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Conventional cytogenetic analysis performed from open biopsy tissue samples may be a useful adjunct for the
histologic subtyping of bone and soft tissue sarcomas. However, its diagnostic utility in fine needle aspiration
biopsy (FNAB) specimens is unclear. We retrospectively reviewed 24 consecutive FNAB bone and soft tissue
sarcoma specimens, procured from 1995 to 2003, in which aspirated material was obtained for cytogenetic
analysis. The study sample included eight Ewing sarcomas, six synovial sarcomas, five rhabdomyosarcomas,
two myxoid liposarcomas, and one each of myxoid chondrosarcoma, osteosarcoma, and atypical lipoma.
Cytogenetic analysis confirmed the t(X;18) in all six synovial sarcomas and the t(11;22) in three Ewing
sarcomas. The t(2;13) was strongly suggested in one alveolar rhabdomyosarcoma. For two of these cases (both
of which were synovial sarcomas), cytogenetic analysis was necessary for definitive diagnosis. While the
positive cytogenetic results were supportive in the remainder, all were initially and accurately subtyped based
on cytomorphology and/or immunohistochemistry. Cytogenetic analysis was noncontributory (eg no growth) in
14 sarcoma cases, but excluding the case of atypical lipoma, this did not preclude the rendering of an accurate
diagnosis. Cytogenetic analysis can be performed on FNAB specimens from bone and soft tissue sarcomas and
may be a useful diagnostic aid in difficult cases. However, when cell block material is available for
immunohistochemistry, the majority of such cases are successfully subtyped.
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The use of conventional cytogenetic analysis as an
ancillary technique for the diagnosis of sarcomas is
well documented in the surgical pathology litera-
ture. However, its reported usefulness in fine needle
aspiration biopsy specimens (FNAB) is limited to
rare series and isolated case reports, usually docu-
mented in clinical settings outside of the US.1–5 Not
surprisingly, in our experience, many pathologists
remain skeptical of the utility of FNAB for the
diagnosis of sarcomas, and some appear unaware
that such ancillary techniques as flow cytometry,
karyotype, and fluorescence in situ hybridization

(FISH) may be successfully performed in routine
clinical practice. We present herein our experience
with the utility of FNAB and cytogenetic analysis as
the initial diagnostic procedure of 24 patients. To
our knowledge, this is the first report critically
analyzing and evaluating the role, diagnostic accu-
racy, and utility of conventional cytogenetic analysis
obtained from aspirates of a variety of bone and soft
tissue sarcomas.

Materials and methods

We retrospectively reviewed 24 consecutive FNAB
bone and soft tissue sarcoma specimens in which
aspirated material was obtained for cytogenetic
analysis from all 24 patients, none of whom had a
previously established sarcoma diagnosis. All the
material was reviewed by one (SEK) of us. The study
sample included eight Ewing sarcomas; six synovial
sarcomas; five rhabdomyosarcomas; two myxoid
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liposarcomas; and one each of myxoid chondro-
sarcoma, osteosarcoma, and atypical lipoma. All
cytologic samples were obtained without general
anesthesia using 23- and 25-gauge needles by the
standard manual method at Wake Forest University
Medical Center (WFU) (16 aspirates) and University
of North Carolina Hospitals (UNC) (eight aspirates).
Aspirated material was expelled onto glass slides
and smeared using a second glass slide. Half of the
smears were air dried and stained with Diff-Quiks

(Fisher Scientific Biomedical Sciences Inc.,
Swedesboro, NJ, USA). An equal number of slides
were immediately immersed in 95% ethanol for
staining by the Papanicolaou method. Immediately
following the FNAB, a portion of the sample was
screened utilizing the Diff-Quiks stain, and a
preliminary interpretation rendered. Second or third
FNAB were performed for additional material or
studies (eg cell block and/or cytogenetics), when
deemed potentially helpful for the diagnosis. Cell
blocks were prepared from 23 FNAB specimens. For
further details regarding our FNAB services and
preparation of cell blocks, the reader is referred to a
prior publication.1 When available and necessary (18
cases), sections of cell block material were examined
immunocytochemically utilizing the avidin–biotin–
peroxidase complex and employing commercially
available antibodies to the following antigens: S-100
protein (polyclonal 1/2; Dakopatts, Carpinteria, CA,
USA); cytokeratin (monoclonal, AE1/AE3, 1/100
Boehringer Mannheim, Indianapolis, IN, USA),
vimentin (monoclonal, 1/25; BioGenex, San Ramon,
CA, USA); desmin (monoclonal, D33, 1/300, Dako-
patts); muscle-specific actin (monoclonal, HHF-35,
1/25 000; Enzo Diagnostics, Farmingdale, NY, USA);
and CD99 (monoclonal 013, 1/40; Signet, Dedham,
MA, USA). Appropriate positive and negative con-
trols were utilized throughout these procedures.
Generally, we prefer a formalin-fixed block over
cytologic smears for immunohistochemical evalua-
tion, as adequate positive and negative histologic
controls are readily available.

Specimens for cytogenetics were collected in
RPMI 1640 tissue culture medium. FNABs were

processed by cutting the tissue (if present) into
minute fragments and incubating it in collagenase
for 11/2h with shaking at 361C Two ml PC-1 media
(5% fetal calf; L-glutamine; Pen-Strep) was added to
stop collagenase action. The supernatant was dis-
carded and the cells were resuspended in 4ml PC-1
media and planted in two T-25 flasks. All cultures
were incubated at 371C in CO2/N2 incubators. After
cell growth was established, media was removed,
cells were rinsed with F-10 media (Life Techno-
logies (Gibco), Grand Island, NY, USA) and then
trypsinized (10� trypsin 0.05% and EDTA) and
plated onto 3–5 coverslips. Cells were incubated
for 2–5 additional days. Colcemide was added for
2h, and the cultures were harvested and slides
prepared using routine laboratory techniques. All
metaphase cell preparations were GTG banded; 20
cells were examined and karyotypes were analyzed
based on ISCN, 1995 nomenclature.6

Results

Those sarcomas in which cytogenetic results were
successfully obtained are summarized in Table 1.
Conversely, sarcomas in which FNAB failed to
produce cytogenetic results are listed in Table 2.
Cytogenetic analysis confirmed the t(X;18)(p11;q11)
in all six synovial sarcomas and the t(11;22)
(q24;q12) in three (of eight) Ewing sarcomas. The
t(2;13) was identified in one cell in one case
(Case 10) of alveolar rhabdomyosarcoma. For two of
the above karyotype ‘positive’ cases (both of which
were synovial sarcomas), the karyotype result was
crucial for definitive diagnosis, whereas karyotype
was supportive of the histopathologic diagnosis in
the remaining cases. In one of these cases (Case 7),
the tumor cells were strongly and diffusely positive
for CD99 and focally positive for cytokeratin
(Figures 1–3). The differential diagnosis included
Ewing sarcoma and synovial sarcoma. The results
of cytogenetic analysis confirmed the t(X;18), thus
facilitating a diagnosis of synovial sarcoma (Figure 4).
In the other case (Case 8), immunohistochemistry

Table 1 Clinicopathologic and cytogenetic features of the successful study cases

Patient Age/gender Primary site Cytologic diagnosis Cytogenetic abnormality

1 5/M R. femur Ewing’s sarcoma t(11;22)(q24;q12)
2 26/M L. Buttock Ewing’s sarcoma t(11;22)(q24;q12)
3 6/F R. Thigh Ewing’s sarcoma t(11;22)(q24;q12)
4 15/F R. Buttock Synovial sarcoma t(X;18)(p11;q11)
5 35/M R. Thigh Synovial sarcoma t(X;18)(p11;q11)
6 36/M R. Ankle Synovial sarcoma t(X;18)(p11;q11)
7 18/M R. Buttock Synovial sarcoma t(X;18)(p11;q11)
8 31/M L. Thigh Synovial sarcoma t(X;18)(p11;q11)
9 20/M L. Foot Synovial sarcoma t(X;18)(p11;q11)
10 14/M R. Neck Alveolar RMS t(2;13)(q35;q14)a

M¼male; F¼ female; R¼ right; L¼ left; RMS¼ rhabdomyosarcoma.
a
Documented in one cell.
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could not be performed due to an inadequate cell
block. While the positive cytogenetic results were
merely supportive of histopathologic findings in the
remainder of cases, all karyotypes were consistent
with the classification, which had initially been
based on cytomorphology and/or immunohisto-
chemistry. Cytogenetic analysis was noncontribu-
tory (eg no growth) in 14 sarcoma cases but,
excluding the case of atypical lipoma, did not
preclude the rendering of an accurate diagnosis.
Two other cases of alveolar rhabdomyosarcoma and
one embryonal rhabdomyosarcoma produced no
growth. Cytogenetic analysis was also attempted
but was unsuccessful on two cases of myxoid
liposarcoma and one case each of myxoid chondro-
sarcoma, osteosarcoma, and atypical lipoma. Immuno-
histochemistry was utilized for all but one (Case 8)
of the cases listed in Table 1 and for Cases 1–9 in
Table 2.

Table 2 Clinicopathologic features of the unsuccessful study cases

Patient Age/gender Primary site Cytologic diagnosis Histologic diagnosis

1 16/F Shoulder Ewing’s sarcoma Ewing’s sarcoma
2 13/M R. calcaneus Ewing’s sarcoma Ewing’s sarcoma
3 17/M R. femur Ewing’s sarcoma Ewing’s sarcoma
4 7/F L. foot Ewing’s sarcoma Ewing’s sarcoma
5 32/M L. chest Ewing’s sarcoma Ewing’s sarcoma
6 11/M L. neck RMS Alveolar RMS
7 14/M L. cheek RMS Alveolar RMS
8 4/F R. calf RMS Alveolar RMS
9 7/M Abdomen RMS Embryonal RMS
10 37/M L. buttock MLS MLS
11 29/F R. thigh MLS MLS
12 47/M L. thigh MCS MCS
13 15/F L. femur Osteosarcoma Osteosarcoma
14 76/M R. hand Adipose tissue Atypical lipoma

M¼male; F¼ female; R¼ right; L¼ left; RMS¼ rhabdomyosarcoma; MLS¼myxoid liposarcoma; MCS¼myxoid chondrosarcoma.

Figure 1 Case 7. Cell block showing a mostly uniform population
of round to ovoid cells, suggestive of synovial sarcoma (Hematox-
ylin & Eosin).

Figure 2 Case 7. Cell block. Tumor showing diffuse and strong
membranous positivity for CD99.

Figure 3 Case 7. Cell block. Tumor showing patchy and focal
cytoplasmic positivity for cytokeratin.

Cytogenetic analysis in FNA of sarcomas
SE Kilpatrick et al

817

Modern Pathology (2006) 19, 815–819



Discussion

This study illustrates the utility of cytogenetics in
the routine work-up of sarcomas collected by FNAB.
This is important since sarcomas are increasingly
being recognized and classified by their genetic
defects, and these defects are often visible by
karyotype or FISH analysis. Furthermore, a cytoge-
netic defect serves as a tumor marker that might be
helpful in staging or in measuring minimal residual
disease. Novel therapies are now being explored
that target the underlying genetic defects responsi-
ble for tumor cell growth, making it all the more
important to identify these defects using genetic
technologies.

In the past, a major argument against the use of
FNAB for sarcomas has been its perceived unavail-
ability of adequate material for necessary ancillary
studies.7 However, the literature clearly demon-
strates that one or more FNAB passes may obtain
adequate material for immunocytochemistry (cell
block), conventional cytogenetic analysis, flow
cytometry and image analysis, and even research
purposes, with informed consent of the pa-
tient.1,3,4,8,9 Other groups of investigators have
successfully used polymerase chain reaction (PCR)

amplification techniques on archival FNAB cytolo-
gic smears, confirming the EWS/FLI-1 fusion pro-
duct of Ewing’s sarcoma, the SYT/SSX fusion
product of synovial sarcoma, and the detection of
Herpesvirus-8 in cases of Kaposi’s sarcoma.10–12 For
the detection of the SYT/SSX fusion transcript by
reverse transcriptase PCR, Inagaki et al11 reported a
higher sensitivity among cytologic samples (91%)
compared to more traditional frozen biopsy materi-
als (75%). We have no experience with PCR and
archival cytologic material. However, commercially
available FISH probes can now be obtained for the
detection of gene fusion products of most sarcomas
with specific cytogenetic and gene fusion abnorm-
alities. Recently, one of us (SB) successfully con-
firmed the SYT/SSX fusion gene transcript of
synovial sarcoma on archival histologic and cytolo-
gic material, none of which represented the study
cases. At the time of our study, these probes were
not being utilized at either UNC or WFU for archival
cytologic material.

Among bone and soft tissue tumors with diag-
nostically helpful and reproducible cytogenetic
abnormalities (excluding one case of osteosarcoma),
we were able to confirm such abnormalities using
conventional cytogenetic analysis in 10 cases. As
expected, we do not usually obtain aspirates for
cytogenetic analysis unless our immediate cytologic
assessment deems it potentially helpful for defini-
tive diagnosis. For example, if the immediate
assessment suggests a small round cell tumor
(eg Ewing’s sarcoma), we attempt to obtain material
for cytogenetic analysis; conversely, if the differen-
tial diagnosis represents an adult pleomorphic
sarcoma, we generally do not try to obtain such
material, as these tumors generally do not have
specific, reproducible cytogenetic abnormalities. In
our experience, each ancillary study generally
requires at least one additional (separate) FNAB
pass (eg a cell block for immunocytochemistry
necessitates one pass, cytogenetics studies require
1 pass, etc.). For the current cases, only one aspirate
was performed and placed into cytogenetic media.
Whether additional passes would have improved
our yield is unclear and should be further investi-
gated.

For the successfully cultured and karyotyped
cases, there was a clear bias towards high-grade
sarcomas. Higher-grade sarcomas typically yield a
more proliferative cell line, likely lending itself to a
higher success rate. Among high-grade sarcomas, we
confirmed the t(X;18) in all six cases of synovial
sarcoma and the t(11;22) in three (of 8) Ewing’s
sarcomas. For one alveolar rhabdomyosarcoma
with characteristic small round blue cell morpho-
logy, a t(2;13) was found in one cell. In the literature,
it appears that the best results for FNAB
and cytogenetic analysis have been obtained in
Ewing’s sarcomas.3,4 We were not able to confirm
cytogenetic abnormalities among any of our low-
grade sarcomas (eg myxoid liposarcoma, myxoid

Figure 4 Case 7. Conventional cytogenetic analysis revealing the
characteristic t(X;18) of synovial sarcoma.
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chondrosarcoma, and atypical lipoma), but perhaps
newer molecular technologies will overcome the
technical limitations of traditional karyotype in
these cases.

It is no accident that bone and soft tissue tumors
with relatively specific cytogenetic abnormalities
also tend to have relatively specific immunohisto-
chemical properties. For cases in which a cell block
and immunohistochemical analysis were available
and performed, accurate histologic subtyping
occurred in all but one case (Case 7). This case
represented a synovial sarcoma with cytomorpho-
logy that tended to favor this diagnosis (eg slightly
spindled), but the immunohistochemistry was equi-
vocal (eg strong and diffuse CD99 positivity and
focal and patchy cytokeratin positivity). The differ-
ential diagnosis included Ewing’s sarcoma. Cyto-
genetic analysis yielded the t(X;18), which was
crucial in making the diagnosis of synovial sarcoma.
Cytogenetic analysis also helped resolve another
case of synovial sarcoma (Case 8) in which a cell
block was not obtained.

We do not believe that FNAB can reproducibly
and reliably distinguish inadvertently sampled
subcutaneous fat, lipoma, or well-differentiated
lipoma-like liposarcoma, as all may contain areas
of normal-appearing adipose tissue.1 Others have
documented similar difficulties.13,14 For the above
reasons, deeply seated soft tissue lesions that appear
predominantly fatty by current imaging modalities
are probably best evaluated by tissue biopsy. Our
series included one case of atypical lipoma (well-
differentiated liposarcoma), involving the thenar
eminence of the right hand that was not diagnosable
by FNAB. The cytologic smears showed mostly
normal-appearing adipose tissue; cytogenetic analy-
sis was non-contributory.

In conclusion, conventional cytogenetic
analysis may be successfully performed on FNAB
specimens from bone and soft tissue sarcomas
and is a useful diagnostic aid in difficult cases.
Higher-grade sarcomas are more easily confirmed
by cytogenetic analysis than lower-grade forms.
Further studies are needed to address whether
additional FNAB passes will increase the yield
and success of cytogenetic analysis. Nevertheless,
when cell block material is available for immuno-
histochemistry, the majority of sarcoma subtypes
with specific cytogenetic profiles can be success-
fully classified with or without conventional cyto-
genetic analysis.
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