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Forty-four samples from 25 cases of retroperi-
toneal sarcoma initially diagnosed as malignant
fibrous histiocytoma were histologically re-
viewed. Immunohistochemistry for mdm2 and
cdk4 was performed on 20 cases. Comparative
genomic hybridization was performed on 18
samples from 13 patients. Seventeen cases were
reclassified as dedifferentiated liposarcoma.
Twenty-one of 32 samples from these patients
showed areas of well-differentiated liposarcoma, al-
lowing the diagnosis of dedifferentiated liposar-
coma. Immunohistochemistry performed in 15 of
these cases showed positivity for mdm2 and cdk4.
Comparative genomic hybridization analysis per-
formed on 15 samples from 11 of these patients
showed an amplification of the 12q13–15 region.
Eight cases were reclassified as poorly differenti-
ated sarcoma. Twelve samples from these patients
showed no area of well-differentiated liposar-
coma. Immunohistochemistry showed positivity
for mdm2 and cdk4 in one of six of these patients
and showed positivity for CD34 in another one.
Comparative genomic hybridization analysis per-
formed on three samples from two of these pa-
tients showed no amplification of the 12q13–15
region but showed complex profiles. This study
shows that most so-called malignant fibrous

histiocytomas developed in the retroperitoneum
are dedifferentiated liposarcoma and that a
poorly differentiated sarcoma in this area should
prompt extensive sampling to demonstrate a well-
differentiated liposarcoma component, immuno-
histochemistry for mdm2 and cdk4, and if possi-
ble, a cytogenetic or a molecular biology analysis.
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Malignant fibrous histiocytoma (MFH) was first de-
scribed as a distinct histologic type of soft tissue
sarcomas in 1964 (1), and thereafter, large series of
cases were reported (2– 4). For several years, MFH
has been considered the most common soft tissue
sarcoma of adult patients (5–7). A few years ago,
Fletcher (8) doubted whether MFH was a diagnostic
entity, and he emphasized that in most cases ini-
tially diagnosed as so-called MFH, a specific line of
differentiation can be demonstrated, so only a few
cases may be classified as undifferentiated pleo-
morphic sarcoma.

Retroperitoneal sarcomas represent between 10
and 15% of all soft tissue sarcomas in adults (9, 10).
The most frequent type encountered in this loca-
tion is liposarcoma, well-differentiated or dediffer-
entiated types, followed by leiomyosarcoma and
MFH. Dedifferentiated liposarcomas mainly occur
in the retroperitoneal space, and the most common
pattern of dedifferentiated areas consists of high-
grade pleomorphic MFH or storiform fibroblastic
MFH (11, 12). Nowadays, many pathologists recog-
nize that most so-called MFH located in the retro-
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peritoneum are dedifferentiated liposarcomas. In a
recent study, we reported that a subgroup of MFH
was associated with a specific genetic pattern sim-
ilar to that of dedifferentiated liposarcomas (13),
particularly when they are located in the retroperi-
toneum. However, no histologic study has been
published so far, so we reviewed 25 cases of retro-
peritoneal sarcomas initially diagnosed as MFH,
fibrosarcoma, or undifferentiated sarcoma. We
considered all tumoral events of patients treated
and followed up in our center. Moreover, compar-
ative genomic hybridization (CGH) was performed
in 13 cases.

MATERIALS AND METHODS

From 1984 to 2000, 124 patients with a retroper-
itoneal sarcoma were referred to our center for the
treatment of the primary tumor or the first local
recurrence. These sarcomas were 58 liposarcomas
(21 well-differentiated liposarcomas and 37 dedif-
ferentiated liposarcomas); 25 sarcomas initially di-
agnosed as MFH, fibrosarcoma, or undifferentiated
sarcoma; 22 leiomyosarcomas; and 19 other sarco-
mas. The group of sarcomas initially diagnosed as
MFH, fibrosarcomas, or undifferentiated sarcoma is
the subject of this study. There were 16 male pa-
tients and 9 female patients; patient ages ranged
from 37 to 86 years (median age, 62 y).

Histologic review was performed on all resected
tumoral events, that is, 44 samples: 25 primary tu-
mors before treatment (21 tumor resections and 4
open biopsies), 4 resections after chemotherapy, 13
local recurrences, 1 metastasis, and 1 persistent
disease. A total of 1 to 60 paraffin blocks (median,
15) were performed on the samples with 1 to 41
blocks (median, 10) containing tumor tissue.

Immunohistochemistry was performed on selected
cases on a representative paraffin block. The follow-
ing antibodies were used: cytokeratin (Kl1, Immuno-
tech), EMA (E29, DAKO), S-100 protein (polyclonal,
DAKO), desmin (D33, DAKO), alpha-smooth muscle
actin (IA4, Sigma), myogenin (LO26, Novocastra),
h-caldesmon (H-CD, DAKO), mdm2 (IF2, Zymed),
and cdk4 (DCS-31, Biosource International). Immu-
nostaining was performed according to the
streptavidin-biotin-peroxidase method of Hsu et al.
(14). Tissue sections were submitted to microwave
oven heating (20 min in 0.1 M citrate buffer at pH 6) or
to trypsin digestion (0.1% in 0.2% CaCl solution, 10
min at 37° C) before staining. Then, the sections were
immunostained using the LSAB kit (DAKO) in an au-
tomated immunostainer (DAKO TechMate–TM Hori-
zon, DAKO Denmark). All steps were performed at
room temperature, and diaminobenzidine (DAKO-
patts) was used as a chromogen. Appropriate positive
and negative controls were employed throughout.

Chromosomal CGH was performed on frozen tis-
sue obtained in 18 samples from 13 patients, ac-
cording to the method described elsewhere (15)

Dedifferentiated liposarcoma was diagnosed on
histologic criteria. It was defined by the presence of a
clear-cut, well-differentiated liposarcoma component
clearly separated from the poorly differentiated com-
ponent and/or occupying a large area beside the
poorly differentiated component. Identification of the
well-differentiated component depended on the pres-
ence either of significant nuclear atypia or pleomor-
phism in a fatty component or of lipoblasts. All cases
were reviewed independently by two of the authors
(JMC and NSAS), and a well-differentiated liposar-
coma component was retained only when both re-
viewers agreed.

RESULTS

After careful histologic review of all tumoral
events, immunohistochemical data, and CGH
profile of some cases, revised diagnoses were
dedifferentiated liposarcoma for 17 cases and
poorly differentiated sarcomas for 8 cases, 1 be-
ing consistent with a malignant solitary fibrous
tumor (Table).

Dedifferentiated Liposarcomas
Seventeen cases with 32 samples were reclassi-

fied as dedifferentiated liposarcoma and showed
histologic areas of well-differentiated liposarcoma
on at least one tumoral event.

In 11 cases, this well-differentiated liposarcoma
component was seen on the primary tumor resection
before any treatment. Five of these patients experi-
enced a local recurrence with a well-differentiated
liposarcoma component in three cases and no well-
differentiated liposarcoma component in two cases
(Cases 5, with one local recurrence, and 13, with two
local recurrences). One patient (Case 9) had a distant
metastasis that showed no well-differentiated liposar-
coma component.

In three cases, a well-differentiated liposarcoma
component was seen on the tumor resection after
chemotherapy, whereas the initial biopsy showed no
well-differentiated liposarcoma component. Only 2,
1, and 4 paraffin blocks were performed on the biopsy
before chemotherapy, whereas 5, 33, and 60 blocks
were available on the tumor resection after chemo-
therapy for these 3 cases. For one patient (Case 12), a
persistent disease was resected and showed no well-
differentiated liposarcoma component. Case 23 had a
local recurrence that showed a well-differentiated li-
posarcoma component.

In three cases, a well-differentiated liposarcoma
component was seen on the local recurrence but
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not on the primary tumor (Fig. 1). For these cases,
only 2, 3, and 1 paraffin blocks were performed on
the primary tumor, whereas 37, 58, and 40 blocks
were studied on the local recurrence. In one of
these cases (Case 18), the well-differentiated lipo-
sarcoma component was seen on only one slide.

A total of 32 samples was histologically reviewed:
21 with 4 to 60 paraffin blocks (median, 33 blocks)
showed a well-differentiated liposarcoma compo-
nent, and 11 with 1 to 33 paraffin blocks (median, 4
blocks) showed no well-differentiated liposarcoma
component.

Immunohistochemistry was performed on 15
cases with anti-mdm2 and cdk4: every case showed
tumor cell positivity for both antibodies.

CGH analysis was performed on 15 tumoral
events from 11 patients and showed a typical am-
plification of the 12 q13–15 region in every case,
with an amplification of 1p32 in four cases and of
6q32 in one case.

For Cases 13 and 25, a diagnosis of dedifferenti-
ated liposarcoma was considered on the basis of
the CGH results. Case 13 was initially diagnosed as
an inflammatory MFH, but review of slides showed
a well-differentiated liposarcoma component rep-
resenting about 20% of the whole tumor. This as-
pect was initially considered as an infiltration of the
normal fat by tumor cells. Two local recurrences 6
and 8 years after the primary tumor were only com-
posed of MFH areas. The first local recurrence was

TABLE 1. Clinicopathological Features, Comparative Genomic Hybridization Results and Final Diagnosis of Cases in

This Study

Case Number Age/sex Year Event
Size
(cm)

Number of
Blocks*

Presence of
WDLS*

CGH* Final Diagnosis

1 69/F 1984 Primary 10 4 (3) No nd PDS/MFH*
2 40/M 1984 Primary 8 3 (3) No nd PDS/MFH
3 37/F 1985 Primary 12 2 (2) No nd DDLS*

1995 LR 35 37 (37) Yes (100%) �
4 62/F 1986 Primary 20 17 (13) Yes (20%) nd DDLS

2001 LR 23 50 (33) Yes (95%) �
5 66/M 1986 Primary 12 16 (14) Yes (30%) nd DDLS

1991 LR 19 19 (18) No �
6 64/M 1986 Primary 15 4 (4) Yes (10%) nd DDLS

1986 LR ? 35 (9) Yes (30%) nd
7 72/M 1986 Primary 18 6 (6) No nd PDS/MFH
8 60/M 1987 Primary 20 11 (7) Yes (10%) nd DDLS
9 73/F 1987 Primary 10 17 (16) Yes (40%) nd DDLS

1989 Meta ? 4 (4) No nd
10 73/M 1988 Primary 10 8 (5) No nd PDS/MFH

1989 LR 17 4 (4) No nd
11 64/M 1988 Primary 20 3 (2) No nd DDLS

1992 LR 15 58 (33) Yes (50%) �
12 47/M 1989 Primary (B) 30 2 (2) No nd DDLS

1990 Primary (PC) 18 5 (3) Yes (20%) �
1991 Persistant D 25 33 (31) No �

13 58/M 1989 Primary 16 35 (20) Yes (20%) � DDLS
1995 LR 8 33 (21) No �
1997 LR 25 3 (2) No nd

14 58/M 1991 Primary 10 4 (4) Yes (20%) nd DDLS
15 41/M 1992 Primary (B) 23 3 (3) No nd PDS/MFH

1992 Primary (PC) 11 25 (16) No �
1993 LR 9 29 (14) No �

16 67/F 1992 Primary 17 17 (17) No nd PDS/MFH
1993 LR 15 15 (13) No nd

17 40/F 1992 Primary 20 8 (8) Yes (30%) nd DDLS
18 86/M 1992 Primary 18 1 (1) No nd DDLS

1993 LR 28 40 (35) Yes (� 5%) �
19 61/F 1993 Primary 15 49 (24) Yes (60%) � DDLS

1997 LR 9 33 (33) Yes (95%) �
20 73/F 1993 Primary 20 11 (10) No � PDS/MFH
21 50/M 1994 Primary 16 4 (4) No nd PDS/SFT*
22 47/M 1994 Primary 10 18 (14) Yes (30%) nd DDLS
23 72/F 1995 Primary (B) 30 1 (1) No nd DDLS

1996 Primary (PC) 30 33 (13) Yes (70%) �
1999 LR 12 30 (28) Yes (40%) �

24 62/M 1997 Primary (B) 20 4 (4) No nd DDLS
1998 Primary (PC) 12 60 (41) Yes (70%) �

25 57/M 2000 Primary 10 46 (33) Yes (�5%) � DDLS

LR � local recurrence; B � biopsy; PC � postchemotherapy; D � disease; Number of blocks � on the sample (containing tumor tissue); WDLS �
well-differentiated liposarcoma component; CGH � comparative genomic hybridization; nd � not done; � � genomic profile of well-differentiated/
dedifferentiated liposarcoma; � � complex genomic profile imbalances suggesting a leiomyosarcoma; PDS/MFH � poorly differentiated sarcoma/
malignant fibrous histiocytoma; DDLS � dedifferentiated liposarcoma; PDS/SFT � poorly differentiated sarcoma consistent with a malignant solitary
fibrous tumor.
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also studied by CGH and showed the same genomic
imbalances, with an amplification of the 12 q13–15
region. Case 25 was initially diagnosed as a pleo-
morphic MFH, and again CGH results suggested the
diagnosis of dedifferentiated liposarcoma. Review
of slides showed a small area of well-differentiated
liposarcoma component, only on one slide (Fig. 2).

Poorly Differentiated Sarcomas
For 7 cases with 11 events, no well-differentiated

liposarcoma component could be seen. These 11
events were studied on 3 to 29 blocks (median, 8
blocks). Histologically, these tumors were com-
posed of spindle and/or pleomorphic cells arranged
in short fascicles or without any pattern.

Immunohistochemistry was performed on five
cases because for two cases, paraffin blocks were
not available. The five studied cases were negative

for cytokeratin, EMA, S100 protein, desmin, alpha
smooth muscle actin, h-caldesmon, and myogenin.
Four cases were also negative for mdm2 and cdk4,
whereas the other one showed positive cells for
these antibodies (Case 10).

CGH analysis was performed on three tumoral
events from two cases (Cases 15 and 20). There was
no amplification of 12q13–15, but complex CGH
profiles similar to those described in leiomyosar-
coma were observed.

One case (Case 21) was composed of round and
ovoid cells intermingled with a few pleomorphic
cells. CD34 and S100 protein were positive on about
50% of cells, but other markers (cytokeratin, EMA,
desmin, alpha smooth muscle actin, mdm2, and
cdk4) were negative. This case was reclassified as a
poorly differentiated sarcoma consistent with a ma-
lignant solitary fibrous tumor.

FIGURE 1. Case 11. Primary tumor: A, the primary tumor, composed of spindle and pleomorphic cells arranged in short fascicles, was diagnosed
as an MFH (only 3 blocks were available); B, immunohistochemistry showed a strong positivity for anti-mdm2 on some tumor cells. Local recurrence
(58 blocks): a local recurrence showed the typical aspect of a dedifferentiated liposarcoma combining areas of well-differentiated liposarcoma (C)
and areas of poorly differentiated sarcoma (D).
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DISCUSSION

The concept of MFH as a discrete entity is more
and more controversial. Most tumors diagnosed as
MFH are considered rather as poorly differentiated
sarcomas for which a specific line of differentiation
cannot be demonstrated because of technical lim-
itations, such as in tumor sampling and technical
investigations such as ultrastructural study, immu-
nohistochemistry, and molecular analysis (8). They
also could correspond to dedifferentiated sarcomas

in which the well-differentiated component has not
been involved by sampling or no longer exists.
Therefore, MFH could represent a common mor-
phologic appearance resulting from tumoral pro-
gression of various sarcomas, especially liposarco-
mas, but also others (16, 17).

In the retroperitoneal space, MFH represents 7 to
30% of sarcomas, and poorly differentiated sarco-
mas, that is, MFH, fibrosarcomas, malignant he-
mangiopericytomas and unclassified sarcomas,

FIGURE 2. Case 25. A, most of the tumor was composed of pleomorphic and spindle cells, and initial diagnosis was MFH. B, comparative genomic
hybridization showed an amplification of the 12q13–15 region, suggesting the diagnosis of dedifferentiated liposarcoma. C, review of the case showed
a small area of well-differentiated liposarcoma on 1 of 46 slides. D, immunohistochemistry showed positivity of tumor cells for anti-mdm2.
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represent 16 to 50% of sarcomas, whereas liposar-
comas represent 20 to 40% of sarcomas, and
leiomyosarcomas, 10 to 30% of sarcomas (10, 18 –
23). Retroperitoneal liposarcomas are differentiated
or dedifferentiated types. Dedifferentiated areas
usually consist of high-grade, poorly differentiated
sarcomas resembling MFH or fibrosarcoma or, less
often, of low-grade spindle cell or myxoid sarcomas
resembling fibromatosis, well-differentiated fibro-
sarcoma, or myxofibrosarcoma. Divergent myxo-
sarcomatous or osteosarcomatous differentiation
can also be seen (11, 12). Dedifferentiated liposar-
coma is diagnosed thanks to identification of areas
of well-differentiated liposarcoma, most often of
sclerosing subtype. Retroperitoneal liposarcomas
are usually large tumors, and the proportion of
well-differentiated liposarcoma and dedifferenti-
ated liposarcoma components is variable. There-
fore, extensive sampling is recommended to avoid
missing any component. Sampling must be per-
formed in both the nonadipose and adipose areas
because the diagnosis of well-differentiated liposar-
comas is regularly established in the latter. In our
study, a well-differentiated liposarcoma com-
ponent was identified in 21 of 32 samples from
17 patients. For the samples positive for well-
differentiated liposarcoma component, 4 to 60
blocks, with a median of 33 blocks, were available,
whereas only 1 to 33 blocks with a median of 4
blocks were performed for the samples that were
negative for well-differentiated liposarcoma com-
ponent. This study also showed the importance of
evaluating every tumoral event, as some may be
entirely composed of dedifferentiated areas,
whereas others are composed of both dedifferenti-
ated liposarcoma and well-differentiated lipo-
sarcoma components or even of the well-
differentiated liposarcoma component only. In this
series, 11 samples of 32 from the 17 patients with a
dedifferentiated liposarcoma showed no well-
differentiated liposarcoma component at all.

Well-differentiated/dedifferentiated liposarco-
mas belong to the same category of liposarcomas
characterized by ring or giant-marker chromo-
somes derived from the q13–15 region of chromo-
some 12, and amplification of this region results in
amplification of mdm2, cdk4, SAS, and GLI genes
(24 –26). In two previous studies (13, 27), we ana-
lyzed a series of 108 cases of so-called MFH by CGH
and showed that most of them exhibited complex
profiles of genomic imbalances similar to those de-
scribed in leiomyosarcomas, suggesting that this
subgroup of MFHs could correspond to dedifferen-
tiated leiomyosarcomas. A second subgroup of 22
tumors showed a more simple CGH profile charac-
terized by amplification of the 12q13–15 chromo-
some region, with additional amplifications of 1p32
or 6q23. These results highly suggested that these

tumors were dedifferentiated liposarcomas, espe-
cially as most of them were located in the retroperi-
toneum. The current study confirms the latter re-
sults by showing a perfect concordance between
histologic features and CGH analysis. CGH analysis
performed in 11 of 17 dedifferentiated liposarco-
mas showed the typical genomic profile of well-
differentiated/dedifferentiated liposarcomas. In 2
of 7 unclassified sarcomas, CGH analysis showed
the complex genomic imbalances described in
leiomyosarcomas. Genomic analysis has become
more and more important in the diagnosis of soft
tissue sarcomas, especially with the demonstration
of specific reciprocal translocations in several sar-
comas (28). Our studies suggest that the demon-
stration of amplifications and deletions could also
be of interest for diagnosing leiomyosarcomas and
particularly well-differentiated/dedifferentiated li-
posarcomas. In this series, a diagnosis of dediffer-
entiated liposarcoma was considered on the basis
of the CGH results and was confirmed by histologic
review in two patients (Cases 13 and 25). In three
samples from three patients (Cases 5, 12, and 13),
CGH analysis showed the typical genomic profile
of well-differentiated/dedifferentiated liposarcoma,
whereas histologic review showed no area of well-
differentiated liposarcoma. CGH analysis is a pow-
erful tool for analyzing these abnormalities but is a
time-consuming technique requiring considerable
experience to obtain reproducible results. There-
fore, it is not adapted to routine diagnosis. Ampli-
fications of genes involved in the 12q13–15 region,
particularly mdm2 and cdk4, may be demonstrated
by quantitative PCR (29) or by immunohistochem-
istry (30, 31). In this series, immunohistochemical
study showed a constant positivity of mdm2 and
cdk4 in every dedifferentiated liposarcoma for
which a paraffin block was available for immuno-
histochemistry. Four of five unclassified sarcomas
were negative for these antibodies. One case (Case
10) was positive whereas no well-differentiated li-
posarcoma could be demonstrated, but only eight
and four paraffin blocks were available on the two
tumoral events for this case, and the immunohis-
tochemical results may suggest that this tumor is a
dedifferentiated liposarcoma. However, further
studies on specificity and sensitivity of mdm2 and
cdk4 should be performed because of the reports of
positivity of these antibodies in other sarcomas and
particularly in MFH (32–34). The question is
whether these MFH are dedifferentiated liposarco-
mas or not.

In conclusion, a retroperitoneal poorly differen-
tiated sarcoma resembling MFH or fibrosarcoma
should prompt extensive sampling in order to dem-
onstrate a well-differentiated liposarcoma compo-
nent, immunohistochemistry for mdm2 and cdk4
and, if possible, a cytogenetic or a molecular biol-
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ogy study because it is probably a dedifferentiated
liposarcoma.
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