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Well-differentiated liposarcoma/atypical lipomatous tumor can be difficult to differentiate from benign

lipomatous tumors, especially on limited biopsy material. Adjunctive tests for MDM2 (murine double minute 2)

have proven useful in whole-tissue sections; however, their utility has not been determined within the

increasingly popular core needle biopsy. Herein, we compare the ability of MDM2 immunohistochemistry and

MDM2 fluorescence in situ hybridization (FISH) to discriminate benign lipomatous tumors from well-

differentiated liposarcoma on core needle biopsies. Well-differentiated liposarcoma (n¼ 17) and an assortment

of benign lipomatous tumors (n¼ 37), which had concurrent or previous core needle biopsies, and resection

specimens were subjected to both MDM2 immunohistochemistry and MDM2 FISH on both whole-tissue

sections and corresponding core needle biopsy sections. Percentage tumor cells positive for MDM2 by

immunohistochemistry and an MDM2:CEP12 FISH ratio was calculated in each biopsy and resection specimen

pair and the results were compared. MDM2 FISH had a higher sensitivity (100%) and specificity (100%)

compared with MDM2 immunohistochemistry (65 and 89%) in core needle biopsies, respectively. In addition,

MDM2 immunohistochemistry had a false-positive rate of 11%, compared to 0% with FISH. The average

MDM2:CEP12 ratio was similar in the biopsy material compared with the whole-tissue sections in both well-

differentiated liposarcoma and the benign lipomatous tumor group of neoplasms. Detection of MDM2

amplification by FISH is a more sensitive and specific adjunctive test than MDM2 immunohistochemistry

to differentiate well-differentiated liposarcoma from various benign lipomatous tumors, especially on limited

tissue samples.
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Well-differentiated liposarcoma/atypical lipomatous
tumor is a locally aggressive mesenchymal neoplasm
with varying degrees of mature adipocytic differentia-
tion admixed with atypical stromal cells.1 Well-
differentiated liposarcoma is one of the most common

sarcomas presenting in adults, usually arising in the
retroperitoneum, in the deep soft tissues of the
extremities, and in the paratesticular area.2 Lacking
metastatic potential, unless it dedifferentiates (ded-
ifferentiated liposarcoma), well-differentiated liposar-
coma is potentially curable with complete excision,
especially when located in sites such as the deep soft
tissue of the extremities wherein a wide margin is
feasible. On the other hand, lipomas of deep soft
tissue, including the retroperitoneum, though rare,
also exist.3 As the biology of these lesions is entirely
benign, they can be resected with a minimal margin or
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some patients might choose not to resect them at all if
they are asymptomatic. Therefore, precise recognition
by core needle biopsy of lipoma and well-differen-
tiated liposarcoma can facilitate appropriate surgical
management, which is important for best patient care
practices.

Distinguishing well-differentiated liposarcoma
from benign lipomatous tumor mimics such as
intramuscular lipoma can be difficult by traditional
light microscopy, especially when examining small
biopsies (that is, core needle biopsies). The diag-
nostic atypical, hyperchromatic and enlarged cells
found in the lipoma-like variant of well-differen-
tiated liposarcoma may not be sufficiently repre-
sented in small biopsies. A brisk inflammatory
component characteristic of the inflammatory var-
iant of well-differentiated liposarcoma may also
obscure the diagnostic findings.4 Furthermore,
morphological findings including pseudolipoblasts,
pleomorphic cells, fat necrosis, and intermixed
skeletal muscle fibers found in the various benign
lipomatous mimickers such as intramuscular lipo-
ma, pleomorphic lipoma, and hibernoma can lead to
diagnostic confusion. Thus, the use of adjunctive,
relatively objective analytical tools would be useful
in these circumstances to help discriminate between
these entities, especially in difficult cases or in
which there is limited biopsy material such as core
needle biopsy.

Well-differentiated liposarcomas have been
found by molecular and cytogenetic studies to
harbor characteristic ring and giant marker chromo-
somes containing amplification of the 12q13-15
region, which includes the MDM2 (murine double
minute 2) gene.5–7 MDM2 is an oncogene thought to
have a direct role in the pathogenesis of well-
differentiated liposarcoma by influencing the cell
cycle through degradation of P53.8 Detection of the
resultant MDM2 amplification by fluorescence in
situ hybridization (FISH) or the corresponding
protein overexpression by immunohistochemistry
have been shown to be both very sensitive and
specific for the distinction of various well-differ-
entiated liposarcoma subtypes from their morpho-
logical mimickers.4,9–12 However, both adjunctive
tools have predominantly been evaluated retrospec-
tively on whole-tissue sections from resection
specimens. The utility of both the detection of
MDM2 amplification by FISH and MDM2 protein
overexpression by immunohistochemistry have not
been studied or compared in limited biopsy materi-
al/core needle biopsies. Herein, we evaluate their
utility and determine whether immunohistochem-
istry or FISH is better able to detect MDM2
expression and MDM2 amplification, respectively,
in a series of core needle biopsies of lipomatous
neoplasms. In addition, we designed our study to
compare the results of both adjunctive tests in the
biopsy/resection specimen pairs from the same
patient to make sure that the biopsy results were
representative.

Materials and methods

After appropriate local institutional review board
approval, various fatty neoplasms recognized in the
Department of Anatomic Pathology at the Cleveland
Clinic between May 2007 and July 2008 were
biopsied at the surgical pathology desk using a 14 g
tru-cut trochar with at least three passes or until
adequate sample was achieved. Simultaneously, the
specimen was processed according to standard soft
tissue tumor protocol. Classification of the lipoma-
tous neoplasms was determined by hematoxylin-
and eosin-stained tissue sections of the specimens
independently reviewed by two soft tissue patho-
logists (JRG and BPR); discordant cases were
reevaluated. Additional cases of well-differentiated
liposarcoma with previous core needle biopsies
were retrieved from the archives of the Department
of Anatomic Pathology at UT-MD Anderson Cancer
Center with appropriate local institutional review
board approval.

The consensus-verified diagnostic categories in-
cluded well-differentiated liposarcoma (n¼ 17: 6
from Cleveland Clinic; 11 from UT-MD Anderson),
dedifferentiated liposarcoma (n¼ 1), intramuscular
lipoma (n¼ 8), superficial lipoma (n¼ 11), fibroli-
poma (n¼ 3), angiolipoma (n¼ 10), spindle cell/
pleomorphic lipoma (n¼ 2), myelolipoma (n¼ 1),
lipoblastoma (n¼ 1), and hibernoma (n¼ 1).

One whole-tissue section and biopsy section
from each case were used to perform MDM2
FISH analysis. FISH was performed with a labora-
tory-developed BAC label probe cocktail from
RP11-775J10 and RP11-450G15 BAC DNAs pur-
chased from Roswell Park Cancer Institute, Buffalo,
NY, USA specific for MDM2 (12q15) and a probe
specific for the centromeric region of chromosome
12 (Abbott Molecular, DesPlaines, IL, USA), as
previously described.12 MDM2 FISH was scored
blindly as previously described.12 The average
number of MDM2 and CEP12 signals was then
determined and aMDM2/CEP12 ratio was calculated
for each case. A ratio Z2.0 was considered ampli-
fied for the MDM2 gene, whereas a ratio o2.0 was
considered nonamplified. A ratio of o2.0 with 42
signals of both probes was considered polysomic for
CEP12.

The MDM2 immunohistochemistry was per-
formed on 4-mm thick paraffin-embedded sections
on glass Superfrostþ slides using a Discovery XT
(Ventana Medical Systems, Tucson, AZ, USA)
automated immunohistochemistry instrument with
a biotin-free, multimer technology detection kit and
conjugate (ChromoMap DAB Kit (760–159)/Omni-
Map anti-Ms HRP (760–4310), Ventana Medical
Systems). For antigen retrieval, CC1 (950–124,
Ventana Medical Systems) was used. The antibody
was incubated for 1h at room temperature. The
primary MDM2 antibody was from Zymed Labora-
tories (clone IF2, dilution 1:50). Immunohistochem-
istry slides were evaluated by two independent soft
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tissue pathologists (JRG and BPR); discordant cases
were reevaluated. MDM2 expression by immuno-
histochemistry was scored on the basis of percen-
tage of positive lesional nuclei: 0¼ 0%, 1þ ¼ 1–
25%, 2þ ¼ 26–50%, and 3þ ¼450%. A tumor was
considered MDM2 positive when a score of Z1þ
was assigned. Only nuclear staining was scored as
positive.

Results

MDM2 Protein Overexpression by IHC

The MDM2 protein overexpression by immunohis-
tochemistry was shown in most well-differentiated
liposarcoma resection sections (n¼ 15/17; 88%), but
detected less frequently in the biopsy sections
(n¼ 11/17; 65%) (Figure 3). In addition, various

benign lipomatous neoplasms (Table 1) had evi-
dence of false-positive MDM2 staining in both
biopsy and resection specimens, 11 and 3% of the
time, respectively. Further analysis of MDM2 im-
munohistochemistry revealed that most of the
positive cases (57% of well-differentiated liposarco-
mas and 100% of benign lipomatous tumors)
exhibited only 1þ immunoreactivity (Table 2).

MDM2 Amplification by FISH

MDM2 amplification by FISH was present in 11/11
biopsy and 16/17 resection specimens (Figure 4).
The average MDM2:CEP12 ratio within the well-
differentiated liposarcoma group was 4.6. None of
the various benign lipomatous neoplasms studied
(Table 1) showed amplification of MDM2 by FISH.
The average MDM2:CEP12 ratio within the benign

Table 1 Results of MDM2 immunohistochemistry and FISH adjunctive tests on both well-differentiated liposarcomas/atypical
lipomatous tumors and a variety of benign lipomatous neoplasms

Category MDM2 + immunohistochemistry MDM2 + FISH No. of cases with autofluorescence

Well-differentiated liposarcoma (n¼17)
Biopsy 11/17 (65%) 11/11 (100%) 6
Resection 15/17 (88%) 16/17 (94%) 0

Lipoma (n¼ 11)
Biopsy 1/11 (9%) 0/9 (0%) 2
Resection 1/11 (9%) 0/11 (0%) 0

Spindle cell/pleomorphic lipoma (n¼2)
Biopsy 1/2 (50%) 0/2 (0%) 0
Resection 0/2 (0%) 0/2 (0%) 0

Angiolipoma (n¼10)
Biopsy 1/10 (10%) 0/9 (0%) 1
Resection 0/10 (0%) 0/8 (0%) 2

Dedifferentiated liposarcoma (n¼1)
Biopsy 1/1 (100%) 1/1 (100%) 0
Resection 1/1 (100%) 1/1 (100%) 0

Myelolipoma (n¼ 1)
Biopsy 0/1 (0%) 0/1 (0%) 0
Resection 0/1 (0%) 0/1 (0%) 0

Intramuscular lipoma (n¼ 8)
Biopsy 0/8 (0%) 0/7 (0%) 1
Resection 0/8 (0%) 0/8 (0%) 0

Fibrolipoma (n¼3)
Biopsy 0/3 (0%) 0/3 (0%) 0
Resection 0/3 (0%) 0/3 (0%) 0

Lipoblastoma (n¼1)
Biopsy 0/1 (0%) 0/1 (0%) 0
Resection 0/1 (0%) 0/1 (0%) 0

Hibernoma (n¼1)
Biopsy 1/1 (100%) 0/0 (N/A) 1
Resection 0/1 (0%) 0/0 (N/A) 1

All benign lipomatous lesions (n¼ 37)
Biopsy 4/37 (11%) 0/32 (0%) 5
Resection 1/37 (3%) 0/34 (0%) 3

MDM2 in biopsies of well-differentiated liposarcoma

J Weaver et al 1303

Modern Pathology (2010) 23, 1301–1306



lipomatous neoplasm group was 0.9. Autofluores-
cence was present in 11 of 54 (20%) biopsy sections,
compared with only 2 of 54 (4%) resection tissue
sections.

Comparison of Adjunctive Tests and Biopsy Versus
Resection Tissue Sections

The sensitivity, specificity, positive predictive va-
lue, and negative predictive value were all higher for
the detection of MDM2 amplification by FISH
compared with the detection of MDM2 protein
expression by immunohistochemistry (Table 3).
The test indices of MDM2 immunohistochemistry

were all significantly lower in biopsies, as compared
with resection specimens, whereas they were simi-
lar when MDM2 FISH was used (Table 2). The
average MDM2:CEP12 ratios within the well-differ-
entiated liposarcoma group in biopsy and resection
specimens were 4.7 and 4.6, respectively. The
average MDM2:CEP12 ratios within the benign
lipomatous neoplasm group in the biopsy and
resection specimens were both 0.9.

Discussion

Well-differentiated liposarcoma can be difficult
to distinguish from benign lipomatous lesions,

Figure 1 Core needle biopsy of a lipoma-like portion of a well-
differentiated liposarcoma showing minimal cytological atypia
needed for definitive histological diagnosis (hematoxylin and
eosin staining, �10).

Table 2 MDM2 expression by immunohistochemistry in well-differentiated liposarcoma compared with a variety of benign lipomatous
neoplasms

Category (n¼ biopsy + whole tissue section) MDM2 immunoreactivity

0 1+ 2+ 3+ Z1+

Well-differentiated liposarcoma (n¼34) 8/34 (24%) 16/34 (47%) 10/34 (29%) 2/34 (6%) 28/34 (82%)
Benign lipomatous lesions (n¼ 74) 69/74 (93%) 5/74 (7%) 0/74 (0%) 0/74 (0%) 5/74 (7%)

MDM2 expression by immunohistochemistry was scored based on percentage of positive lesional nuclei: 0¼ 0%, 1+¼ 1–25%, 2+¼ 26–50%, and
3+¼Z50%.

Table 3 The sensitivity, specificity, positive predictive value, and negative predictive value of the detection of MDM2 protein
overexpression by immunohistochemistry compared with MDM2 amplification by FISH

MDM2 amplification by FISH MDM2 protein overexpression by immunohistochemistry

Resection (%) Biopsy (%) Combined (%) Resection (%) Biopsy (%) Combined (%)

Sensitivity 94 100 96 88 65 76
Specificity 100 100 100 97 89 93
PPV 100 100 100 94 73 84
NPV 97 100 98 95 85 90

NPV, negative predictive value; PPV, positive predictive value.

Figure 2 Whole-tissue section of the same well-differentiated
liposarcoma depicted in Figure 1 showing diagnostic thick
fibrous bands with pleomorphic spindled cells (hematoxylin
and eosin staining, �10).
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especially on limited material (that is, core needle
biopsies) in which the diagnostic features of
scattered atypical cells are not present because of the
heterogeneity of these neoplasms (Figures 1 and 2).
Detection of MDM2 protein expression by immuno-
histochemistry or MDM2 amplification by FISH as
surrogates for the marker chromosomes character-
istic of well-differentiated liposarcoma have been
shown to be helpful adjunctive tools when per-
formed on whole-tissue sections of well-character-
ized cases.4,9–12 However, distinguishing a benign
lipomatous lesion from well-differentiated liposar-
coma is most important at primary biopsy, more
commonly being performed by computer topogra-
phy-guided core needle biopsies, in which limited
diagnostic material is obtained. It is in these
instances wherein it is most important to under-
stand the limitations of the adjunctive tests de-
scribed above. Herein, we have shown that both the
detection of MDM2 protein overexpression by
immunohistochemistry, although less sensitive and
specific, and the detection of MDM2 gene amplifica-
tion by FISH can be used on formalin-fixed,
paraffin-embedded core needle biopsies of difficult
fatty tumors (Figures 1–4).

Performing MDM2 immunohistochemistry to de-
tect protein overexpression and MDM2 FISH to
detect gene amplification on concurrent biopsies
and whole-tissue sections of well-differentiated
liposarcoma and benign lipomatous lesions allowed
comparison of these adjunctive tests. The MDM2
FISH assay is a more sensitive and specific test for
well-differentiated liposarcoma, especially on lim-
ited biopsy material. The superiority of MDM2 FISH
on biopsy samples results from the fact that MDM2
amplification is present in both morphologically
atypical and nonatypical lesional cells. In addition,
the accuracy of MDM2 FISH on biopsy samples is
remarkable when the average MDM2:CEP2 ratio is

compared with the ratio obtained on whole-tissue
sections. However, autofluorescence due to fixation
remains to be a technical issue with the MDM2 FISH
assay, especially in the small core needle biopsies. In
total, 20% of the biopsies in this study were not able
to be evaluated owing to autofluorescence. This is a
well known limitation of FISH.13 As this technology
improves, it is likely that the problem of autofluor-
escence will be reduced or solved altogether.

The MDM2 immunohistochemistry performance
drops when dealing with limited tissue material.
This phenomenon can be attributed to the focal
(1þ , o25% tumor cells) staining within the
majority of well-differentiated liposarcomas (Table 2).
These foci of MDM2 positive tumor cells may not be
present in small core needle biopsies because of
limited sampling. The sensitivity improves when
evaluating whole-tissue sections, further supporting
the above theory. In addition, the specificity of the
MDM2 immunostaining assay suffers because 11%
of the benign lipomatous tumors in this study had
some degree of MDM2 protein expression on the
biopsy material, whereas no MDM2 amplification by
FISH was noted in any of the benign lipomatous
tumors. FISH seems to be more robust and accurate
than MDM2 immunohistochemistry, especially in
core needle biopsy specimens.

In conclusion, well-differentiated liposarcoma
can mimic benign lipomatous tumors because of
the absence of characteristic morphological features
that are not sampled on small biopsy material.
Detection of MDM2 amplification by FISH is a more
sensitive and specific adjunctive test than MDM2
immunohistochemistry to differentiate these enti-
ties, especially on limited tissue samples.
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Figure 3 MDM2 immunostaining performed on the core needle
biopsy from the liposarcoma depicted in Figure 1 showing rare
tumor cell positivity (1þ ) (� 10).

Figure 4 MDM2 amplification by FISH performed on the same
core needle biopsy from the liposarcoma depicted in Figures 1
and 3 (� 100).
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