cells and
neurilemoma-like tissue fragments (fig. 61a—¢).

ES/PNET Family of Tumours

The majority of patients are adolescents or youog adults.
The most common sites are the extremities and the chest
wall but tumours have been reported arising in Jung, genital
organs, kidney and subcutis.
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Fig. 60. Neuroblastoma. a A highly cellular smear of clustercd and
dispersed cells. Note roselte-ltke structure (arrow). MGG. Low
magnification. b Neuroblastoma cclls in smears are often arranged in
an Indian file pamern and/or in moulded clusters. MGG. High

Histopathology

The histological features of these tumours vary with the
degree of neuroectodermal differentiation. However, a lobu-
lar or trabecular pattern with richly vascularized fibrous
septa is the most common. Classic ES cells (the least differ-
entiated) have a pale cytoplasm and rounded or ovoid bland
nuclei with finely granwlar chromatin and inconspicuous
nucleoli. In more differentiated tumours (PNET) the cellular
pleomorphism may be more marked, the nuclear chromatin
coarser and the nucleoli prominent. Rosentes with a fibrillary
centre and perivascular pseudorosettes may be numerous.
The so-called ‘atypical ES’ is characierized by larger cells
and more prominent anisocytosis and anisokaryosis (han the
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magnification. ¢ A typical rosette-like structure with ceniral neuropil.
HE. Medium magnification. d The wumour ¢ells ofen have thin cyto-
plasmic processes, connceting one ccll to another. MGG. High mag-
nification.

classic ES. Cytoplasmic glycogen is typically found in ES,
less so io PNET. Immunobistochemically, a positive staining
for CD99 {s common 1o all variants. In addition, there 1s a
spectrum from only vimentin positivity (classic ES) to the
presence of various neuroecctodermal antibodies such as
NSA. chromogranin and synaptophysin  (PNET).
Ultrastructurally, there is, as with immuunohistochemical
stainings, a spectrum of features, depending on the differen-
tiation: a paucity of organelles and large glycogen deposits in
ES, an increasing presence of neurotubules and neurosecre-
tory granules and cell processes in PNET. The cytology of
classic ES as well as arypical ES and PNET has been quite
extensjvely studied jn individual cases and series [108-113].
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Fig.&1. Ganglioncuroma. a Ganglion cell. HE. High magnificaiion.
b Neurilemoma-like umour fragments. HE. Medium miagnificaton.
c It may be possible to calch the fwo tissue components in the same
field. MGG. Medium magnification.

Cytological features of conventional ES (fig. 62a, b) Cytological features of peripheral neuroeaodermal turmour (fig. 64)

Highly cellular yield as a rule

Cells both clustered and dispersed

Stripped nuclei and cytoplasmic background common
Double cell population; large cells with abundant fragile
cytoplasm with vacuoles or clear spaces and rounded
bland nuclei with inconspicuous nucleoli (large, light cells):
small cells with irregular dark nuclei and scanty cytoplasm
(small, dark cells); the dark cells are often arranged in
small moulded groups within the cell clusters

Cytological features of atypical ES (fig. 63)

Cellutar and nuclear pleomorphism more marked than in
conventional ES

Typical large light cells less numerous than in conven-
tional ES

Some cells with thin cytoplasmic processes

Rosette-like structures with more or less evident fibril-
fary centre
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Similar pattern as in atypica! ES but numerous cells with
cytoplasmic processes

Large light cell minority

Rosette-like structures

Differential diagnosis

Alveolar rhabdomyosarcoma

Neuroblastoma

Precursor lymphoma/acute lymphoblastic leukaemia
Poorly differentiated synovial sarcoma
Desmoplastic small round cell tumour

Comment
Smecars from conventional ES are very similar in alf cases.

Pleomorphism is more marked in PNET, and the cells may be
more neuroblastoma-like. The distinction between conven-
tional ES, atypical ES and PNET is not of decisive clinical
importance as in most centres all varietes are treated alike.

8i



63

Fig. 62. ES/PNET family of tumours. Conventional ES. a A cell-
rich smear of uniform small rounded cells with rounded nuclei.
HE. Low magnification. b The two diagnostically important cell
types are shown in this field: large light cells (long arrow) and
small dark cclls (short arraw), best visualized in MGG. MGG.
High magnification.

The presence of a double cell population has also been
described in histological sections. Although the ‘small dark
cells’ are regarded as degenerate cells by most investigators, this
feature js an important diagnostic sign in cytological matenial.

IC and EM arc both valuable adjunctive diagnostic meth-
ods (fig. 4a, b, 65). CD99 should not be used as a single anti-
body as it is not specific for the ES/PNET family (table 2).

The cytogenetic/molecular genetic analysis is, in our opin-
ion, the most imporiant ancillary method. The presence of
t(11;22)(q24;q12) and/or the fusion transcript between
the EWS/FLI1 genes indicate that the tumour in question
belongs to the ES/PNET family. FISH of the common EWS
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Fig. 63. ES/PNET family of rumours. Atypical ES. The cellular and
nuclear pleomorphism is more marked than in conveniional ES.
MGG. High magnification.

Fig. 64. ES/PNET family of tumours. Rosette-like structure in
PNET; structures like this may alsa be present in arypical ES. HE.
High magnifiecation.

breakpoints is another method, well suited for FNA material
(66]. h has to be remembered, however, that rearrangements
of the EWS gene also occur in desmoplasic small round cell
fumour (DSRCT), clear cell sarcoma and myxoid hposar-
coma. The two latter tumours present no differential diag-
nostic problems as their cytology is quite different from that
of ES/PNET. but DSRCT may be a diagnostic pitfall in
retroperitonal tumours, especially when the yield is poor and
the typical double cell population is absent.

FISH should be supplemented with IC in the differential
diagnosis berween ES/PNET and DSRCT. Due to the poly-
phenotypic immunoexpression in DSRCT cytokerating,

62b
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Fig. 65. One critcrion common to mours in the ES/PNET family
is posilive slaining with CD99. CDY9 immunostaining on cell block
preparation,

Fig. 66. Exiraskeletal ostecosarcoma. a Large. often rounded,
pleomorphic wmour cells with rounded nuclei. MGG. Medium

EMA. desmin and NSE should be part of the antibody panel
besides CD99. CD99 has becn reported to be focally positive
in DSRCT.

In our experience the combined use of electron-microscopic
examinartion and molecular genctic analysis gives the optimal
diagnosnc information. FNA samples are more suitable for
PCR and FISH than for conventional karyotyping [64, 66].

Osseous Tumours

Osteosarcoma of Soft Tissue
Extraskeletal ostecosarcoma 15 a rare sarcoma in muiddte-
aged and old adults. It is extremely rare in children and
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magnification. b [ntercellular strands of osteoid (arrow). MGG. High
magnification. ¢ Mitotic figures (arrow) are observed in most cases
if smears are rich in cells. MGG. Medium magnification,

adojescents. The most frequent site is the legs, less frequently
the pelvis, retroperitoneum and arms. Most tumours are deep-
seated. Radiographic examination may reveal calcified areas.

Histapathology

Extragkeletal osteosarcoma is a pleomorphic sarcoma
resembling the pleomorphic sarcoma of the MFH type. The
clue 1o the diagnosis is the presence of osteoid produced
by the wmour cells. The osteoid is usually seen as narrow
bands in a lace-like pattern encircling the tumour
cells. Extraskeletal osteosarcoma may contain areas of neo-
plastic cartilage or the tumour cells may be mainly spindle-
shaped resembling fibroblastic conventional osteosarcoma.

&3
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The cytological features of extraskeletal osteosarcoma have
been described in one series [114].

Cytological features of extraskeletal osteosarcoma (fig. 66a—)

84

Variable yield, variably haemorrhagic samples

Dispersed tumour cells and cell clusters

Malnly large, rounded, triangular or polygonal highly acyp-
ical cells with abundant cycoplasm

Often eccentric nuclei and variable presence of 2 para-
nuclear clear ‘hof’

Bi- and multinucleated tumour cells

Mitoses, occasionally acypical

Thin scrands of an intercellular matrix often present in
cell clusters

Often admixture of osteoclast-like giant cells

Atypical spindle cells dominate in the fibroblastic variant
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Differential diagnosis
Other histotypes of pleomorphic soft tissue sarcoma
Skelewal osteosarcoma

Comumnent

Most extraskeletal ostcosarcoma present as obviously
high-grade malignant pleomorphic sarcomas in FNA sam-
ples. Exceptions are the rare fibroblastic and small cell vari-
ants. The typical cxtraskeletal osteosarcoma resembles
skeletal osteosarcoma in FNA smears. Clinical data apd
radiographic examinations are of importance to certify that
the tumour in question is extraskeletal. In our opinion the
intercellular matrix represents osteoid [L15]). We have
found that staining for alkaline phosphatase as well as
ostconectin and osteocalcin are helpfu) diagnostic adjuncts
in the cytological diagnasis of skeletal osteosarcoma [ 1 15].



Chapter 5

Tumours of Uncertain or Unknown

Origin

Benign and Borderline Tumours

Intramuscular Myvxoma

Intramuscular myxoma is a benign, relatively rare soft
tissue tumour probably derived from modified fibroblasts,
which produce glucosaminoglycans forming hyaluronic acid
but sparse collagen. Although the tumour is infrequently
needled. it is of interest to the cytologist as it can easily be
mistaken for low-grade myxoid sarcoma of various types.
Intramuscular myxoma is seen in adults, most commonly
between the ages of 40 and 70. Typical sites are the thigh,
shoulder region and upper arm. Clinically it presents as a
deep-seated, fairly circumscribed, firm to fluctuant, mobile
mass. The intramuscular myxoma is a benign tumour with an
extremely low recurrence rate after surgery.

Histopathology

It is a paucicellular tumour, which has an abundant myx-
oid, poorly vascularized stroma.

The tumour cells have characteristically slender long cyto-
plasmic processes and bland nuclei. Elongated cells as well
as triangular cells are found. Macrophages with abundant
vacuolated cytoplasm are often found among the tumour
cells. The myxoma often infiltrates the surrounding striated
muscle, and myxoma cells and atrophic muscle fibres are
intermingled in the border zone. The FNA appcarance of
intramuscular myxoma has been described in individual case
reports and in one serics [24].

Cytological features of intramuscular myxoma (fig. 67a—)
Aspirates consist of droplets of colourless, stringy, glue-
like fluid
Prominent myxoid background matrix (best visualized in

MGG)

Tumours of Uncertain or Unknown Origin

Individual, scattered vessel fragments may be seen in the
background
Dispersed cells as well as small cellular aggregates or
clusters
Tumour cells have elongated ovoid or rounded uniform,
bland nuclei and long slender cytoplasmic processes
Scattered large rounded, polyhedral or triangular cells
with abundant vacuolated cytoplasm and rounded para-
central nuclei often found, corresponding to the
macrophage-like cells in histological sections
Variable presence of large multinucleated atrophic muscle
fibres (‘muscle giant cells’)

Differential diagnosis
Myxoid neurilemoma
Deep-seated nodular fasciitis
Ganglion
Myxoid liposarcoma
Low-grade myxofibrosarcoma
Low-grade fibromyxoid sarcoma
Extraskeletal myxoid chondrosarcoma

Comment

Important cytological features typical of intramuscular
myxoma are a myxoid background poor in vessels, and bland
cells with long, thin cytoplasmic processes. The paucity of
vessels or vessel fragments speaks against myxoid liposar-
coma and myxof{ibrosarcoma.

The uniform cells with long cytoplasmic processes are not
typical of fasciitis, neurilemoma, ganglion or myxofibrosar-
coma. The vacuolated cells may resemble lipoblasts but their
nuclei are not scalloped.

Ancillary diagnostic methods are of little value in the
differential diagnosis.

In 1998 Nielsen ct al. [116] suggested the term ccllular
myxoma for cases of intramuscular myxoma with areas

)



of increased cellularity and hypervascularity. Another term
proposed for these lesions is ‘myxoid lesions with potential
for recurrence’ [1].

We found such cases in our FNA material (fig. 68a, b).
They are difficult to distinguish from low-grade myxo-
fibrosarcoma and low-grade fibromyxoid sarcoma due to
the presence of cellular areas in the smears and of vessel
fragments like those typical of myxofibrosarcoma. The
FNA findings in one such lesion have been reported [117].
Another myxoma variant, which may bc a diagnostic pitfall,
is the juxta-articular myxoma. These tumours arise in the
vicinity of the large joints and at histological examination
resemble classic intramuscular myxoma. The main diff-
erential diagnosis in the cytological praxis is a ganglion.

Ossifving Fibromyxoid Tumour
This rare soft tissue tumour, first described in 1989 [118],
is predominantly a tumour of adult life. It is a subcutaneous
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Fig. 67. Intramuscular myxoma. a Clusters of poorly cohesive cells
and individual cells in an abundant myxoid background matrix. There
are no vessel fragments. MGG. Low magnification. b The cell popu-
lation consists of predominantly spindly, uniform cells. MGG.
Medium magnification. € The cells typical of intramuscular myxoma
have fusiform or ovoid bland nuclei and long. slender cytoplasmic
processes. HE. High magnification.

tumour, most commonly found in the extremities, although it
has appeared in other sites such as the trunk and the head and
neck region. The clinical behaviour is in most cases that of a
benign tumour. However, rare cases have shown metastatic
potential and in 1995 Kilpatrick et al. [119] reported
6 tumours, which they considered ‘atypical” or malignant. The
histogenesis of ossifying fibromyxoid tumour (OFMT) is
debated, but schwannian differentiation has been suggested.

Histopathology

The typical OFMT is a well-circumscribed multilobated
tumour with a fibrous capsule. It is composed of rather uni-
form rounded, ovoid or spindle-shaped cells within a stroma,
variably myxoid and collagenous. The tumour cells have
pale or cosinophilic cytoplasm and vesicular nuclei with
small nucleoli. The rounded cells have an epithelioid appear-
ance. [n the majority of OFMT a more or less complete shell
of mature, lamellar bone is present within the fibrous capsule.



Fig. 68. Ccllular myxoma (‘myxoid lesion
with potential for recurrence’). a At low
magnification conventional intramuscular
myxoma and cellutar myxoma arc remark-
ably alike. MGG. Low magnification. b In
cellular myxoma, the cell population is mod-
erately plcomorphic and includes rounded
tumour cells. The distinction between cellu-
lar myxoma and low-gradc malignant
myxofibrosarcoma may be difficult in FNA
smears. MGG. Medium magnification.

The bone component may extend into the tumour mass.
Immunohistochemically, the tumour cells express S-100 pro-
tein in 60- 70% of cases together with positivity for SMA in
about 50%. Ultrastructurally, whorls of cytoplasmic interme-
diatc filaments, short fragments of cxternal laminac and
interdigitating ccll processcs arc found.

The cytology of OFMT has not yet been completely inves-
tigated. The cytological appearance has been described only
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in individual cases [120]. We have studied FNA smears of
I case of OFMT.

Cytological features of OFMT (fig. 69q, b)

Variable amount of myxoid matrix and variable cellularity
Dissociated cells, cell clusters and acinar or rosette-like
structures
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Fig. 69. OFMT. a Small clusters of poorly
cohesive rounded cells. MGG. Low magni-
fication. b The cells have rounded. at times
paracentral nuclei and relatively abundant
cytoplasm. MGG. High magnification.

Rounded, ovoid nuclei, at times paracentral, in a rather Extraskeletal myxoid chondrosarcoma
abundant cytoplasm Epithelioid smooth muscle tumours
Mild nuclear pleomorphism Thyroid neoplasms (head and neck tumours)
Differential diagnosis
The differential diagnosis includes tumours with a Comment
fibromyxoid stroma and epithelioid-like cells It is probably very difficult or impossible to obtain suffi-
Epithelioid nerve sheath tumours cient material for evaluation from an OFMT with a more or
Chondroid syringoma, mixed tumour of soft tissue less complete shell of lamellar bone. Double positivity for
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S-100 protein and SMA is of diagnostic help and together with
negative staining for cytokeratins, desmin and caldesmon
should exclude mixed tumour and smooth muscle tumour.

FM examination is probably thc best method to cxclude
extraskeletal myxoid chondrosarcoma with regard to the
paracentral whorls of intermediate filaments.

Mixed Tumour and Mvoepithelioma of Soft Tissue

The occurrence of mixed tumour/myoepithclioma in soft
tissue was suggested in 1997 [121]. These tumours were
found mainly in the extremities of middle-aged adults,
subcutaneously as well as in the deep soft tissue.

Histopathology

The tumours have the same microscopic features as pleo-
morphic adenoma of salivary glands or chondroid syringoma.
They have a well-defined epitheial component and stain pos-
itively for cytokeratins, EMA (variably) and S-100 protein.
Staining for SMA and GFAP has been recorded in some cases.

Two cases have been registered in our files.

Cytological features of mixed tumour of soft tissues (fig. 70a, b)
Abundant myxoid background
Tumour cells in rows, clusters or groups; glandular
arrangement of cells rare
Tumour cells variably spindle-shaped or rounded
epithelioid-like

Differential diagnosis
Chondroid syringoma
OFMT
Extraskeletal myxoid chondrosarcoma
Parachordoma

Comment

The cytological features of chondroid syringoma and
mixed tumour of soft tissue are remarkably alike. Cytokeratin
and S-100 positivity does not help in the differential diagno-
sis against parachordoma. When cytokeratin is expressed
together with SMA and/or GFAP, however, IC is of diagnos-
tic help versus extraskeletal myxoid chondrosarcoma (EMC),
OFMT and parachordoma.

Parachordoma

Parachordoma is a very rare benign soft tissue neoplasm of
uncertain origin. It was first described in 1951. The largest
serics reported appearcd in 1997 [122]. The reason to include
this infrequent tumour is that in cytological practice para-
chordoma is an important differential diagnosis to extraskeletal
myxoid chondrosarcoma and mixed tumour of soft tissue.
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Parachordoma is a tumour of adult life; most are situated
in the deep soft tissues of the extremities. The tumour has a
potential for local recurrence.

Histopathology

Parachordomas are composed of nests, cords, chains and
acinar-like structures of tumour cells embedded in a variably
myxoid or hyaline matrix. The tumour cells are predominantly
rounded, epithclioid, with insignificant atypia, but foci of
spindle-shaped cells or vacuolated physaliferous-like cells are
often found. The immunohistochemical profile has been
described in 4 cases [122]. Parachordomas express vimentin,
S-100 protein and high- molecular-weight cytokeratins. The
tumour cells show primitive cell junctions and microvillous
projections at electron-microscopic examination. Few cases
have been studicd by cytogenctic methods; specific aberrations
have not been found.

It has been debated whether parachordoma is a peripheral
chordoma or a variant of mixed tumour/myoepithelioma of
soft tissue. However, based on the different immunopheno-
types between parachordoma and chordoma, especially with
regard to the cytokeratins [123] and no definitive support for
myoepithelial or epithelial differentiation, parachordoma is
considered to be a specific entity.

One case of primary parachordoma and one of a local
recurrence are registered in our files.

Cytological features of parachordoma (fig. 7 1a, b)
Abundant myxoid background
Tumour cells both dispersed and arranged in groups,
cords and runs
Rounded, polygonal and elongated cells with fairly abun-
dant cytoplasm; some cells have a vacuolated cytoplasm
Rounded and ovoid bland nuclei, eccentric nuclei in vacuo-
lated cells
Moderate cellular pleomorphism

Differential diagnosis
EMC
Mixed tumour/myoepithelioma of soft tissue
Low-grade myxofibrosarcoma
Low-grade fibromyxoid sarcoma

Comment

The most important differential diagnoses are EMC and
mixed tumour of soft tissue.

IC is of help in the differential diagnosis. In parachor-
doma the double positivity for cytokeratins and S-100
protein is typical. EMC very rarely marks for cytokerating
and only in 30-40% of cases for S-100 protein. Although
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Fig. 70. Mixcd tumour of soft tissue. a A
three-dimensional tissue fragment composed
of cells embedded in a myxoid matrix. HE.
Low magnification. b The chondromyxoid
matrix is evident in MGG-stained smears.
The myxoid matrix and the constitutional
cells in this case resemble the pleomorphic
adenoma of the salivary gland. MGG.
Medium magnification.

both parachordoma and mixed tumour of soft tissue stain for
S-100 protein and cytokeratins, parachordoma does not
express SMA or GFAP. Cytokeratin positivity also excludes
myxofibrosarcomas and fibromyxoid sarcomas. Further-
more, low-grade myxofibrosarcoma and fibromyxoid
sarcoma are mainly composed of spindle cells exhibiting

slight atypia.
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Malignant Tumours

Desmoplastic Small Round Cell Tumour

Although this relatively rare malignant neoplasm has
been reported to arisc in various anatomical sites such as the
parotid gland, thoracic region and CNS. the overwhelming
majority of cases are found in the abdominal and/or pelvic



Fig. 71. Parachordoma. a A tight cluster of
rounded and polygonal cells embedded in an
abundant myxoid matrix. Many cells have
an abundant, clear or vacuolated cytoplasm.
MGG. Medium magnification. b The tumour
cells are moderately pleomorphic. MGG.
High magnification.

peritoneum. Young males are most often affected. Most
patients are between 15 and 35 years of age.

DSRCT is a highly malignant polyphenotypic neoplasm
of unknown histogenesis.

Histopathology
Nests and groups of small to medium-sized cells are seen
within a fibrous, vascularized stroma. Central necrosis is not
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uncommon in larger nests. The tumour cells have scanty
cytoplasm and rounded hyperchromatic nuclei with small
nucleoli. Foci of rhabdoid tumour cells with relatively
abundant cytoplasm and paranuclear inclusions may be
found.

The typical immunohistochemical profile i> expression
of cytokeratins, EMA. desmin and NSE. The cytokeratin
and desmin positivity often appears as perinuclear dots.
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Fig. 72. Desmoplastic small round cell
tumour. a Tumour cells in an epithelial-like
arrangement. An acinus-like  structure
(arrow) and Indian files. MGG. High magni-
fication. b The tumour cells are small to
medium-sized with rounded nuclei and scant
cytoplasm. The chromatin is finely granular.
MGQG. High magnification.

Ultrastructurally the most striking finding is perinuclear
cytoplasmic whorls of filaments.

A specific cytogenetic abnormality has been reported in
DSRCT, t(11;22)(p13;q12) involving the EWS gene on
22ql2 and the WT1 gene on 11pl3. Recently a polyclonal
anti-WT1 antibody, detecting the WTI protein, has been
tested with promising diagnostic results [124].
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The cytomorphology of DSRCT has been described in a
series of 4 cases and in reports of individual cases [125-127].

Cytological features of DSRCT (fig. 72a, b)
Tumour cells arranged in loosely cohesive clusters or in
epithelial-like groups



Small to medium-sized rounded or ovoid tumour cells

with scant cytoplasm

Rounded or ovoid nuclei with finely granular chromatin

and small nucleoli

Clusters of fibroblast-like stromal cells may be found
Differential diagnosis

ES/PNET

Alveolar rhabdomyosarcoma

Small cell carcinoma

Malignant mesothelioma

Non-Hodgkin's lymphoma

Comment

As the typical pattern in biopsy material (cell nests in
a fibrous stroma) is difficult to appreciate in FNA smears
(co-existence of small malignant cells and fibroblast-like
cells in smears from an abdominal tumour may suggest the
diagnosis), ancillary tests should be done before a definitive
diagnosis is made.

The typical polyphenotypic profile (cytokerating, EMA,
desmin and NSE) is a valuable diagnostic adjunct. DSRCT
has been reported to express CD99 in a number of cases. The
WTI antibody has not yet, to our knowledge, been tested in
cytological material.

Ultrastructurally, paranuclear whorls of filaments are not
found in ES/PNET, mesothelioma or lymphoma. Thick and
thin filaments and Z-bands as in alveolar rhabdomyosarcoma
are not seen in DSRCT.

Regarding cytogenetics and molecular genetics, the
t(11;22)(p13;q12) is an important diagnostic aid in relation to
carcinoma, mesothclioma, alvcolar rhabdomyosarcoma and
fymphoma. However, FISH of the common EWS breakpoint
does not discriminate between ES/PNET and DSRCT.
Although DSRCT is a rare tumour, it is always an alternative
differential diagnosis when FNA smcars from large intra-
abdominal masses in younger males show a malignant small
cell population.

Malignant Extrarenal Rhabdoid Tumour

It has been debated whether malignant extrarenal rhab-
doid tumour of soft tissuc exists as a specific clinicopatho-
logical entity originating from multipotential, primitive cells,
or whether cells with rhabdoid morphology are part of the
cell population in a number of malignant tumours with a
proven line of differentiation. Examples are various carcino-
mas, malignant melanoma, rhabdomyosarcoma, leiomyo-
sarcoma, synovial sarcoma and desmoplastic small round
cell tumour. The current opinion, however, is that extrarenal
rhabdoid tumour of soft tissue should be regarded as a
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specific entity in cases with a predominant rhabdoid mor-
phology and no specific line of differentiation.

Histopathology

Rhabdoid morphology includes large polygonal cells
with paracentral nuclei, vesicular chromatin, large nucleoli
and acidophilic and PAS-positive hyaline inclusions in an
abundant cytoplasm.

Ultrastructurally the inclusions correspond to paranuclear
masses composed of whorls of intermediate filaments. The
immunophenotype is, to some extent, similar to that of
DSRCT. Extrarenal rhabdoid tumours express cytokeratins,
vimentin and ncuroectodermal antibodies such as NSE, but
not desmin.

A few reports on the cytological features of malignant
extrarenal rhabdoid tumour in FNA have been published
[128, 129]. Our own expericnce corresponds with the cases
reported.

Cytological features of extrarenal rhabdoid tumour (fig. 73a, b)
Cell clusters and dispersed cells
Mainly medium-sized to large rounded, triangular or
polygonal cells with abundant cytoplasm
Large rounded or bean-shaped nuclei with prominent
nucleoli
Paranuclear cytoplasmic globular inclusions, grey-blue in
MGG, faintly acidophilic in HE

Differential diagnosis
Rhabdomyosarcoma
Epithelioid sarcoma
Malignant melanoma
Poorly differentiated synovial sarcoma
Undifferentiated large cell carcinoma

Comment

Tt is not difficult to diagnose extrarenal rhabdoid tumour
as a high-grade malignant neoplasm in FNA smears.
However, for a specific diagnosis to be made, other malig-
nancies, which may be partly composed of tumour cells with
rhabdoid morphology, have to be excluded.

Alveolar Sofi Part Sarcoma

This uncommon sarcoma, first described in 1952, is
estimated to account for up to 1% of soft tissue sarcomas.
In spite of its rarity it is of interest as an alternative differ-
cntial diagnosis to more frequent tumours such as granular
ccll rumour and metastasis of renal carcinoma.

Alveolar soft part sarcoma is mainly found in adolescents
and young adults. In children the tavoured site is the head
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Fig. 73. Malignant cxtrarcnal rhabdoid
tumour. a A tight cluster of rounded or poly-
gonal cells with relatively abundant cytoplasm
and rounded nuclei. HE. Medium magnifica-
tion. b Individual cells are triangular with
ceeentric nuclel and abundant cvtoplasm.
There is an indistinct grey-blue cytoplasmic
globular inclusion (arrow). MGG, oil.

and neck region, including orbit and tongue, and in adults the
most frequent site is the legs and buttocks.

Histopathology

Alveolar soft part sarcoma is charactcristically lobulated
and composed of groups or sheets of cells divided by
fibrous septa. An organoid pseudoalveolar pattern is
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common. The stroma is rich in sinusoidal-like vascular
channels. Individual tumour cells are typically large,
rounded or polygonal with abundant cytoplasm. Nuclei are
rounded with prominent nucleoli. The cytoplasm is mostly
granular and in the majority of tumours contains charac-
teristic rod-shaped or rhomboid crystals, which are
PAS-positive.



Reported results of immunohistochemical staining are
contradictonary. However, in most series, a variable posi-
tivity for vimentin, muscle-specific actin, SMA and desmin
has been recorded while cytokeratins, EMA and S-100 pro-
tein are negative. Electron-microscopic findings are similar
in the different cases. Numerous mitochondria, glycogen
deposits, a well-developed Golgi apparatus and characteristic
crystals with a lattice-like pattern have been described.
A specific diagnostic cytogenetic aberration has not been
found.

The histogenesis of alveolar soft tissue sarcoma is not
clear. Skeletal muscle differentiation is the most favoured
hypothesis. The cytological features of alveolar soft part sar-
coma have been investigated in a few publications [50, 51].
The cytopathology of the 2 cases in our files is similar to
published reports.

Cytological features of alveolar soft part sarcoma (fig. 744, b)
Haemorrhagic samples
Cells in clusters and dispersed
Stripped nuclei and a cytoplasmic background substance
are common
Intact cells are epithelioid, large, rounded or polyhedral
The cytoplasm is often granular
Binucleated and multinucleated cells are not uncommon
Rounded nuclei with prominent central nucleoli
The rod-shaped crystals are rarely identified

Differential diagnosis
Renal cell carcinoma
Paraganglioma
Granular cell tumour
Rhabdomyoma

Comment

In our opinion, granular cell tumour is the most impor-
tant differential diagnosis. Both tumours commonly exhibit
stripped nuclei, which are rounded with a central prominent
nucleolus. In both tumours intact cells have granular cyto-
plasm.

Granular cell tumours are typically S-100 protein-positive
and desmin- and SMA-negative.

Ultrastructurally granular cell tumours are characterized
by large autophagic granules.

Epithelioid Sarcoma

Epithelioid sarcoma is a distinctive clinicopathological
entity occurring mainly in the extremities and especially in
the distal parts, in adolescents and young adults, Epithelioid
sarcoma is rarely found in the trunk or in the head and neck.
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It is located in the subcutis or in the deeper soft tissues.
Subcutaneous tumours typically present as slow-growing,
firm nodules. The nodules often became ulccrated. Deep-
seated lesions involve tendons, tendon sheaths and fasciae in
an infiltrating manner.

Histopathology

There is a nodular arrangement of tumour cells, often
with central necrosis. Aggregates of lymphocytes, plasma
cells and histiocytes surround the tumour noduli. The stroma
is variably collagenous and hyalinized. The sarcoma cells are
pleomorphic, ranging from large rounded or polyhedral
epithelioid forms to plump spindle-shaped cells. The
cytoplasm is eosinophilic (mainly the epithelioid cells) or
may contain intracytoplasmic lipid droplets. The nuclei
are rounded, ovoid or spindly with more or less prominent
nucleoli.

A ‘proximal’ type of epithelioid sarcoma has been
described; in this variety cells with rhabdoid featurcs
dominate [130].

The tumour cells stain for low- and high-molecular-
weight cytokeratins, EMA and vimentin in the majority of
cases. The immunoreactivity may be focal in a specific
tumour and the degree of positivity varies between different
tumours. About 70% stain for CD34 while S-100 protein,
CD3! and factor VIII are negative. The most striking ultra-
structural finding is paranuclear masses or whorls of inter-
mediate filaments. Desmosome-like junctions may be seen.

Various abnormalities have been described in the limited
number of tumours that have been cytogenetically investi-
gated, but no specific aberration of diagnostic significance.

Due to the subcutaneous location, the nodularity, central
ulceration and the inflammatory cell infiltrate one important
differential diagnosis is a benign granulomatous lesion.
Other differential diagnoses include epithclioid MPNST,
malignant melanoma, epithelioid angiosarcoma and squa-
mous cell carcinoma.

There is at present no consensus as regards the origin of
epithelioid sarcoma. Fibroblastic, histiocytic, synovial and
myofibroblastic origins have ben proposed. The cytological
features of epithelioid sarcoma have been investigated in a
series of 9 cases and in case reports [55, 56].

Cytological features of epithelioid sarcoma (fig. 75a—c)
Variable numbers of sarcoma cells
Both cellular clusters and dispersed cells seen in abundant
smears
Necrosis
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Fig. 74. Alvcolar soft part sarcoma. a
Numerous stripped nuclei are a common fea-
ture in FNA smears. Note the faintly stained
cytoplasmic background substance. MGG.
Medium magnification. b The nuclei have
prominent nucleoli. HE. High magnification.

Medium-sized to large rounded, polygonal or spindle-shaped
tumour cells with variable amount of fragile cytoplasm
Rounded ovoid or fusiform nuclei with large nucleoli
Admixture of variable numbers of lymphocytes, plasma
cells and histiocytes

Differential diagnosis
Benign granulomatous lesions
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Malignant melanoma
Sarcomas with epithelioid-like tumour cells
Squamous cell carcinoma

Comment
The most striking phenomenon recorded in the few
cases in our files was the difficulty to aspirate a



sufficiently cellular yield for thorough examination. The
most important pitfall is to mistake an epithelioid sarcoma
for a benign inflammatory (granulomatous) lesion. In
scanty smears the inflammatory cells may dominate and
the few tumour cells may be mistaken for epithelioid histio-
cytes. [t smears are abundant, a diagnosis of malignancy is
the rule.

Extraskeletal Myxoid Chondrosarcoma

EMC is a rare distinct entity, estimated to represent less than
3% of soft tissue saromas. It is a sarcoma mainly of middle-
aged adults but sporadic cases occur in children. Typical sites
are extremitics (cspecially proximal parts), limb girdles and
trunk. The majority of tumours are deep-seated. EMC is
considered to be of chondroblastic origin, but it has recently
been proposed that a proportion of EMC have neuroendo-
crine features [131].
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Fig. 75. Epithelioid sarcoma. a FNA smears from epithelioid
sarcoma may be paucicellular including inflammatory cells and
scattered tumour cells. MGG. Low magnification. b A group of
medium-sized tumour cells with rounded or ovoid nuclei and poorly
defined cytoplasm. MGG. Medium magnification. ¢ Better preserved
tumour cells have epithelioid features such as well-defined dense
cytoplasm and rounded nuclei. Without clinical information and
immunocytochemisiry a diagnosis of epithelioid sarcoma is hardly
possible based on routine smears. MGG. High magniflication.

Histopathology

Characteristically, EMC is a multilobular well-circum-
scribed tumour with a pushing tumour margin. The cells
are arranged in branchingx strands, rings or ball-like
clusters embedded in an abundant myxoid matrix. In clas-
sic EMC, cells are rounded or elongated with a moderate
amount of cytoplasm and rounded or ovoid nuclei. The
nuclei have finely dispersed chromatin and small nucleoli.
There are also spindle-shaped cells with clongated
nuclei.

Chondroblastoma-like bean-shaped or indented nuclei
may also be present.

A subset of EMC is characterized by hypercellularity,
scant myxoid stroma and tumour cells which are cither small
with rounded nuclei and scant cytoplasm or large with
rhabdoid-like morphology. EMC has no distinct immuno-
histochemical profile. S-100 protein-positive tumour cells
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have been demonstrated in 20-75% of cases in different
series. Staining is often focal.

EMA is positive in up to 25% and neuroendocrine dif-
ferentiation (NSE and synaptophysin) has been described
in a number of cases. Staining for cytokeratin is negative
in the majority of tumours and SMA and desmin are
negative.

Ultrastructurally, cells of classic EMC are enclosed in a
fibrillary matrix. The cytoplasm has short projections and
typically exhibits prominent Golgi zoncs and dilated rough
reticulum, often filled with granular material associated with
numerous mitochondria. Neuroendocrine differentiation in
the form of neurosecretory granulae is present in a small
number of cases.

The cytogenetic analysis has revealed a characteristic
translocation 1(9;22)(q22;q12). This translocation involves
the EWS gene at 22¢12 and the CHN gene at 9q22. The cyto-
logical features of EMC have been described in a small series
and in case reports [ 132—134].

The published cases are all examples of classic EMC.
One case in our files showed signs of neuroendocrine
differentiation [134].

Cytological features of EMC (fig. 76a—d)
Abundant myxoid background
Variable arrangement of tumour cells: clusters, branching
strands, cell balls and dispersed cells
Often a central core of branching capillaries in the ciusters
Cells are variably rounded, elongated and fusiform
Nuclei are rounded, ovoid or thin, spindle-shaped
Chondroblastoma-like nuclei with nuclear folds or inden-
tations (coffee bean nuclei) are often observed
Differential diagnosis

Classic EMC

Intramuscular myxoma

Mixed tumour of soft tissue

Myxoid liposarcoma

Low-grade myxofibrosarcoma

Low-grade fibromyxoid sarcoma

Parachordoma
Solid, hypercellular EMC

ES/PNET

Poorly differentiated synovial sarcoma

Comment

IC is of limited value as S-100 protein positivity is
present in less than 50% of tumours. A broad panel of anti-
bodies is, however, helpful to exclude epithelial, neuro-
ectodermal and schwannian differentiation.
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Electron-microscopic examination is a uscful diagnostic
cytological examination [68].

Synovial Sarcoma

Synovial sarcoma accounts for 5—10% of soft tissue sar-
comas. It can occur at any age including childhood, but
is most common in young and middle-aged adults. The
majority arises in the extremities and trunk, and more than
90% are deep-seated.

Histopathology

Therc arc four main histological typcs: monophasic
fibrous, biphasic. monophasic epithelial and poorly differen-
tiated (focally or entirely) [135]. The monophasic fibrous and
biphasic subtypes are the most common ones, the monopha-
sic cpithelial subtypc is uncommon.

Most of the cells are either spindle-shaped, uniform with
scanty cytoplasm and ovoid bland nuclei or fibrosarcoma-like
with fusiform nuclei. Three morphological variants of the
poorly differentiated subtype have been described. One has
high-grade malignant spindle cells with hyperchromatic
nuclei and enlarged nucleoli. Another type is composed of
large epithelioid cells, at times with rhabdoid features. with
rounded nuclei and prominent nucleoli. Finally there is a small
cell variant with scant cytoplasm and rounded bland nuclei
resembling the cells of the ES/PNET family of tumours.

Immunohistochemically, most synovial sarcomas stain
positively for cytokeratins (CK7 and CK19) and EMA. The
staining may be focal, and both cytokeratins and EMA
should be used as some tumours stain only for EMA and vice
versa. More than half are positive for CD99 and Bcl-2
protein positivity has been reported in 70-90% of tumours.
Up to a third stain for S-100 protein.

Important ultrastructural features include junctions or
desmosome-like structures, and small pseudoglandular
spaces bordered by short microvilli.

The majority of synovial sarcomas, including poorly
differentiated tumours, share a distinct chromosomal aber-
ration, 1(X;18)(pll;qll.2). The translocation involves the
SYT gene on chromosome 18 and the SSX gene family on
the X chromosome. There are two major gene fusions,
SYT/SSX!1 and SYT/SSX2. According to two reported
series of tumours, the SYT/SSX2 variant is biologically
more aggressive than the SYT/SSXI variant [136, 137].

The cytological features of synovial sarcoma have been
evaluated in some series of tumours and in numerous case
reports. Above all the monophasic fibrous and biphasic vari-
ants have been investigated [35-38]. Individual case reports
describing the cytological features of poorly differentiated
synovial sarcoma have been published [138]. Recently we



had the opportunity to study FNA smears from 37 primary
synovial sarcomas [I39]. including 6 cases of poorly
differentiated tumours. The cytomorphology of our cases
essentially agreed with reported series.

Cytological features of monophasic and biphasic synovial
sarcoma (fig. 77a-g)
Cellular yield
Both dispersed cells and branching tumour tissue frag-
ments of tightly packed cells
A central core of branching capillaries often present in the
tumour fragments (haemangiopericytoma-like pattern)
Many stripped nuclei
Small acinar-like structures in biphasic tumours
Relatively uniform rounded or ovoid medium-sized cells
with rounded, ovoid or elongated nuclei
Bland nuclear chromatin and inconspicuous nucleoli
Mitotic figures (including atypical) common in tumour
fragments
Variable admixture of mast cells
Rarely myxoid background substance

Cytological features of synovial sarcoma with poorly
differentiated morphology
A similar pattern of dispersed cells and tumour tissue
fragments as in monophasic and biphasic tumours
Small rounded cells with scanty cytoplasm and rounded
bland nuclei
Spindle-shaped cells with fusiform atypical, hyperchro-
matic nuclei
Large cells with rounded nuclei, prominent nucleoli and
abundant cytoplasm, occasionally with rhabdoid features
(eccentric nucleus, cytoplasmic inclusion)
Differential diagnosis
Solitary fibrous tumour
Malignant haemangiopericytoma
Fibrosarcoma
MPNST
Poorly differentiated variant
ES/PNET family of tumours
Alveolar rhabdomyosarcoma
Malignant rhabdoid tumour
Tumours with poor cell yield
Desmoid fibromatosis

Comment
Typical cellular smears of the synovial sarcoma are read-
ily recognized as sarcoma. If the yield is highly cellular with

Tumours of Uncertain or Unknown Origin

a typical pattern of cellular tissue fragments and dispersed
cells, the main differential diagnosis is between haeman-
giopericytoma, solitary fibrous tumour, and monophasic
synovial sarcoma. If the smears are paucicellular showing
only small runs or clusters of spindle cells, it is difficult to
distinguish the tumour from other spindle cell neoplasms
such as desmoid fibromatosis.

IC may not be diagnostically helpful in view of the occa-
sionally very focal staining for cytokcratins and EMA. FISH
and/or RT-PCR are the most effectivc adjuncts in the diagnosis
of the poorly differentiated type. Furthermore, with RT-PCR
it is possible to diagnose the type of gene fusion [65].

Clear Cell Sarcoma

Clear cell sarcoma, also called malignant melanoma of
soft parts, is a malignant soft tissue tumour showing
melanocytic differentiation. 1t occurs most frequently in
young adults, but has been reported in children and in the
elderly. The most frequent sites are the lower extremities
(foot, knee and thigh) followed by the hand and wrist region.
It is seldom reported in the trunk or in the head and neck.
Clear cell sarcoma is usually a deep-seated lesion related to
tendons and fasciae.

Histopathology

Clcar cell sarcoma is usually a lobulated tumour, which
has a typical histological pattern. The sarcoma cells are
usually arranged in groups, nests or elongated packages
surrounded by bands of fibrous tissue. They are medium-
sized or large cells, variably rounded, polygonal or spindly
with rounded, ovoid or fusiform nuclei. There is generally
a moderate degree of nuclear pleomorphism, the cyto-
plasm i1s more often eosinophilic than clear, and the nucle-
oli are large and prominent. Multinucleated tumour giant
cells with a wreath-like arrangement of nuclei are present
in a number of tumours. Cytoplasmic melanin pigment is
occasionally seen in routine stains and more than half of
the tumours stain positively for melanin stains.

Immunohistochemically, the majority of clear cell sarco-
mas stain positively for S-100 and HMB45. Positivity for
Mclan A is also found. EM cxamination revcals pre-
melanosomes and melanosomes in many tumour cells. About
three fourths of clear cell sarcomas display a chromosomal
aberration t(12;22)(q13-14;q12-13) involving the ATF/ gene
on chromosome 12 and the £WS gene on chromosome 22.

The cytology of clear cell sarcoma in FNA samplcs
has been recorded in a small scries of cases [52]. The cytol-
ogy seen in the cases in our files agrees with published
descriptions.
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Fig. 76. Extraskcletal myxoid chondrosarcoma. a In this case the smear
is dominated by branching strands of loosely cohesive tumour cells. HE.
Low magnification. b The myxoid matrix is best visualized in MGG.
Small groups of rounded tumour cells are embedded in the matrix.
MGG. Medium magnification. ¢ Balls of tightly packed cells may be a
typical feature and may resemble acinar structures in a mucinous carci-
noma metastasis. MGG. Medium magnification. d The tumour cell pop-
ulation may focally consist of spindle cells. HE. Medium magnification.
Fig. 77. Synovial sarcoma. a The typical pattern under low power is
a combination of dispersed cells and highly cellular branching tumour
tissue fragments, HE. Low magnification. b Tumour cell nuclei in
many cases of synovial sarcoma are relatively small, uniform, ovoid
or rounded with bland chromatin and inconspicuous nucleoli. HE, oil.
c Biphasic synovial sarcoma exhibifing an acinus-like structure.
MGG. lligh magnification. d The wmour cells may be spindle-
shaped and in these cases the differential diagnosis versus MPNST is
difficult. HE. Medium magnification. e Cytokeratin-positive cells in
a cell block preparation. f EMA is considered as a reliable marker for
the epithelial differentiation in synovial sarcoma. Cell block prepara-
tion. g Poorly differentiated synovial sarcoma. Cellular and nuclear
pleomorphism is marked. MGG. High magnification.
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Fig. 78. Clear cell sarcoma. a A loosely cohesive cluster of tumour
cells depicting a variable shape, rounded. clongated and polygonal.
MGG. Medium magnification. b Prominent large nucleoli in many of
the tumour cells. MGG. High magnification. ¢ 8-100) protein-positive
tumour cells. Immunostaining, cell block preparation.

Cytological features of clear cell sarcoma (fig. 78a—c) Comment
Mainly dispersed cells, but clusters of loosely cohesive As clear cell sarcoma is a deep-seated tumour, the dis-
cells may be present tinction from primary melanoma is based on the tumour site.
Tumour cells are rounded, polygonal or spindly Clear cell sarcoma infiltrating the subcutis/cutis may be dif-
Moderately abundant cytoplasm ficult to distinguish from desmoplastic melanoma, and soft
Rounded or ovoid nuclei with large nucleoli tissue metastasis of meclanoma is another pitfall. HMB45
Moderate cellular pleomorphism and Melan A positivity is not seen in MPNST.

Occasionally scattered multinucleated tumour cells
Rarely pigmented tumour cells

Differential diagnosis
Melanoma (especially desmoplastic melanoma and
metastatic melanoma)
MPNST
Carcinoma
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Chapter 6

-------------------------------------------

---------------------------------------------------------------

Cytological Classification of Soft
Tissue Tumours Based on the
Principal Pattern

The majority of soft tissue tumours can be classified into
one of the following five groups.

Pleomorphic Pattern

The typical features are a marked variation in cellular and
nuclear size and shape and in case of sarcoma marked
nuclear pleomorphism including atypical multinucleated
tumour cells and prominent nucteoli.

Benign soft tissue tumours in this category are nodular
fasciitis and pleomorphic lipoma.

Typical examples of sarcomas are pleomorphic sarcoma
of the MFH type, pleomorphic leiomyosarcoma, pleomor-
phic liposarcoma and the less common pleomorphic MPNST
and pleomorphic rhabdomyosarcoma.

Diagnostic pitfalls in this group arc the pleomorphic
malignant melanoma, anaplastic large cell carcinoma and
ALCL (table 7).

Spindle Cell Pattern

The spindle cell patiern is characterized by a predomi-
nance of more or less atypical spindle cells with fusiform
or ovoid nuclei and elongated uni- or bipolar cytoplasm.
The cells are mostly arranged in sheets or fascicles, but
dissociated cells are often present. A small population of
larger rounded, polygona!l or triangular cells with relatively
abundant cytoplasm and nuclei of variable size and shape
may be present in some sarcomas. Common examples
of benign tumours are neurilemoma and desmoid fibro-
matosis, rare examples are deep-seated leiomyoma, spindle
cell lipoma with a predominance of spindle cells and soli-
tary fibrous tumour. Typical spindle cell sarcomas include

Cytological Classification of Sofl Tissuc
Tumours Based on the Principal Pattern

the lejomyosarcoma, a subset of monophasic synovial sar-
coma, MPNST and dermatofibrosarcoma protuberans and
infrequently spindle cell GIST and fibrosarcoma (infantile
and adult) (table 7).

Myxoid Pattern

The myxoid character is often noted already when the
sample is smeared on the glass slides: a thick and viscous,
more or less haemorrhagic fluid. Aspirates of myxoid
tumowrs often look like droplets of glue. Under low power
magnification there is an evident myxoid background matrix,
blue or blue-violet, more or less fibrillary in MGG and
faintly pink in HE and faintly green in Pap. The celiular
pattern is variable: pleomorphic, spindly or round cells.

A myxoid pattern is common 1o several soft tissue
umours. Examples of benign tumours are intramuscular
myxoma, many cases of nodular fasciitis, and the rare entities
of OFMT, perineurioma, parachordoma and mixed tumour of
soft tissue. The most common sarcomas are myxofibrosar-
coma and myxoid liposarcoma, less common are iow-grade
fibromyxoid sarcoma and extraskeletal myxoid chondrosar-
coma (table 8).

Small Round/Ovoid Cell Pattern

Smears are typically cellular and composed of small to
medium-sized cells with rounded or ovoid nuclei and a vari-
able amount of cytoplasm. The shape of the cells is variable:
rounded, ovoig, fusiform or triangular. Nuclei are often bland
and nucleoli small.

This pattern is shown mainly by sarcomas: extraskele-
tal ES/PNET, rhabdomyosarcoma (especially alveolar).
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Table 7. Cytological evaluation of soft tissue amours based on pleomorphic and spindle cell partern

Tumour

Diagnostically important features

Ancillary tests Notes

Pleomorphic paitern
Nodular fasciitis

MFH-type sarcoma

Pleomorphic
leiomyosarcoma
Pleomorphic MPNST

Pleomorphic
rhubdomyosarcoma

Pitfalls
Anaplastic carcinoma

Sarcomatous melanoma

Sarcomatous anaplastic
large cell lymphoma

Spindle cell partern
Neurilemoma

Desmoid

Solitary fibrovs
tumour

Deep leiomyoma

Leiomyosarcoma

Marked pleamorphism in

proliferating fibroblasts/myofibroblasts;
ganglion cell-like cells; uniform
chromatin siructure

Marked pleomorphism, multinucleated
(bizarre) rumour giant cells;

mitoses (atypical); necrosis

Alypical cells with blunted/segmented
nuclei: nuclei in tandem position

Artypical spindle cells with wavy, thin
nuclei with pointed ends. coma-like nuclei

Atypical rhabdomyoblast-like cells,
triangular, rounded with eccentric
nuclei and eosinophilic cytoplasm

Moulded clusters; ‘owl’s eye’
Macronucleoli

Reed-Sternberg-like cells; deep blue
cytoplasm (MGG); presence of plasma
cells, lymphocytes and histiocytes

Predominantly tamouws tissue
fragments; indistinct ¢ytoplasmic
borders: [ibrillary background; thin,
wavy (comma-shaped) rapcred
nuclel; few dispersed cells

Runs, sheets or small groups of
fibroblasts and fragments of cell-poor
collagenous matrix; moderate
pleomorphism in fibroblasts:
occasionally muscle giant cells

Cell-tight irregular. three-dimensional
tissue fragments mixed with
dispersed cells; bland spindle cells

Tumour cells with cigar-shaped/blunted
nuclei: segmented nuclei; moderate
anisokaryosis; no mitoses

Fasciclses of more or less atypical
spindle cells: cigar-shaped/blunted
nuclei; segmented nuclei; nuclei in
landem position; scaliered large
atypical cells (stripped nuclei
outside fascicles)

Cytulogical Classificanon of Sol Tissuce
Tumours Based on the Principal Pattern

Painful, tender, rapidly
growing; most oficn
spontancous regression

DNA ploidy
analysis

IC: desmin, SMA,
caldesmon
IC: S-100

1C: desmin,
MyoD1,
myoglobin

IC: cytokeratin

1C: §-100, HMBA4S,
Melan A

1C. CD30, EMA,
Ak | Cytogenetic
analysis

(C: S-100 Often sharp, radiating
pain at needling;
neurilemomas in
cxtremities often
fusiform at palpation
and movable laterally
but not craniocaudal
Desmoid with
prominent collagenous
stroma firm to the
needle and difficult to
aspirate

1C. CD34, CDYYS

1C: desmin,
SMA

IC: desmin. SMA.
caldesmon EM



Table 8. Cytological evaluaton of soft tissue tumours based on patiern: myxoid pattern

Table 7 (continued)

Tumour Diagnostically important features Ancillary tests Notes
MPNST Fascicles of atypical spindle cells 1C: S-100
with elongated, wavy nuclei with
pointed ends: fibrillary background:
comma-shaped nuclei; variable
amount of dispersed cells
Monophasic synovial ~ Mixture of cell-bight irregular, IC: EMA, Calcifications may be
sarcoma three-dimensional tissue fragment cytokeratin, observed at rediographic
and dispersed cells with many CD9%9 EM investigation
stripped nuclei; often vascular Cytogenetic
nelwork in fragmenis; bland nuclej analysis
but mitoses in fragments; mast cells
Dermatofibrosarcoma  Mixture of cell-tight tissue, IC: CD34 Cutancous-subcutaneous

protuberans

Spindle cell GIST
Aduli fibrasarcoma

Pirfalls

Squamous ¢¢ll
carcinoma, spindle
cell type

Spindle cell malignamt
melanoma

three-dimensional fragments and
dispersed cells; moderate nuclear
atypia; Toulon-type giant cells and
foam cells not present

No specific features, may mimick
smooth muscle cells

Sheets, fascicles of arypical spindle
cells

IC: CDI117, CD34

1C: cytokerating

JC: HMB45,
Mclan A

lumour; ofien
multinodular

Abdominal tumour

Diagnosis of exclusion

Tumour

Diagnostically important features

Ancillary tests

Notes

Intramuscular
myxoma

OFMT

Perineurioma

Parachordoma

Mixed wumour
of soft nssue

Poor cellularity; small cell clusters and dispersed cells;
cells with long thin bipolar cytoplasmic processes and
ovoid or elongated bland nuclei; occasionally individual
vessel fragments and ‘muscle giant cells’

Mixture of dissociated cells and cell clusters;
occasionally acinar-like structures; rounded nuclei in

cytoplasm-rich cells

Elongated cells with thin cytoplasmic processes; rounded,
ovoid or fusiform nuclei; moderate anisokaryosis;

stripped nuclei

VariabJe cellular morphology: rounded, elongated. polygonal
cells; rounded or ovoid nuclei; cytoplasmic vacuolation;
moxderate anisokaryosis (chordoma-like cytology)

Salivary pleomorpbic adenoma-like cytology

Cytological Classification of Soft Tissuc
Tumours Based on the Principal Pattern

IC: §-100,
SMA

Subcutaneous tumour
Thick librous capsula often

with bone trabeculae

IC: EMA

IC: S-100,
cytokeratin

IC: cytokeratin,
S-100, SMA,
GrAP

Extremely rare

Extremely rare

Site important for diagnosis;
subcutaneous tumours difficun
to distinguish from chondroid

synngoma
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Table 8 (continued)

Tumour

Diagnostically important features

Ancillary tests Notes

Myxofibrosarcoma

Curved vessel fragments in myxoid background: low-grade
tumours predominantly spindly with moderate atypia; high

grade tumours pleomorphic

Low-grade
fibromyxoid
sarcoma

EMC

Slight 10 moderate atypia in constitutional spindle cells;
occasional vessel fragments in myxoid background

Variable arrangement of cells: cell balls. branching strands,
clusters; chondroblastoma-like nuclei (coffee bean nuclei);

almost never cartilage-like fragments

Pirfalls
Myxoid malignant
melanoma

DifTicult 10 distinguish from
low-grade myxofibrosarcoma

IC: S-100
Cytogenetic
analysis

IC: HMB45,
Melan A

Table 9. Cytological evaluation of soft tissue tumours based on patiern: small round ovoid cell pattemn

Tumour Diagnostically important features Ancillary tests Notes
Glomus tumour Presence of myxoid background matrix; lesional IC: SMA Tniensive
cells with rounded. ovoid. bland nuclej; presence pain at
of spindle cells needling
Neurablastoma Dispersed cells and clusters; stripped nuclei: IC: NSE. chromogranin.
neuropil background: small moulded clusters. synaptophysin
occasional rosettes; in preserved cells long EM
thin cytoplasmic processes connecting cells;
dark irregular nuclei
ES/PNET family; classic Double cell population large light and small 1C: CDY9
ES dark cells; large cells with abundant cytoplasm EM
with vacuoles and clear spaces; bland nuclear Cytogenetic analysis
morphology. inconspicuous nocleoli
ES/PNET famuly; PNET Occasional roseties; small unipolar cytoplasmijc 1C: CD99. NSE. chromogranin
processes; moderate pleomorphism EM
Cytogenetic analysis
Alveolar Rounded, pear-shaped or triangular myoblast-tike 1C: desmin, MyoD1
rhabdomyosarcoma cells; eosinoplulic cytoplasm; occasionally EM
multinucleated giant cells with numerous small Cytogenetic analysis
nuclei
Desmoplastic small Dispersed cells and loosely cohesive clusters: 1C: cytokeralin. desmin, NSE Predominantly
round cell cumour scant cytoplasim; inconspicuous nucleoli; Cytogenetic analysis abdominal
occasionally stromal fijbroblasts tumour

Poorly differentiated
areas in synovial sarcoma

Pitfalls

Small cell carcinoma
Lymphoblastic
lymphorna

Small cell mclanoma

Mixcure of celi-tight irregular, three-dimensional
lissue fragments and dispersed cells with stripped
nuclei; vessel network in fragments; preserved
cells small with rounded ES-like auclei

1C: EMA, cytokeratin, CD99
EM
Cytogenctic analysis

IC: cytokeralin
1C: CD3. CD79a; CDJO. Tdt

IC: S-100. HIMB45, Melan A
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Table 10. Cytological evaluation of soft tissuc rumours based on panern: epithelioid cell pattern

Tumour

Diagnostically important features

Ancillary tests Notes

Granular cell wumour

Adult thabdomyoma

Paraganglioma

Epithelioid sarcoma

Clear cell sarcoma

Alveolar soft part sarcoma

Malignant extrarenal

Stripped nuclei and granular background; abundam
cytoplasm. indistinct cytoplasmic borders;
granulaicd cytoplasm; predominantly small nuclei
Abundant eosinophilic, granulated cytoplasm;
cytoplasmic vacuolation; small nuclei with
prominent nucleoli

Acinar/folliclc-like smructures; moderate
pleomorphismy; red-granulated cyloplasm

Rounded, polygonal, spindly tumour cells; large
nucleoli; admixture of lymphocytes, plasma cells,
histiocytes, granuloma-like structures; necrosis

Predominantly dispersed cells; round, polygonal
tumour cells; rounded nuclei with prominent
nucleoli

Moderately abundant granular cytoplasm;
binueleated. multinucleated cells; rounded nuclei
with prominent nucleoli; stripped nuclei

Vartable cellular shape: eccentric nuclei: prominent

IC: S-100. NSE
EM

[C: desmin,
myoglobin

IC: NSE,
chromogranin
EM

IC: cyrokeralin,
EMA, CD34

Ulceralion may be seen in
subcutaneous mours;
inflammatory cells may
predominate

[C: S-100, FIMBA4S,
Mclan A

IC: muscle specific
actin. SMA | desmin
EM

1C: cytokeratin, NSE

rhabdoid (umour

Pitfulls
Malignanl melanoma

Carcinorua

nucleoli; cytoplasmic paranuclear inclusions

[C: HMBA45, Melan A Site of umouwr importanl
versus clear cell sarcoma

1C: cytokeratins

EM

neuroblastoma, pure round cell liposarcoma, most mono-
phasic synovial sarcoma and desmoplastic small round cell
malignant tumour. The main diagnostic pitfalls are small cell
carcinoma, non-Hodgkin’s lymphoma and small ¢cell malig-
nant melanoma (table 9).

Epithelioid Cell Pattern

The epithelioid cell pattern is created by cells with epithe-
lioid features: rounded or polygonal cells with distinct cyto-
plasmic borders, rather abundant cytoplasm, and rounded,
ovoid or irregular nuclei. Nucleoli are ofien prominent, The
tumour cells are arranged in groups, tight clusters or are

Cytological Classification of Sofi Tissue
Tumours Based on the Principal Partern

dissociated. Stripped nuclei are a common finding. Most
tumours in this group are rare and infreguent targets for
needling. Typical examples of benign tumours are granular
cell tumour, adult rhabdomyoma and paraganglioma and
among the sarcomas epithelioid sarcoma, clear cell sarcoma,
alveolar soft part sarcoma, malignant rhabdoid tumour and
epithelioid cell GIST. Diagnostic pitfalls incjude carcinoma
and malignant melanoma (table 10).

It is not possible to classify all soft fissue rumours into
these five groups. In most benign adipose tumours large fat
cells predominate and vascular tumours may appear as
examples of either the pleomorphic pattern. the spindle cell
pattern or the epithelioid cell pattern.
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..........................................

................................................................

Summary and Conclusions

FNA used in the primary diagnostic workup of soft tissue
tumours has a number of advantages over open biopsy and
core needle biopsy. In most sarcomas where primary surgery
is the treatment, FNA diagnosis is accurate enough for the
planning of the surgical intervention. In those sarcomas
where neoadjuvant therapy folfjowed by surgery is the treat-
meni of choice, the FNA diagnosis must be equivalent to

108 Summary and Conclusions

histology with regard to histotype and maljgnancy grading.
In these cases routine cytological examination often has to be
supplemented with ancillary diagnostics.

The optimal use of FNA as a pretreatment diagnostic tool
requires the referral of patients to multidisciplinary centres
where the cytopathologist is a member of the team and a close
cooperation between the cytopathologist and surgeon [3).
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