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Introduction
Skeletal FNAC

Methods for percutaneous sampling such as core needle
biopsy (CNB) and fine needle aspiration (FNA) have, in
recent years, emerged as important diagnostic substitutes for
open biopsy of bone neoplasms. FNAC has been used for
many years in the diagnosis of skeletal lesions. As early as
1931, Coley and Ellis [1] applied this sampling method to
bone neoplasms. Since then, several large series of FNA
examinations of bone lesions have been published [2-12].
FNAC may be relatively easily applied to a selected group of
neoplasms such as metastatic depositions and recurrences of
previously treated malignant bone tumors. FNAC may be
also used as the first-line approach or as a complementary
tool to core needle CNB in the diagnosis of primary bone
neoplasms. The combination of FNAC and CNB techniques
appears to increase overall diagnostic accuracy in the evalu-
ation of bone neoplasms [13, 14].

Primary bone tumors are relatively uncommon, especially
sarcomas, which account for only 0.2% of all neoplasms.
Osteosarcoma is the most common primary bone sarcoma
followed by chondrosarcoma, Ewing sarcoma, and chor-
doma. The most common benign bone neoplasms are osteo-
chondroma, giant cell tumor, chondroma, osteoid osteoma,
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and metaphyseal fibrous defect. The incidence rates of spe-
cific bone tumors are age-related. The majority of benign
bone tumors, osteosarcoma and Ewing sarcoma, arise in
children and young adults, while chondrosarcoma and chor-
doma occur most frequently after the age of 50.
Radiographic examinations yield rich diagnostic informa-
tion and comprise indispensable modality in the evaluation
of bone lesions. Various imaging modalities such as plain
radiography, ultrasonography, magnetic resonance imaging
(MRI), computed tomography (CT), scintigraphy, and posi-
tron emission tomography (PET) all play important roles in
the evaluation of bone lesions [15]. In many cases of benign
bone lesions, radiography may be diagnostic, obviating the
need of any biopsy. The most important task for the radiolo-
gist, however, is to evaluate the extent of the tumor, not the
histologic diagnosis. In the differential diagnosis of majority
of benign and malignant bone neoplasms, radiography may
exclude or establish malignancy and limits the diagnostic
options to one diagnosis or few differential diagnoses.
Morphologic examinations, however, are considered to be a
necessary part of the diagnostic work-up of malignant and
many benign bone neoplasms since therapeutic regimens dif-
fer significantly for both malignant and benign/locally
aggressive neoplasms. The microscopic diagnosis should
confirm the radiological findings, and in cases of discordance
between radiological imaging and cytological/histological
diagnosis, the findings must be re-evaluated. In this aspect
the cooperation between radiologist and pathologist/cytopa-
thologist is mandatory. The importance of the radiologic—
cytologic correlation approach to the diagnosis has been
clearly demonstrated by Soderlund et al. [16]. In another
study by this author, comparison of radiology and cytology
showed diagnostic agreement in 256 cases (69%) and non-
agreement in 101 (28%). The diagnostic error rate was 1%
among the 256 compliant cases, compared to 17% among
the 101 noncompliant cases [17]. Although not all patients
with a skeletal lesion need to be referred to large medical
centers for diagnosis and treatment, it is recommended that
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patients with a suspected primary skeletal neoplasm should
be referred to specialized orthopedic—oncology centers with
expertise in musculoskeletal oncology.

Reporting the Diagnosis

A standardized reporting of bone FNA has been sug-

gested by Akerman et al. [18]:

e Sarcoma (histologic type of sarcoma or sarcoma not oth-
erwise specified [NOS])

e Benign tumor (histologic type or benign tumor NOS)

e Metastasis (suggestion of primary or descriptive
diagnosis)

e Lymphohematologic malignancy (exact subtype defined
or general classification as malignant lymphoma, non-
Hodgkin lymphoma)

* Nonneoplastic lesion (infectious, reactive)

* Nondiagnostic (including insufficient)

Diagnostic Accuracy

Reported diagnostic accuracy of FNA has varied depending
on the era of the study, whether or not using radiology—cytol-
ogy correlation and reporting terminology used at different
centers. Earlier studies have reported lower diagnostic accu-
racy than later ones, with accuracies up to 98%. Diagnostic
accuracy is higher at sarcoma centers specializing in muscu-
loskeletal oncology with access to a multidisciplinary
approach. The results of 8 large series comprising a total of
2152 total patients are summarized in Table 16.1 [7, 9, 17,
20-23]. In these series, the diagnostic accuracy regarding
benign versus malignant was between 83% and 98%, and the
rate of insufficient material for diagnosis was variable, rang-
ing from 3% to 31% in seven studies.

Table 16.1 Fine needle aspiration cytology of bone tumors/lesions: diagnostic accuracy summarized from 8 series comprising 2152 patients

Authors Publication year Cases, n Insufficient yield, % Diagnostic accuracy, %
Kreicbergs et al. [9] 1996 300 8 95

Bommer et al. [7] 1997 450 14 98

Akerman et al. [19] 1998 333 6 98

Jorda et al. [20] 2000 314 31 95

Agarwal et al. [21] 2000 226 - 83

Wedin et al. [22] 2000 110 8 93

Kilpatrick et al. [23] 2001 49 8 93

Soderlund et al. [17] 2004 370 3 95 (99 with radiologic

correlation)
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Advances and Limitations of FNAC
in the Diagnosis of Bone Neoplasm

There are several advantages to skeletal FNAC. The proce-
dure is less traumatic than either CNB or open biopsy, so it
can be used safely in difficult sites such as vertebrae or pel-
vic bone. FNAC is an outpatient procedure which requires
fewer resources than other biopsy techniques. The procedure
is well tolerated by most patients with local anesthesia and
has negligible risks for serious complications. FNAC allows
rapid on-site evaluation (ROSE) with immediate triage deci-
sions and coordination of further investigations, as well as
planning of anticipated therapy (see Chaps. 1 and 2).
Compared to open biopsy, FNAC has also some limitations.
The main disadvantage of FNAC is a lack of well-trained
expertise in the cytologic evaluation of bone lesions. In addi-
tion FNA samples are small, and it can be occasionally dif-
ficult to obtain sufficient material for both morphological
examination and all necessary ancillary studies. However,
ancillary techniques such as immunocytochemistry and
molecular—genetic techniques may be successfully applied
on very small cytological samples.

Important limitations of FNAC of bone tumors are:

1. Poor or technically suboptimal material; extensive necro-
sis and hemorrhage are limiting factors.

2. Inability to aspirate sufficient material for evaluation.
Intervention is limited by intramedullary lesions when
cortex is intact, and the lesion is sclerotic with significant
ossification and calcification. The radiologic features of a
bone lesion often indicate whether an aspiration is
feasible.

3. Sampling error. When tumors with a heterogeneous archi-
tecture are needled, the aspirated material may not corre-
spond to the diagnostic tissue. An example of this pitfall
is the aspiration of giant cell-rich osteosarcoma when the
smears are dominated by benign osteoclast-like cells, giv-
ing the false impression of giant cell tumor.

4. Misinterpretation of the material. Lack of experience in
cytological diagnosis of bone lesions. Well-known diffi-
culties in FNA diagnosis of bone neoplasm include distin-

guishing well-differentiated chondrosarcoma from benign
cartilaginous tumors such as enchondroma and reactive
osteoblastic proliferation from osteoblastic neoplasm.
Clinical and radiologic correlation is required.

Technical Considerations
Sampling Technique

Because of destructive growth and frequent soft tissue exten-
sion, primary malignant bone neoplasms are easily accessi-
ble by FNA [24]. Destroyed or “moth-eaten” cortical bone
can be easily penetrated by thin needles as well. Percutaneous
puncture of palpable lesions can be performed in outpatient
clinics with or without local anesthesia and with or without
radiologic guidance. FNA of non-palpable bone lesions
should be guided by radiologic findings. In cases of obvious
bone destruction, the needling can be performed under fluo-
roscopic guidance. CT-guided aspiration biopsy should be
the method of choice for deep lesions.

One advantage of using CT is that the needles may be
directed to various parts of a heterogeneous mass for a more
representative sampling. In open MRI systems, aspiration
biopsy can be performed using special non-ferromagnetic
needles. The equipment used for FNA of bone lesions is the
same as for needling other sites. A syringe holder permitting
aspiration with one hand is essential. In most cases, 22-gauge
(0.7 mm) needles are sufficient. Needles with a stylet are
recommended for deep-seated tumors/lesions. The stylet
strengthens the needle and prevents the contamination by the
cells aspirated through the needle tract in the surrounding
tissues.

For intramedullary lesions when the cortex is intact, tro-
car with a drill in most cases is necessary. Biopsy instru-
ments available for penetrating cortical bone include a
coaxial biopsy system with an eccentric drill [25].

In patients with clinically suspected malignancy, tattoo of
needle insertion point is recommended as in FNA of soft tis-
sue sarcomas, so that the needle track can be removed at
surgery.
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Preparation of Specimen and Ancillary
Techniques

Regarding preparing FNA specimens for microscopic exam-
ination and for ancillary techniques, the same principles
apply for bone aspirates as for other types of FNA specimens
(see Chap. 1).

Immunocytochemistry and molecular—genetic analyses
are the most valuable ancillary techniques to facilitate the

specific diagnosis in FNA of bone neoplasms. These tech-
niques are essential in the cytologic evaluation of small round
cell neoplasms [26-29]. Immunocytochemical studies are
indispensable to suggest site of origin in the work-up of bone
metastasis. Useful antibodies in the diagnosis of primary and
metastatic bone neoplasm are listed in Tables 16.2 and 16.4.

Electron microscopic examinations are most useful in the
diagnosis of Langerhans cell histiocytosis (Birbeck granule)
and selected cases of osteosarcoma (osteoid) [30].

Table 16.2 Useful antibodies in the diagnosis of primary bone neoplasm

Tumor/lesion Antibody Comments
Chondroblastoma H3K36M,S-100 protein, SOX-9 H3K36M is mutation-specific
Chondrosarcoma S-100 protein Strong staining in low-grade malignant tumors

Weak staining in high-grade malignant tumors

Giant cell tumor of the bone

H3G34W

H3G34W is mutation-specific

Mesenchymal chondrosarcoma

CD99, S-100 protein

CD99: rather cytoplasmic than a membranous pattern

Clear cell chondrosarcoma

S-100 protein, collagen II

Chordoma

S-100 protein, cytokeratin, epithelial
membrane antigen (EMA), Brachyury

Double staining of S-100 protein and epithelial markers;
Brachyury: nuclear staining

Ewing sarcoma

CD99, FLI-1, NKX2.2

CD99, membrane staining; FLI-1 and NKX2.2, nuclear
staining

Langerhans cell histiocytosis

S-100 protein, CD1a, langerin, CyclinD1

Langerin and CD1a more specific than S-100 protein

Osteosarcoma Osteocalcin, osteonectin, SATB2

Osteofibrous dysplasia Cytokeratin Scattered single spindle cells

Adamantinoma Cytokeratin, EMA, p63, D240 Fibrous area staining for vimentin only and
coexpression of vimentin and other markers in epithelial
cells

Angiosarcoma CD31, CD34, Fli-1, ERG CD34 variable; ERG: nuclear staining

Epithelioid hemangioendothelioma

CD31, CD34, ERG, cytokeratin, CAMTA1

CD34 and cytokeratin variable CAMTA-1 reflects
WWTRI-CAMTAI gene fusion

Diffuse large B-cell lymphoma

CD20, CD3, BCL-6, PAX 5

Precursor lymphoma

CD3, CD79A, CD10, TdT

Anaplastic large cell lymphoma

CD30, EMA, Alk-1; CD2, CD3, CD4

Plasmacytoma/myeloma

CD138, kappa/lambda, EMA, CD56

EMA positivity in approximately 40% of cases
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Cytochemical Examinations

Alkaline phosphatase (ALP) staining is useful in the demon-
stration of osteoblastic differentiation of tumor cells in aspi-
rates from osteosarcoma as tumor cells from all subtypes of
osteosarcoma contain abundant cytoplasmic ALP. Strong
ALP positivity confirms the osteosarcoma diagnosis and
helps to distinguish it from metastatic carcinoma, malignant
melanoma, or anaplastic large cell lymphoma of the bone.
ALP staining in the cytologic evaluation of osteosarcoma has
been underutilized in previous reports of FNA diagnosis of
osteosarcoma. In a series reported from Lund of 59 patients
with primary osteosarcoma examined by FNA, strong cyto-
plasmic ALP positivity could be demonstrated in all 30 cases
in which this method was applied on FNA smears [31].

Complications of FNA of the Bone
Complications reported are pneumothorax following nee-

dling of tumors in the ribs and neurologic sequel to needling
of lesions in the vertebrae [32].

Normal Elements
Osteoblasts

Osteoblasts are most often seen as single cells, occasionally
as small cell clusters or rows. They are uniform cells of
rounded or triangular shape, with abundant cytoplasm, which
often contains a clear “hof” area adjacent to the nucleus. The
round nuclei with a central nucleolus are situated very close
to the cytoplasmic membrane giving impression of almost
protruding through it (see Fig. 16.1).

Fig. 16.1 Osteoblasts. (a—d) Triangular or rounded to oval cells with eccentric nuclei and abundant cytoplasm. Perinuclear clear “hof” visible in
most cells (H&E and MGG)
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Osteoclasts In May-Griinwald-Giemsa (MGG)-stained smears, a fine red
cytoplasmic granulation is seen (see Fig. 16.2).

Osteoclasts appear as scattered single large cells with abun-
dant cytoplasm and multiple, uniform, round to oval nuclei.

A f o
-

Fig. 16.2 Osteoclasts. (a—d) Large multinucleated cells with abundant cytoplasm and 12—20 uniform, round to oval nuclei. (a) Fine red granula-
tion is often visible in MGG-stained smears (b Diff-Quik; ¢ H&E; d cell block, Cellient; Hologic; Bedford, MA, USA)
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Cartilage and Chondrocytes

Fragments of benign cartilage may sometimes be found in
FNA smears especially from lesions near joints and osteo-
chondral junctions. These are composed of a hyaline matrix,
which is reddish blue to violet with MGG (see Fig. 16.3) or

pink with hematoxylin and eosin (H&E) stain. In
Papanicolaou-stained preparations, the matrix has a pale
grayish red amphophilic fibrillary appearance. Normal chon-
drocytes present infrequently as a single cell but may be
occasionally observed in lacunae in cartilaginous
fragments.

Fig. 16.3 Cartilage and chondrocytes. (a, b) The cartilage stains red blue to violet in MGG-stained smears. Chondrocytes are rare findings in
normal cartilage (MGG)
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Bone Marrow Cells of maturing erythropoietic, myelopoietic cells and mega-

karyocytes. It is important not to misinterpret immature
Bone marrow elements may be seen in aspirates from the hematopoietic cells and megakaryocytes as malignant cells
ribs, vertebrae, and sacrum. They usually appear as a mixture  (see Fig. 16.4).

Fig. 16.4 Bone marrow cells. (a, b) Erythropoietic, myelopoietic cells and megakaryocytes appear occasionally in FNA smears from skeletal
lesions. Megakaryocytes must not be misinterpreted as tumor cells (MGG)
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Mesothelial Cells

Occasionally, aspirates from vertebral lesions include small
flat sheets of mesothelial cells. It is important to distinguish
reactive mesothelial cells from carcinoma cells in cases
where a FNA is performed for suspected vertebral
metastases.

Inflammatory and Nonneoplastic Entities
Osteomyelitis

Most cases of osteomyelitis are of bacterial origin, and
Staphylococcus is a common pathogen. Anaerobic osteomy-
elitis is less common. In most cases, infection originates in
another site and spreads directly from posttraumatic or oper-
ative infections. Acute hematogenous osteomyelitis occurs
most often in patients younger than 15 years old but may
occur in any age. The long bones are commonly affected.

Cytologic features (see Fig. 16.5):

e Abundant smears containing neutrophils
e Necrotic debris

e Histiocytes

Differential diagnosis:
* Langerhans cell histiocytosis

Fig. 16.5 Acute osteomyelitis. Abundant neutrophils and necrotic
debris (H&E)
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Granulomatous Osteomyelitis (See Fig. 16.6) Cytologic features:
e Moderate to abundant smears composed of neutrophils
Tuberculous osteomyelitis is due to hematogenous spread and necrotic debris
from the lungs [4]. The most common sites are the vertebra ¢ Epithelioid cell granulomas
followed by pelvic bones and the knees. e Occasional giant cells of Langerhans type

Fig. 16.6 Granulomatous osteomyelitis, tuberculosis. (a, b) Microscopic feature of granuloma includes clusters of moderately cohesive epitheli-
oid cells with pale elongated nuclei and poorly demarcated cytoplasm (H&E and MGG)
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Fracture Callus

Reactive osteoblastic proliferation with osteoid formation,
such as seen in fracture callus, may be misdiagnosed as
malignant bone neoplasm, commonly osteosarcoma (OS).
Thus, fracture callus, a benign lesion, constitutes one of the
most important differential diagnoses for OS. Similarly to

OS, reactive osteoblasts in callus may display considerable
pleomorphism with anisokaryosis and hyperchromatic
nuclei with prominent nucleoli (see Fig. 16.7). Their chro-
matin pattern is quite regular, and the cytoplasmic “hof” is
often visible in some cells. Clinical and radiologic correla-
tion is essential to distinguish fracture callus from OS.

SN

Fracture callus. (a, b) Clusters of reactive osteoblasts with anisokaryosis and hyperchromatic nuclei embedded in osteoid-like matrix

Fig. 16.7
(MGG)
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Osteogenic Neoplasm
Osteoid Osteoma and Osteoblastoma

Osteoid osteoma and osteoblastoma are benign osteoblastic
tumors with some overlapping radiographic and histologic
features. Because of the reactive, sclerotic bone surrounding
the nidus, osteoid osteomas are practically never examined
by FNAC. In addition, their distinctive clinical and radio-
graphic features allow a correct diagnosis without biopsy in
most cases. Osteoblastoma is a rare, intraosseous, benign
neoplasm arising mostly often in the first three decades of
life. Predilection sites are the spine and sacrum (up to 50%
of cases), followed by the proximal and distal femur, proxi-
mal tibia, and other bones. Few FNAC cases of osteoblas-
toma have been reported to date [30, 33-35]. The diagnostic
cells in FNA smears are osteoblasts, with eccentric round
nuclei and cytoplasm containing often clear “hof.” Cell and
nuclear size may vary slightly, and binucleated cells may be

found. A blue to red or pink matrix can be seen occasionally
in cellular clusters on MGG staining (see Fig. 16.8).
Cytologic criteria for the so-called aggressive (epithelioid)
osteoblastoma have not been defined. FNA of primary bone
tumors that exhibit large, atypical osteoblasts with promi-
nent nucleoli should be reported as inconclusive in regard to
benign osteoblastoma or osteosarcoma, irrespective of the
radiologic features. Surgical biopsy is necessary to establish
a correct diagnosis.

Cytologic features:

*  Mono- and binucleated osteoblasts, dispersed or in small
clusters

e Osteoclasts

* Occasionally small clusters of spindle cells

¢ Scant osteoid matrix

Differential diagnosis:
e Osteosarcoma

Fig. 16.8 Osteoblastoma. (a, b) Sheets of slightly pleomorphic osteoblasts (MGG). (¢) A loosely cohesive cluster of bland oval and spindle cells
and multinucleated giant cell. (d) Osteoclast-like giant cells mixed with some bland-looking single cells (H&E)
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Osteosarcoma

Osteosarcoma (OS) is a primary bone tumor composed of
cells, which at least focally produce osteoid. OS is the most
frequent primary malignant bone tumor, with an incidence of
2.5 per million populations per year. Eighty to 90% of cases
of OS are of the conventional highly malignant type, and the
majority of them occur around the knee followed by the
humerus and pelvic bones. Approximately 7-10% arise in
the craniofacial bones (maxilla and mandible). OS is rare in
the spine and in the small bones of hands and feet. The most
common presentations are bone mass, often with a soft tissue
involvement and pain. Children and young adults are the
most affected age group, and a second incidence peak is
around age 60. OS also occurs as a form of radiation-
associated sarcoma in the bone.

Osteosarcoma shows a broad variation in site and mor-
phologic appearance in both histologic sections and FNA
smears [30, 31, 36-45]. The conventional intramedullary OS
is a rapidly growing high-grade neoplasm, permeating corti-
cal bone and extending to the surrounding soft tissue. Less
common types of OS are periosteal, parosteal, or juxtacorti-
cal OS, central low-grade OS, and high-grade surface
OS. With regard to microscopic features, most common his-
tologic types are high-grade osteoblastic (see Fig. 16.9) and
chondroblastic (see Fig. 16.10) OS, followed by fibroblastic,
telangiectatic, and small cell OS.

Cytologic diagnosis of malignant neoplasm is usually
facilitated by FNA smears of high-grade conventional
OS. The clue to the diagnosis in routinely stained smears is
the presence of malignant pleomorphic tumor cells com-
bined with the intercellular osteoid and occasionally
osteoblast-like tumor cells (see Fig. 16.11).

To find osteoid and prove osteoblastic differentiation of
tumor cells may be difficult since osteoid occurs often focally
and is difficult to visualize in smears. Differentiating osteoid
from collagenous matrix can be difficult as well.

Osteoid is best appreciated in MGG-stained smears.
Strong intracytoplasmic alkaline phosphatase (ALP) staining
in tumor cells confirms their osteoblastic differentiation (see
Figs. 16.11 and 16.13). ALP staining helps also to distin-
guishing chondroblastic osteosarcoma from high-grade
malignant (grade 3) chondrosarcoma (see Fig. 16.11).
Electron microscopic examination is another well-established
method to define osteoid in fine needle aspirates.

The architecture of the tumor tissue, calcifications, and
osteoid is better appreciated in cell block sections, especially
when both malignant cells and strands of osteoid or frag-
ments of cartilage are present in the cell block sections (see
Fig. 16.12). Sclerotic intraosseous OS and tumors without
cortical bone destruction are difficult to sample by FNA and
give often poor yield [31].

Cytologic features of high-grade osteosarcoma:

Osteoblastic subtype

e Variable cellularity, often hypercellular smears

e Admixture of single cells and cell clusters

* Moderately to highly pleomorphic round to ovoid and
polygonal tumor cells

* Osteoblast-like tumor cells with eccentric nuclei and a
cytoplasmic “hof”

e Clusters of epithelioid tumor cells with distinct cytoplas-
mic borders and round nuclei with prominent nucleoli

e Multinucleated tumor giant cells

e Strands of osteoid matrix (red gray or purple stained in
MGG, pale pink in H&E)

e Mitoses, often atypical

e Benign osteoclast-like giant cells

e Occasional necrosis and calcifications

Chondroblastic subtype [39, 45, 46]

* Myxoid background matrix (red; red violet in MGG)

* Fragments of hyaline cartilage

e Cartilage with atypical chondrocytes in lacunae

e Atypical mono- or binucleated chondroblasts

e Admixture of similar cell population as in osteoblastic
osteosarcoma in variable proportions

Differential diagnosis and problems in diagnosis:

e Reactive osteoblastic proliferations as in fracture callus

e Myositis ossificans

e Osteoblastoma

e Giant cell tumor

* Aneurysmal bone cyst

* High-grade chondrosarcoma

e Undifferentiated pleomorphic sarcoma (so-called malig-
nant fibrous histiocytoma [MFH]) and pleomorphic leio-
myosarcoma primary in the skeleton

e Primary anaplastic large cell lymphoma in the bone

e Metastatic carcinoma

e Metastatic melanoma

Reactive osteoblastic proliferations such as fracture callus
and myositis ossificans are the most important benign lesions
that mimic OS. Scattered malignant cells may be overlooked
in hypocellular smears from telangiectatic OS. Such FNA
samples show a prominent bloody background, osteoclast-
like benign giant cells predominating the smears, and only
scattered malignant cells; therefore, this pattern may be mis-
diagnosed as an aneurysmal bone cyst. The multinucleated
benign giant cells present in giant cell-rich osteosarcoma
may be as numerous as in smears from giant cell tumors. It is
important to look for obvious malignant cells and atypical
mitoses (see Fig. 16.13). The tumor cells of OS may be clus-
tered and exhibit epithelioid features that can be misdiag-
nosed as metastatic carcinoma. In addition, metastatic renal
cell carcinoma may produce an extracellular matrix, which



612

H. A. Domanski et al.

can be easily confused with osteoid. Smears from anaplastic
large cell lymphoma arising in bone contain large round cells
with abundant cytoplasm, eccentric nuclei, and prominent
nucleoli resembling osteoblast-like tumor cells in

OS. Antibodies to cytokeratins, S-100-protein, HMB45,
Melanin A, epithelial membrane antigen (EMA), anaplastic
lymphoma kinase (ALK), CD45, and CD30 are suitable
markers in the differential diagnosis.

Fig. 16.9 Osteoblastic osteosarcoma. (a, b) Large, atypical tumor
cells with round to oval, irregular nuclei, a moderate amount of cyto-
plasm, and large macronucleoli (MGG). (¢, d) Poorly cohesive clusters
of pleomorphic cells, some with atypical mitoses and admixture of

osteoclasts (H&E). (e) Pleomorphic tumor cell resembling osteoblast
and a small fragment of the bone. (f) Calcification seen in liquid-based
preparations (H&E; ThinPrep)
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Fig. 16.10 Chondroblastic osteosarcoma. Large, atypical tumor cells ~ oid matrix. Note tumor cells resembling osteoblasts and mitoses
(a) adjacent to the cartilaginous matrix or dispersed in the myxoid and ~ (MGG). (d) Malignant cartilage with atypical chondroblasts embedded
chondroid background matrix (b, ¢), which is more abundant than oste-  in a chondroid matrix (H&E)
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o

Fig. 16.11 High-grade osteosarcoma. (a—d) Clusters and dispersed pleo- ~ osteosarcoma, it can be difficult to distinguish chondroid matrix from
morphic cells with intercellular strands of pinkish-violet matrix consis-  osteoid (MGG). (f) Alkaline phosphatase staining stains red cytoplasm of
tent with osteoid matrix (MGG). (e) In smears from chondroblastic  cells with osteoblastic differentiation, whereas cartilage is unstained
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Fig. 16.12 High-grade osteosarcoma. Cell block sections appreciate  osteoid. (¢, d) Clear chondroblastic differentiation in high-grade chon-
diagnostic features of osteosarcoma. (a) High-grade sarcoma with pleo-  droblastic osteosarcoma (H&E)
morphic malignant cells and mitoses. (b) Clearly visible strands of
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Fig. 16.13 Giant cell-rich osteosarcoma. (a—¢) Smears resembling in tumor cells but negative staining in the osteoclast-like giant cells
giant cell tumor but clearly pleomorphic tumor cells consist with highly ~ (alkaline phosphatase stain)
malignant neoplasm (H&E). (d) Positive alkaline phosphatase staining
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Fibroblastic Osteosarcoma

Experience of the fibroblastic type is limited to single case
reports. FNA smears contain predominantly slight to moder-
ate pleomorphic spindle-shaped cells with fusiform nuclei
and coarse chromatin. Osteoid is difficult to find (see
Fig. 16.14).

Small Cell Osteosarcoma
The cytology of rare small cell osteosarcoma has been only
briefly described [44, 47].

The main cytologic feature was a mixture of cohesive
fragments and dispersed small- to medium-sized (three to
four times of small mature lymphocytes). Slightly pleomor-
phic cells with round- or spindle-shaped nuclei, finely granu-
lar chromatin, and a high nuclear/cytoplasmic ratio.
Identification of osteoid matrix is the key to the diagnosis but
can be difficult (see Fig. 16.14).

Fig. 16.14 (a) Fibroblastic osteosarcoma. Clusters of moderately
atypical spindle cells embedded in osteoid-like matrix (MGG). Small
cell osteosarcoma. (b, ¢) FNA smears (H&E and Pap stain). (d) Cell

block. Small- to medium-sized tumor cells with rounded nuclei and
scanty cytoplasm resembling Ewing sarcoma (H&E)
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Parosteal Osteosarcoma

FNA diagnosis of parosteal osteosarcoma, a rare type of low-
grade osteosarcoma arising on the surface of the bone, is dif-
ficult if not impossible [31-48]. The yield was very poor,
consisting of scattered mildly atypical spindle cells and

small fragments of cartilage. Parosteal osteosarcomas are
less suitable for FNA than other types of osteosarcoma. Core
needle biopsy with correlation of characteristic radiologic
findings is the key to a successful preoperative diagnosis (see
Fig. 16.15).

Fig. 16.15 (a) Parosteal osteosarcoma. Clusters of slightly atypical spindle cells embedded in osteoid-like matrix (MGG). (b) Histologic section
showing trabeculae of neoplastic woven bone surrounded by atypical spindle cells and strands of cartilage (H&E)
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Chondroblastic Tumors
Osteochondroma

Osteochondroma is the most common benign neoplasm of
the bone, accounting for 10% of all bone neoplasms. FNA
smears from osteochondroma contain usually fragments of
cartilage sampled from the cartilaginous cap (see Fig. 16.16).
Typical osteochondroma is rarely sampled by FNAC as its

radiologic appearances are diagnostic. Occasionally malig-
nant transformation (chondrosarcoma) of osteochondroma
occurs, and FNAC may be requested to help establish the
diagnosis. The presence of significant cellular and nuclear
pleomorphism and myxoid matrix may suggest malignant
transformation; however, the morphology of malignant
transformation is often quite subtle. Therefore, correlation
with radiology is essential, and surgical biopsy remains nec-
essary to confirm the diagnosis.

=

Fig. 16.16 Osteochondroma. (a, b) FNA smears contain large fragments of cartilage with uniformed chondrocytes in lacunae (MGG and H&E)
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Chondroma

Chondromas may present as single or multiple lesions and
are composed of mature hyaline cartilage interspersed with
areas of degenerative cartilage. Chondromas are the most
common tumors in the small bones of the hands and feet.

Cytologic features:

e Cartilaginous fragments containing cells in lacunar spaces
e Cells with small regular nuclei

e Mild cytologic pleomorphism

Diagnostic specimens from chondromas are sampled eas-
ily. Characteristically, smears contain numerous fragments
of cartilage; dispersed cells are uncommon. Cartilage frag-
ments stain strongly violet or blue violet with MGG and
faintly pink with H&E. Small round and uniform cells with
regular nuclei are seen in lacunae within cartilage fragments
(see Fig. 16.17). Binucleated cells are not found, but the car-
tilage may focally exhibit high cellularity and cytologic
pleomorphism, especially in chondromas of small peripheral
bones. Focal nuclear atypia and pleomorphism should not be
mistaken for signs of malignancy.

Fig. 16.17 Chondroma. (a, b) Fragments of cartilage with areas of random scattered uniform chondrocytes, some in lacunar spaces. (¢, d) Some

chondrocytes showing slight atypia (H&E)
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Chondroblastoma

Chondroblastomas occur in children and adolescents with an
immature skeleton, especially in the second decade of life,
with slight prevalence in males. The most common site is the
epiphysis of long bones, but small tubular and flat bones can
also be affected. The tumor is composed of immature chon-
droblasts and osteoclast-like giant cells, with focal calcifica-
tions and occasional areas resembling an aneurysmal bone
cyst. Chondroblastomas are often painful.

Cytologic features:
* Mononuclear chondroblasts characterized by well-
defined cytoplasm and round nuclei

Fig. 16.18 Chondroblastoma. (a) In scanning power cohesive cluster
of uniform round to oval cells embedded in the chondroid matrix. (b)
Acellular fragment of a cartilaginous matrix. (¢, d) Mononuclear

e Multinucleated osteoclast-like cells
e Fragments of chondroid matrix

The FNA smears are usually diagnostic, with a mixed pat-
tern of fragments of chondroid matrix, mononuclear chon-
droblasts, and multinucleated osteoclasts [49-51]. The most
characteristic finding is the presence of distinctive chondro-
blasts, which have monomorphic or slightly pleomorphic
round to oval nuclei placed centrally or slightly eccentrically
and well-demarcated cytoplasm. Nuclei may vary in size and
binucleated cells may be present. Mitoses are uncommon.
Acellular fragments of cartilage are often seen in the smears,
staining red to reddish blue with MGG and faintly eosino-
philic in H&E preparations (see Fig. 16.18).

rounded cells with rather abundant well-defined cytoplasm embedded
in the chondroid matrix (MGG)
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Chondromyxoid Fibroma

Chondromyxoid fibroma is a rare, benign cartilaginous
tumor of young adults in second and third decades of life.
Chondromyxoid fibroma arises usually in the metaphyseal
region of long tubular bones, especially the tibia. FNA
smears contain fusiform stellate or spindle cells and
chondroblast-like cells embedded in fragments of cartilagi-
nous—myxoid tissue. Spindle cells vary in size, but both
chondroblast-like cells and spindle cells may show moderate

pleomorphism with plump nuclei and small but prominent
nucleoli (see Fig. 16.19).

Cytologic features:

* Myxoid background matrix

e Cartilaginous fragments (with chondroblast-like cells in
lacunae)

* Dispersed or clustered stellate or spindle-shaped myofi-
broblastic cells

e Osteoclastic giant cells

Fig. 16.19 Chondromyxoid fibroma. (a) FNA smears with fragments
of cartilaginous—myxoid tissue (MGG). (b, ¢) Fusiform, stellate, or
spindle cells embedded in cartilaginous tissue fragments in high-power

view (MGG; H&E). (d) Chondroblast- or chondrocyte-like cells occur
in the myxoid background (H&E)
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Chondrosarcoma

This group of tumors occur in adults, predominantly in the
fourth to seventh decades of life. Tumor predilection sites are
the large bones of axial skeleton with majority of chondrosar-
comas occurring in the femur, humerus, pelvic bones, and
ribs. Uncommon sites are acral and extraskeletal regions.
Results from several studies confirm that grading of chondro-
sarcomas is important in predicting prognosis. It is important
to separate grade 1 from grade 2 or higher chondrosarcoma as
most low-grade chondrosarcomas often have a clinical course
and prognosis comparable with benign chondroma [52].

Most chondrosarcomas are convenient targets for FNA
and often yield richly with fragments or “microbiopsies” of
tumor tissue in smears. The cytology of chondrosarcoma has
been described in three rather large series [52-54]. The
cytologic features are closely related to the grade of malig-
nancy [9, 54, 55].

Low-grade chondrosarcomas yield tumor cells in frag-
ments of variable size, and dispersed cell pattern is an infre-
quent finding. Variable cellularity occurs in the fragments of
cartilaginous tissue, with some cells lying in lacunar spaces.
Individual tumor cells display a slight to moderate atypia,
but some of them are binucleated (see Fig. 16.20).

Fig. 16.20 Chondrosarcoma, G1. (a—f) Cartilaginous fragments containing randomly distributed uniform or slightly atypical cells, many of them

in lacunar spaces. Note binucleated chondrocytes (H&E)
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Smears from high-grade (grades 2 and 3) chondrosarcoma
are generally hypercellular with cellular tissue fragments and
often prominent myxoid background matrix. As a rule of
thumb, the number of fragments is lower than in low-grade
neoplasms, and dispersed tumor cells are much more com-
mon (see Figs. 16.21 and 16.22). The cellular and nuclear

pleomorphism is marked, and occasional mitoses may be
seen in smears, especially in grade 3 tumors (see Fig. 16.23).

Dedifferentiated chondrosarcoma progresses in approxi-
mately 10-15% of chondrosarcomas and has a very aggressive
clinical course. The most common sites of involvement include
the distal femur, pelvis, and humerus. The transition from a

Fig. 16.21 Chondrosarcoma, G2. (a—f) These aspirates from different
tumors show the difficulty of chondrosarcoma grading and making the dis-
tinction between G1 and G2 chondrosarcomas in FNA smears. Fragments

of hyaline cartilage with variable cellularity. Occasional calcifications.
Cellular areas indicate G2 tumor. Rather uniform tumor cells with slight to
moderate nuclear atypia and occasional small nucleoli (H&E)
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Fig. 16.22 Chondrosarcoma, G2. (a, b) Fragment of cartilage with
cellular area (H&E, MGG). (¢) Moderately atypical chondrocytes with
abundant cytoplasm (MGG). (d—f) Cell blocks with moderately cellular

low-grade chondrosarcoma component to a high-grade noncar-
tilaginous pleomorphic sarcoma area is usually abrupt, and the
proportions of two components are very variable. Sampling
only one of the components is a common pitfall in the FNAC
diagnosis of this bimorphic sarcoma (see Fig. 16.23).

Cytologic features:
e Fragments of hyaline cartilage
e Myxoid background matrix

cartilaginous tissue, moderately atypical chondrocytes, and myxoid
areas indicative of G2 chondrosarcoma (H&E)

e Variable cellularity within the cartilaginous fragments

* Mononuclear and binucleated tumor cells often in
lacunae

e Large round individual cells with well-defined cytoplasm
and irregular, lobulated nuclei

e Number of dispersed cells and degree of pleomorphism
increase in higher-grade tumor

e Presence of noncartilaginous pleomorphic sarcoma sug-
gesting dedifferentiation
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Fig. 16.23 High-grade chondrosarcoma (grade 3). (a, b) Compared to ~ ground matrix, and necrosis, obscuring the nuclear details (H&E). (f)
low-grade chondrosarcoma, there is increased cellularity and marked — Dedifferentiated chondrosarcoma: sampling only one of the compo-
cellular and nuclear atypia (MGG). (c—e) Tumor fragments are highly  nents is a common pitfall in the FNAC diagnosis of this bimorphic sar-
cellular with moderate to marked nuclear pleomorphism, myxoid back-  coma (Pap stain)
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Clear Cell Chondrosarcoma central nucleus, and prominent nucleoli (see Fig. 16.24).
Fragments of cartilage and occasional osteoclast-like cells

Clear cell chondrosarcoma is a rare variant of low-grade are also present. The main differential diagnoses include

chondrosarcoma, arising in the epiphyses of long bones. The chondroblastoma and metastatic carcinoma, especially clear

FNA smears are cellular and dominated by large epithelioid cell renal cell carcinoma [56, 57].

tumor cells with abundant finely vacuolated cytoplasm, a

Fig. 16.24 Clear cell chondrosarcoma. (a—c) Large epithelioid cells with abundant finely vacuolated cytoplasm, a central or paracentral nucleus,
fragments of cartilage, and occasional osteoclast-like giant cells (MGG)
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Mesenchymal Chondrosarcoma round monomorphic (Ewing sarcoma-like) tumor cells in

cohesive clusters, some embedded in a fibrillar matrix, have
Mesenchymal chondrosarcoma is a rare high-grade bimor- been described (see Fig. 16.25). Fragments of cartilaginous
phic malignant tumor composed of islands of low-grade hya- matrix may be observed as well as osteoclast-like giant cells.
line cartilage and malignant small round cells. The cytologic The main differential diagnoses include Ewing sarcoma,
features of mesenchymal chondrosarcoma in FNA smears small cell osteosarcoma, and lymphoblastic lymphoma.
have been reported in a few case reports [58—60]. Small,

o -

Fig. 16.25 Mesenchymal chondrosarcoma. (a—c) Clusters of small, round to oval tumor cells with sparse cytoplasm and irregular nuclei. Cells
embedded in a blue-violet collagenous matrix (MGG)
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Giant Cell-Rich Lesions
Giant Cell Tumor

Giant cell tumor (GCT) is a locally aggressive neoplasm
comprising approximately 5% of primary bone tumors. This
neoplasm displays a tendency to local recurrences and
approximately 2% of GCT develops pulmonary metastasis,
the so-called benign metastasizing GCT. Most patients are
between 20 and 40 years of age, and GCT is very rare in
patients younger than 15 years old. GCT commonly arises in
the distal part of the femur, in the proximal part of the tibia,
and in the distal part of the radius followed by proximal
humerus and pelvic bones. The typical histologic pattern,
characterized by numerous large osteoclast-like giant cells
admixed with mononuclear macrophage-like cells, is often
modified by hemorrhage, necrosis, or reactive fibrous tissue.
Aneurysmal bone cyst-like areas may be present. The cyto-
logic features of conventional GCT have been described in
some series and case reports [61-65]. FNA smears of GCT
are characterized by the mixture of cohesive or loose clusters
of mononuclear cells and osteoclast-like giant cells as well
as clusters of mononuclear cells bordered by giant cells at
the periphery [61-65].

Cytologic features:

e Hypercellular yield with both cohesive cell clusters and
single cells.

e Double-cell population: mononuclear spindle or round to
ovoid cells and multinucleated osteoclast-like giant cells.

* Mononuclear cells contain nuclei with open chromatin
and prominent nucleoli.

e The size of mononuclear cell nuclei is comparable to that
in the osteoclast-like giant cells.

e Classical pattern of smears includes giant cells attached to
the periphery of clusters of mononuclear cells.

* Absence of osteoid and cartilaginous matrix.

Differential diagnosis and problems in diagnosis:
* Aneurysmal bone cyst

e Brown tumor of hyperparathyroidism

e Reparative giant cell granuloma

e Osteoblastoma

e Giant cell-rich osteosarcoma

Because of thinning of the cortical bone, GCT is usually
easy to aspirate and the specimen is abundantly cellular.
Although it has been emphasized that clusters of mononu-
clear cells bordered by giant cells at the periphery (see
Fig. 16.26) is a characteristic cytologic feature, similar pat-
tern may also be present in smears from brown tumors of
hyperparathyroidism. Morphology of other benign giant cell
lesions occurring in the skeleton may show overlapping fea-
tures with GCT in FNA smears. A short summary of main
cytologic diagnostic criteria in benign lesions exhibiting
osteoclast-like giant cells is present in Table 16.3. From the
clinical management point of view, the most important dif-
ferential is giant cell-rich osteosarcoma. The marked pleo-
morphism of the tumor cells in giant cell-rich osteosarcoma
helps to distinguish it from GCT. Recently, H3F3A
(G34 W/V/L) mutations have been identified in most GCTs,
and mutation-specific IHC is highly specific for
GCT. Therefore, H3G34W IHC is very helpful to distinguish
GCT from other giant cell-rich tumors in difficult cases [66].
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Fig. 16.26 Giant cell tumor (GCT). (a—¢) Cohesive clusters of prepared from the aspirated material corresponds well with cytology
slightly pleomorphic rounded, ovoid, or spindle cells bordered by (H&E). (f) H3G34W IHC is positive in mononuclear tumor cells and
multiple multinucleated giant cells (MGG; H&E). (d, e) Cell block negative in multinucleated giant cells
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Table 16.3 Summary of main cytologic diagnostic findings in benign tumors/lesions containing osteoclast-like giant cells

Tumor/lesion Age, year Predilection sites Cytology
Osteoblastoma 10-30 Spine; sacrum Osteoblasts
Proximal and distal femur Osteoclasts
Clusters of uniform of spindle cells
Chondroblastoma 20-30 Long tubular bones Fragments of chondroid matrix with chondroblasts
Epiphysis Often indented nuclei (“coffee-bean nuclei”)
Occasionally giant cells
Giant cell tumor 20-40 Long tubular bones epiphysis Clusters of uniform or slightly pleomorphic spindle, ovoid
or occasionally epithelioid mononuclear cells
Numerous giant cells, often attached to clusters periphery
Rare mitotic figures
Aneurysmal bone cyst 10-25 Long tubular bones, metaphysis Hemorrhagic smears
Small clusters or dissociated bland spindle and ovoid cells
Giant cells
Histiocytes
Giant cell reparative 10-30 Craniofacial bones Clusters of mononuclear spindle cells
granuloma Small bones of hands and feet Giant cells
Histiocytes
Rare osteoblasts
Osteitis fibrosa cystica 40-70 Fascial and pelvic bones Small dyscohesive clusters of mononuclear spindle and

(brown tumor of
hyperparathyroidism)

Femur, ribs dia- and metaphysis

ovoid cells, numerous giant cells




632

H. A. Domanski et al.

Giant Cell Reparative Granuloma

Giant cell reparative granuloma is a benign reactive lesion
occurring in the craniofacial bones and the small tubular
bones of hands and feet. The so-called solid variant of
aneurysmal bone cyst and giant cell reparative granuloma
likely represent the same process, and they share the same
translocation involving the USP6 gene with classic aneu-
rysmal bone cyst. Giant cell reparative granuloma may
occur in normal bone secondary to trauma or hemorrhage
or may be associated with lesions such as brown tumor of
hyperparathyroidism. Most patients are between 10 and
30 years of age. Giant cell reparative granuloma mimics
other giant cell lesions in smears, and it is cytomorpho-

logically indistinguishable from giant cell tumor and
brown tumor (see Fig. 16.27).

Cytologic features:

* Sheets and clusters of spindle cells
e Multinucleated giant cells

e Osteoblasts

e Histiocytes

Differential diagnosis and problems in diagnosis:
e Conventional giant cell tumor

* Aneurysmal bone cyst

e Brown tumor

Fig. 16.27 Giant cell reparative granuloma. (a—c) Tight or loose clusters
of oval and spindle cells with admixture of hemosiderin-laden histiocytes
and some giant cells, both dissociated and attached to the periphery of the

mononuclear cell clusters (MGG; H&E). (d) Cell block prepared from
the aspirated material shows loosely cohesive sheets of mononuclear cells
with an admixture of osteoclast-like giant cells (H&E)
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Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) is a multilocular, locally
destructive lesion. Approximately 60% of ABC arises in the
vertebral column, the craniofacial bones, and metaphysis of
long tubular bones, but any bone can be affected. The majority
(80%) of patients are younger than 20 years of age.
Approximately 30% of ABC is associated with another tumor/
lesion occurring in bone, commonly with GCT, spinal osteo-
blastoma, chondroblastoma, and chondromyxoid fibroma.

Cytologic features (see Fig. 16.28):

* Hemorrhagic aspirates

e Variable numbers of multinucleated giant cells

e Variable presence of clusters of spindled myofibroblastic
cells

» Histiocytes and inflammatory cells

* Lack of significant cytologic atypia

Fig. 16.28 Aneurysmal bone cyst. (a—c) Poorly cellular smears show-
ing two cell populations, clustered spindle cells, and multinucleated
giant cells. A specific diagnosis depends on the radiographic findings

Differential diagnosis and problems in diagnosis:
e Conventional giant cell tumor

e Solitary bone cyst

e Giant cell reparative granuloma

e Brown tumor of hyperparathyroidism

» Telangiectatic osteosarcoma

The cytologic features of aneurysmal bone cyst, often
nonspecific, do not permit a precise diagnosis but can prompt
the categorization of ABC to the group of giant cell-rich
lesions. Radiologic and clinical data are necessary for mak-
ing a specific diagnosis. Recently, USP6 gene rearrangement
has been identified in approximately 70% of primary ABC
but not in secondary ABC and only in spindled myofibro-
blasts, not in other cell types, such as multinucleated
osteoclast-like giant cells.

1]
(H&E, MGG, Diff-Quik). (d) Cell block prepared from the aspirated

material shows scattered osteoclast-like giant cells and single spindle
cells and inflammatory cells (H&E)
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Brown Tumor of Hyperparathyroidism

Rare tumor-like lesion occurring in the skeleton is brown
tumor of hyperparathyroidism, formerly osteitis fibrosa cys-
tica, caused by a high level of parathyroid hormone. Brown
tumor is commonly seen in patients with secondary hyper-
parathyroidism due to chronic renal failure. The predilection
sites for this lesion are the facial and pelvic bones, ribs, and
femur. The site in the long bones is predominantly dia- or
metaphyseal. In brown tumor, the bone trabeculae are
replaced by fibrous tissue containing variable amount of
osteoclastic giant cells. Hemosiderin-laden macrophages
secondary to hemorrhage are always seen.

Cytologic features (see Fig. 16.29):

e Dispersed spindle cells or small- to medium-sized clus-
ters of spindle cells

e Osteoclast-like giant cells

* Hemosiderin-laden macrophages

Differential diagnosis and problems in diagnosis:
e Conventional giant cell tumor

e Aneurysmal bone cyst

¢ Reparative giant cell granuloma

Brown tumors of hyperparathyroidism are rare targets
for FNAC. Single case reports have been published, and the
cytologic findings are very similar to those in a giant cell
tumor. Without knowledge of patient age, clinical history,
site of lesion, and radiographic features, it may be impos-
sible to distinguish a brown tumor from GCT in FNA
smears.

Fig. 16.29 Brown tumor of hyperparathyroidism. (a, b) Smears show
small clusters and few dispersed spindle cells, inflammatory cells and ~ phages (MGG; H&E)
osteoclast-like giant cells (MGG). (¢, d) Middle-sized loos clusters of

spindle cells, osteoclasts-like giant cells and hemosiderin-laden macro-



16 Bone

635

Ewing Sarcoma

Ewing sarcoma is a primitive small round cell neoplasm in
the group of neuroectodermal neoplasms, whereas the term
“peripheral neuroectodermal tumor (PNET)” was tradition-
ally used when the tumor displays neuroectodermal differen-
tiation. In the World Health Organization (WHO)
Classification 2013, both neoplasms share the same name of
Ewing sarcoma.

Ewing sarcoma is the third most frequent primary bone
sarcoma after osteosarcoma and chondrosarcoma. These
neoplasms are rare before age 5 and after age 30 and
extremely rare in elderly patients. Approximately 80% of
cases arise in patients younger than 20 years old. Most com-
mon sites are the shafts of the long bones, pelvic bones, ribs,
and spine. They may, however, occur in almost any bone.
Sites of extraskeletal Ewing sarcoma include various parts of
the body (cutaneous, subcutaneous, soft tissue, paraspinal,
retroperitoneum, kidney, and breast). More than 90% of
Ewing sarcomas show cytoplasmic membrane positivity
with CD99 and about 75% nuclear staining with the
FLI-1-antibody. Differentiated subtype (previously PNET)
expresses neuroectodermal markers: neuron-specific enolase
(NSE), chromogranin A, and synaptophysin. Approximately
85% of Ewing sarcomas harbor the chromosomal transloca-
tion t(11;22)(q24;q12) involving the EWSRI gene on chro-
mosome 22 and the FLI-1 gene on chromosome 11, resulting
in the production of EWS-FLI-1 fusion oncoprotein.

Cytologic features:

* Often hypercellular aspirates

* Dispersed cells admixed with clusters of loosely cohesive
cells

» Fragile cells, “tigroid” cytoplasmic background often vis-
ible on air-dried smears

e Two cell types: large light cells and small dark cells

 Intracytoplasmic vacuoles in the intact large light cells

e Occasionally rosette-like structures

Differential diagnosis and problems in diagnosis:
* Neuroblastoma/esthesioneuroblastoma
e Alveolar rhabdomyosarcoma

¢ Non-Hodgkin lymphoma (precursor lymphoma)
e Desmoplastic small round cell tumor

e Poorly differentiated synovial sarcoma

e Small cell osteosarcoma

e Mesenchymal chondrosarcoma

The cytologic diagnostic criteria of Ewing sarcoma have
been reported in several publications [67-71]. Correct
diagnosis of Ewing sarcoma may be suggested from techni-
cally satisfactory smears and requires both air-dried and
wet-fixed smears. Double-cell population, large light cells
with abundant, “thin” cytoplasm with clear spaces or vacu-
oles and round nuclei with finely chromatin texture and
small nucleoli and small dark cells with hyperchromatic
nuclei and scanty cytoplasm, is better appreciated in the
air-dried smears, so are the “tigroid” background and intra-
cytoplasmic vacuoles (see Fig. 16.30). Nuclear characteris-
tics are better appreciated in wet-fixed smears with H&E or
Papanicolaou staining (see Fig. 16.30). When only wet-
fixed material is available, Ewing sarcoma may be difficult
to be separated from poorly differentiated synovial sarcoma
and other small round cell malignancies. Despite the fact
that diagnosis of Ewing sarcoma can be suggestive on rou-
tine-stained smears, ancillary methods remain necessary to
confirm the diagnosis. CD99 and FLI-1 are considered
highly sensitive (see Fig. 16.31), but only diffuse and strong
membranous staining pattern for CD99 is considered spe-
cific for Ewing sarcoma [72]. CD99 and FLI-1 must be
used together with a panel of other antibodies to exclude
other small round cell tumors [73]. Demonstration of the
characteristic chromosomal aberration is considered the
gold standard for diagnosing Ewing sarcoma [27, 74]. Best
results are achieved with reverse transcriptase—polymerase
chain reaction (RT-PCR) and fluorescence in situ hybrid-
ization (FISH) analysis [75]. Ewing sarcoma often presents
with a soft tissue extension, which can be misinterpreted as
a true soft tissue neoplasm prior to radiologic investigation.
The clinical setting of other small round cell tumors aids in
the differential diagnoses (e.g., esthesioneuroblastoma
occurs in nasopharyngeal space; desmoplastic small round
cell tumor most often has extensive intra-abdominal
involvement).
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Fig. 16.30 Ewing sarcoma. (a) Clusters of cohesive, small, round  (d—f) Tigroid background of the smears and two cell types: large light
tumor cells attached to the capillaries. (b, ¢) Tumor cells show small-to  cells with vacuolated and clear cytoplasm mixed with small dark cells
medium-sized irregular nuclei with tiny nucleoli and mitoses (H&E).  are evident in air-dried smears (MGG)
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Fig. 16.31 Ewing sarcoma. (a, b) Dispersed cells admixed with clus- ~ Smears with rosettes (H&E; Pap stain). (e) Cell block showing well-
ters of loosely cohesive small cells with round and spindle to oval, preserved morphology with presence of rosettes and (f) distinct mem-
irregular nuclei with coarse chromatin texture (H&E; Pap stain). (¢, d)  branous CD99 positivity
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Notochordal Tumors Differential diagnosis and problems in diagnosis:

e Chondrosarcoma
Chordoma e Clear cell- or mucin-producing adenocarcinoma

Chordoma, a malignant tumor arising from remnants of the
notochord, accounts for up to 4% of the primary bone sarco-
mas. Chordoma most commonly occurs in the sixth to sev-
enth decades and is very rare under age 30. Chordomas are
all most exclusively located in the axial spine. The sacrum is
the most common site, followed by the spheno-occipital
area, cervical spine, and thoracolumbar spine. Sacral chor-
doma is a slowly growing, locally destructive neoplasm,
which tends to expand into soft tissue, whereas intracranial
chordoma invades sella turcica, petrous, and sphenoid bones.

Cytologic features [76-79]

e Abundant myxochondroid matrix.

» Large epithelioid cells with abundant (multi)vacuolated
cytoplasm (physaliferous cells).

e Smaller round to oval and polygonal cells with granular
cytoplasm, slight to moderate anisokaryosis, bland chro-
matin, and small nucleoli.

e Strands and clusters of medium-sized epithelial-like, at
times binucleated cells.

e Myxoid and fibrillar matrix encircles single cells and
small clusters of cells.

e Rare pleomorphic cells with prominent nucleoli and mul-
tinucleated tumor giant cells.

* Myxopapillary ependymoma
e Chordoid meningioma

The characteristic features in smears are the abundant,
myxoid, often fibrillar background substance, which encir-
cles groups of cells and/or single tumor cells and the pres-
ence of the physaliferous cells with their abundant, “bubbly”
cytoplasm and round nuclei with inconspicuous nucleoli (see
Fig. 16.32). Tumor cells may be vacuolated with eccentric, at
times scalloped, nuclei, resembling lipoblasts or signet-ring
cells in adenocarcinoma. The myxoid matrix stains red blue
or violet in MGG and Diff-Quik, pale pink in H&E, and pale
green gray in Papanicolaou. Physaliferous cells are pathog-
nomonic in smears from chordoma, which helps to distin-
guish them from chondrosarcoma (see Fig. 16.33).

Immunocytochemistry helps to establish the correct diag-
nosis in difficult cases. Chordomas express S-100 protein
together with EMA and/or low molecular weight keratin (see
Fig. 16.33). Recently, Brachyury staining with nuclear posi-
tivity has been shown to be highly sensitive and specific for
chordomas (see Fig. 16.33) [80].
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Fig. 16.32 Chordoma. (a, b) Loosely clusters of tumor cells embed-
ded in a fibrillary blue-violet myxoid matrix that encircles many single
tumor cells (MGG). (¢, d) The fibrillary/myxoid background matrix is
usually less obvious in wet-fixed smears than in air-dried smears

(H&E). (e) Large cells corresponding to physaliferous cells, with abun-
dant, multivacuolated cytoplasm, and uniform, round nuclei with small
nucleoli (H&E). (f) Cell block section showing cells with abundant
vacuolated or granular cytoplasm and uniform nuclei (H&E)
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Fig. 16.33 Chordoma. (a, b) Large epithelioid cells with abundant ~ S100 protein (Keratin and S-100; cell block). (f) Brachyury staining
multivacuolated cytoplasm in the myxoid background matrix (MGG).  with nuclear positivity has been shown to be highly sensitive and spe-
(¢) Tumor cells attached to the capillaries (H&E; ThinPrep; Hologic;  cific for chordomas (Brachyury; histologic section)

Bedford, MA, USA). (d, e) Tumor cells are positive for keratin and
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Lymphohematopoietic and Histiocytic
Tumors

Plasma Cell Neoplasm: Solitary Plasmacytoma
and Plasma Cell Myeloma

Plasma cell neoplasm of the bone constitutes a spectrum of
clonal proliferations of plasma cells including solitary bone
lesion composed of neoplastic plasma cells identical to
plasma cells in myeloma, with osteolytic defects of the skel-
eton and monoclonal gammopathy. Plasma cell neoplasm of
the bone occurs predominantly in elderly patients and is rare
before age 40. The lesion is most common in bones with
active hematopoiesis such as the vertebrae, ribs, pelvic
bones, skull, and femur. Due to cortical bone destruction,
plasma cell neoplasms are most often easy to needle, and the
yield is rich [6, 81, 82]. It may be difficult to distinguish
reactive  plasmacytosis from  plasmacytoma/multiple
myeloma in bloody, hypocellular smears containing only
normal-appearing plasma cells (see Fig. 16.34). Cytologic
diagnosis may be even more difficult when the sample is
admixed with a prominent component of normal bone mar-

row cells. Flow cytometric analysis and/or immunocyto-
chemical studies are necessary for a definitive diagnosis.

Cytologic features:

e Predominantly dispersed neoplastic plasma cells, occa-
sionally in small loosely cohesive clusters

e Variable differentiation from all most normal-appearing
plasma cells to highly pleomorphic (bi- or multinucle-
ated) cells

e Occasionally, cells with plasmablastic morphology
(immunoblast-like cells with prominent central nucleoli)

Differential diagnosis and problems in diagnosis:
e Large B-cell lymphoma of immunoblastic type
¢ Reactive benign plasmacytosis

e Metastatic carcinoma

The neoplastic plasma cells express monotypic immuno-
globulin light chains and heavy chains and, in most cases,
express CD138 and CD79A and, in approximately 40% of
cases, EMA (see Fig. 16.34).
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b -,

Fig. 16.34 Plasma cell neoplasm. (a—d) Smears containing predomi-  plasma cells to highly pleomorphic (bi- or multinucleated) cells (MGG).
nantly dispersed, slightly atypical, neoplastic plasma cells (H&E; (f) Tumor cells are positive for CD138 (CD138; cell block)
MGG). (e) Variable differentiation from almost normal-appearing
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Primary Lymphoma of the Bone

Primary bone lymphomas are rare lesions and comprise
approximately 3-7% of all malignant bone tumors. The
majority of lymphomas occur in the long bones followed by
the pelvic bones and the spine. Any age group may be
affected, but most patients are older than 45 years of age. The
vast majority of lymphomas are aggressive B-cell lympho-
mas (diffuse large B-cell lymphoma). Certain subtypes such
as precursor (lymphoblastic) lymphoma and anaplastic large
cell lymphoma may arise in children and young adults.
Cytologic diagnostic criteria are the same as for nonosseous
lymphoma (see Chap. 9).

Differential diagnosis and problems in diagnosis:

* Ewing sarcoma

e Immunoblastic or plasmablastic variants of plasmacy-
toma [83]

e Granulocytic sarcoma

e Metastatic small cell undifferentiated carcinoma

Langerhans Cell Histiocytosis (Eosinophilic
Granuloma)

Langerhans cell histiocytosis (LCH) is a localized or
systemic clonal proliferation of Langerhans cells. Most fre-
quent sites of LCH are the bones and skin. LCH may appear
at any age, but most cases occur in children between 5 and
10 years of age. The bone lesions might be solitary (most
common) or multiple. Although any bone can be involved,
the skull, femur, and humerus are commonly affected in chil-
dren and the skull, pelvic bones, and ribs in adults. Cytologic
features of Langerhans cell histiocytosis have been infre-
quently reported [6, 84—88].

Cytologic features (see Fig. 16.35):

e Langerhans cells in loosely cohesive clusters or sheets or
single cells

¢ Ovoid, reniform, or lobulated nuclei

e Nuclear grooves (“coffee-bean’ nuclei)

* Binucleated and multinucleated histiocytes often present

e Bland chromatin and small nucleoli

e Abundant pale cytoplasm

e Variable numbers of eosinophils,
lymphocytes

e Occasional osteoclast-like giant cells

neutrophils, and

Differential diagnosis:
e Nonspecific osteomyelitis

The Langerhans cells stain for S-100 protein (nuclear and
cytoplasmic) and CDla and Langerin/CD207 (membra-
nous). Another diagnostic feature is the presence of Birbeck
granules in EM. Recently, somatic BRAF mutation has been
shown in more than half of LCH cases, which can be detected
by BRAF V60OE IHC.
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Fig. 16.35 Langerhans cells histiocytosis. (a—d) Loosely cohesive  (e) Admixture of eosinophilic and neutrophilic granulocytes and
clusters or single Langerhans cells with moderate to abundant cyto-  occasional Charcot-Leyden crystals (H&E). (f) Langerhans histio-
plasm and rounded or ovoid, reniform or lobulated nuclei with cytes are positive for CD1a (cell block)

nuclear grooves and admixture of eosinophilic granulocytes (MGG).
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Bone Metastases

The skeleton is the third most common site to be involved by
metastases following the lungs and liver. Metastatic carcino-
mas are the most frequent malignant neoplasm of the
skeleton. Metastatic deposits occur usually in bones with
active bone marrow such as the vertebrae, pelvic bones, ster-
num, ribs, and proximal femur. Any bone can be affected,
however. Any malignant tumors can metastasize to the skel-
eton, but approximately 80% of metastases are from carcino-
mas of the breast, prostate, kidney, lung, and gastrointestinal
tract.

According to Shih et al. [89] the kidney, lung, liver, pros-
tate, and thyroid gland were the most common sources of

solitary bone metastasis, and in another study the most com-
mon primary sites were the lung, prostate, breast, and liver
[90]. Malignant melanoma is a not uncommon metastatic
tumor in adults.

In the pediatric age, most common neoplasms metastasiz-
ing to the bone are rhabdomyosarcoma, neuroblastoma, and
clear cell sarcoma of the kidney. When a solitary destructive
bone lesion is the first sign of malignancy, FNA is very use-
ful to rapidly identify or suggest the primary site. Many met-
astatic tumors attempt to recapitulate the original neoplasm
[22, 91, 92]. Access to ancillary techniques, especially
immunocytochemical examinations, is necessary to establish
origin of metastasis in majority of cases (see Fig. 16.36).
Examples of useful antibodies are suggested in Table 16.4.

Fig. 16.36 Bone metastases. Skeletal metastasis of uterine mixed
Miillerian tumor: (a) smears and (b) cell block show poorly cohesive
clusters of pleomorphic tumor cells with epithelial and mesenchymal
differentiation (MGG; H&E). (¢) Skeletal metastasis of renal cell carci-
noma: clusters of round, oval, and polygonal cells with abundant granu-

lar, foamy, and vacuolated cytoplasm and (d) tumor cells attached to
capillary vessels (H&E; MGG). (e) Skeletal carcinoma metastasis in
patient with history of mammary carcinoma (MGG). (f) Tumor cells are
positive for estrogen, which indicates a diagnosis of metastasis from
breast carcinoma (ThinPrep; Hologic, Bedford, MA)
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Fig. 16.36 (continued)
Table 16.4 Useful antibodies in the diagnosis of metastases to the bone
Primary site/tumor Antibody Comments

Kidney

Renal cell carcinoma

CK38/18; CK7/20; CD10, PAX8 and PAX2, RCC

CK8/18+; CD10+; CK7/20-, PAX-8+(nuclear)

Urothelial carcinoma

CK7/20, p63, GATA3

CK7/20+; p63+, GATA3+

Lung

Squamous carcinoma

CK5/6, CK7

CK5/6+; CK7+ or —

Adenocarcinoma

CK?7/20, TTF-1, napsin A

CK20-/CK7+; TTF-1/napsin A+

Small cell carcinoma

CK7/20; TTF-1, chromogranin/synaptophysin

CK7/20-; TTF-14; chromogranin/synaptophysin+

Breast

CK7/20, ER, PR, GATA3

CK7+/GATA3+; CK20—-

Thyroid

Follicular cell neoplasm

Thyroglobulin, TTF-1, PAX-8

Medullary carcinoma

Calcitonin, CEA, TTF-1

Colon

CK7/20; CDX-2, SATB2

CK20/CDX-2+SATB2+; CK7—

Prostate CK8/18, CK7/20, PSA, NKX3.1 CK8/18+; PSA+, NKX3.1, CK7/20—
Melanoma S-100, HMB45, MelanA, SOX10

Rhabdomyosarcoma Desmin, Myo-D1 (or myogenin)

Neuroblastoma NSE, chromogranin
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Bone Lesions Rarely Examined by FNA
Fibrous Cortical Defect (Nonossifying Fibroma)

Fibrous cortical defect is usually an incidental finding involv-
ing the metaphyseal region of long bones or the pelvis; occa-
sionally, fracture may be the first sign of presentation. When
the tumors extend from the cortex to the medullary cavity,
the term “nonossifying fibroma” is used. Predilection sites
are the femur and the tibia. The tumors occur in the second
decade of life and are virtually never seen after age 30. The
lesions have a characteristic radiographic appearance, and
FNA examination is most often unnecessary.

Fibrous Dysplasia

Fibrous dysplasia is a solitary or multifocal intramedullary
benign lesion. The solitary (monostotic) type is more com-
mon accounting for approximately 70-90% of lesions. Most
cases are diagnosed before age 40, and the highest incidence
is in the second decade of life. Commonly affected bones are
the craniofacial bones, ribs, femur, and tibia, although any
bone may be involved. Common symptoms are bone defor-
mity and soft tissue swelling, sometimes pathological
fracture.

While histologic sections of fibrous dysplasia display
characteristic diagnostic features of cellular fibrous matrix
containing a variable amount of irregular arranged bony tra-
beculae similar to Chinese characters and with admixture of
osteoclasts, cytologic features are less characteristic, a mix-
ture of uniform spindle cells or cohesive clusters of spindle
cells with some osteoclasts and occasionally osteoblastic
cells (see Fig. 16.37). Cytologic findings in single case
reports of fibrous dysplasia have been reported. The smears
contained osteoclast-like giant cells and tissue fragments
probably representing woven bone [93, 94]. Presumably, the
only indication for FNAC is when the presenting symptom is
a pathological fracture.

Fig. 16.37 Fibrous dysplasia. (a, b) Juxtaposed fragments of irregular ossifying bone and bland spindle cells often with crush artifact (H&E and

Diff-Quik)
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Adamantinoma

Adamantinoma is a rare biphasic (mesenchymal and epithelial)
malignant tumor arising in the tibia, occasionally in the fibula.
Two subtypes of adamantinoma, classical (mainly in children
and young adults) and osteofibrous dysplasia-like (mainly in
adults), have been reported. The classic type may show cortical
destruction and involve soft tissue, while the osteofibrous dys-
plasia-like adamantinoma is an intracortical tumor.

Cytologic features (see Fig. 16.38):

e Predominantly bland-appearing spindle cells

e Cohesive clusters of epithelial cells (often basaloid or
squamoid)

Only single case reports of FNAC of adamantinoma have
been published [95]. The clue to the diagnosis is the presence
of double-cell population of spindle-shaped mesenchymal
cells and epithelial cells.

Fig. 16.38 Adamantinoma. (a, b) Cohesive clusters of epithelioid cells with moderate cytoplasm and round, somewhat irregular nuclei with small

nucleoli (MGG)
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Vascular Neoplasm arising primarily in the bone are uncommon. Few reports
describing FNA features of primary vascular neoplasm of the

While solitary or multiple hemangiomas, usually involving bone exist [96-98]; morphology of smears is comparable

vertebral bodies of the spine, are common neoplasms in the =~ with morphology in other settings (see Fig. 16.39).

bone, epithelioid hemangioendothelioma and angiosarcoma

Fig. 16.39 Epithelioid hemangioendothelioma. (a—c¢) Small dyscohesive clusters and dispersed single cells with variable-sized, round to oval
nuclei and moderate to abundant cytoplasm with occasional cytoplasmic densities (MGG)
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