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FUS rearrangements are rare in ‘pure’
sclerosing epithelioid fibrosarcoma
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Several recent reports have described low-grade fibromyxoid sarcoma with sclerosing epithelioid fibrosarco-
ma-like areas. We evaluated cases of pure sclerosing epithelioid fibrosarcoma lacking areas of low-grade
fibromyxoid sarcoma for FUS rearrangement to determine whether this entity could be related to low-grade
fibromyxoid sarcoma. Available formalin-fixed paraffin-embedded tissue of 27 sclerosing epithelioid
fibrosarcoma from 25 patients was retrieved and tabulated with clinical information. Unstained slides from
formalin-fixed paraffin-embedded blocks were prepared and fluorescence in-situ hybridization was performed
using a commercial FUS break-apart probe. The median patient age at presentation was 50 (range, 14-78) years,
with 14 males and 10 females. Sclerosing epithelioid fibrosarcoma most commonly involved the extremities
(n=28) or chest (n=6). Sixteen patients had a median follow-up of 17 (range, 1-99) months; seven were alive and
well at 12 (range, 5-30) months; three alive with disease at 28 (range, 9-99) months; five dead of disease at a
median of 22 (range, 1-36) months and one was dead of unknown causes. Twelve patients were known to have
metastases; the most common site was lung (n=7), followed by bone (n=3), lymph nodes (n=2) and
peritoneum (n=1). Only 2 of 22 (9%) analyzable cases of sclerosing epithelioid fibrosarcoma showed
rearrangement in the FUS locus by fluorescence in-situ hybridization. Although cytogenetically confirmed low-
grade fibromyxoid sarcoma can have sclerosing epithelioid fibrosarcoma-like areas, FUS rearrangement, which
is characteristic of low-grade fibromyxoid sarcoma, appears to be relatively rare in pure sclerosing epithelioid

fibrosarcoma.
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Sclerosing epithelioid fibrosarcoma is a rare sarco-
ma characterized by epithelioid cells arranged in
nests and cords in a distinctly sclerotic hyalinized
stroma that can mimic infiltrating carcinoma or
sclerosing lymphoma. These tumors preferentially
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affect adults (median 45; range 14—87 years of age),
and often involve the deep soft tissue of the lower
extremities, although a wide age and site spectrum
has been described. According to the two largest
series published to date, approximately half of the
patients developed recurrences with variable meta-
static rates of 43 and 86%. The most common site of
metastases was lung. Mortality rates of 25 and 57%
have been reported.*?

Some investigators have suggested that there is
a relationship between sclerosing epithelioid
fibrosarcoma and low-grade fibromyxoid sarcoma.
Low-grade fibromyxoid sarcoma is characterized by
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sweeping fibrous areas composed of relatively banal
cells with myxoid zones. It harbors a recurrent
translocation involving FUS (16p11), CREB3L2
(7q32-34), or CREB3L1 (7p11). Tumors previously
described as ‘hyalinizing spindle cell tumor with
giant rosettes’ are now recognized to be within the
morphological spectrum of low-grade fibromyxoid
sarcoma, as they have been found to harbor an
identical reciprocal chromosomal translocation.’””
Interestingly, in their study connecting both low-
grade fibromyxoid sarcoma and hyalinizing spindle
cell tumor with giant rosettes as the same tumor,
Reid et al® discussed one case of hyalinizing spindle
cell tumor with giant rosettes that had an sclerosing
epithelioid fibrosarcoma-like area.

Early studies have noted areas reminiscent of
sclerosing epithelioid fibrosarcoma in some cases of
low-grade fibromyxoid sarcoma and vice versa.' %791
In the initial study of sclerosing epithelioid fibro-
sarcoma by Meis and Enzinger, rare spindled areas
resembling various fibrous tumors, including low-
grade fibromxyoid sarcoma, were mentioned." This
observation was corroborated by Antonescu et al® in
their subsequent series. Large studies have occasion-
ally reported sclerosing epithelioid fibrosarcoma-like
areas in low-grade fibromyxoid sarcoma.”*"'* Folpe
et al’ have described a case of hyalinizing
spindle cell tumor with giant rosettes in which the
metastasis had features reminiscent of sclerosing
epithelioid fibrosarcoma, and noted cases of low-
grade fibromyxoid sarcoma that had more epithe-
lioid morphological features, as have members
of the French Sarcoma Group.?'®'* Evans'® also
described one case of low-grade fibromyxoid sarco-
ma that had a recurrence with sclerosing epithelioid
fibrosarcoma-like features, whereas Rekhi et al™!
described sclerosing epithelioid fibrosarcoma-like
areas in 6 of their 18 cases of low-grade fibromyxoid
sarcoma.

Some of the aforementioned studies have reported
sclerosing epithelioid fibrosarcoma harboring the
same translocation as low-grade fibromyxoid sarco-
ma.”"* The French Sarcoma Group found that four of
their seven cases with sclerosing epithelioid fibro-
sarcoma features had the same chimeric fusion
transcript as low-grade fibromyxoid sarcoma by RT-
PCR in their study characterizing low-grade fibro-
myxoid sarcoma and non-low-grade fibromyxoid
sarcoma tumors for FUS/CREB3L1/2.° FUS rearran-
gements by fluorescence in-situ hybridization have
also been described in a few other sclerosing
epithelioid fibrosarcomas."”"® We have also observed
cases of low-grade fibromyxoid sarcoma having
sclerosing epithelioid fibrosarcoma-like areas, with
both conventional low-grade fibromyxoid sarcoma
and sclerosing epithelioid fibrosarcoma-like areas
harboring rearrangement of FUS (16p11) by fluores-
cence in-situ hybridization (Figure 1).

Given that low-grade fibromyxoid sarcoma can
include morphological variants such as hyalinizing
spindle cell tumor with giant rosettes, we examined
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cases of pure sclerosing epithelioid fibrosarcoma
without identifiable areas of low-grade fibromyxoid
sarcoma for the presence of FUS rearrangement to
determine whether sclerosing epithelioid fibrosar-
coma was also a part of the morphological spectrum
of low-grade fibromyxoid sarcoma.

Materials and methods

With institutional review board approval, 27 speci-
mens of sclerosing epithelioid fibrosarcoma from 25
patients (two specimens were from the same
patients), with formalin-fixed paraffin-embedded
tissue available were retrieved and reviewed from
the pathology files of The University of Texas MD
Anderson Cancer Center, Cleveland Clinic, Medical
University of Graz and Leiden University Medical
Center from 1986 to 2010. Clinical information was
obtained whenever available. These consisted of
well-sampled cases where potential mimics had
been excluded by immunohistochemical or mole-
cular means as appropriate, and where the char-
acteristic features of epithelioid cells within a
fibrotic stromal was evident throughout sampled
sections.

Fluorescence in-situ hybridization for 16q11 to
detect FUS rearrangement was performed using the
LSI FUS dual-color, break-apart probe (Abbott
Molecular/Vysis, Des Plaines, IL, USA) according
to the manufacturer’s recommendations (Figure 2).
Tissue sections (4-um thick) were placed onto slides,
air-dried, and baked overnight at 60°C. Slides were
de-paraffinized in CitriSolv (Fisher, Vernon Hills, IL,
USA) three times for 5min, and then immersed in
100% ethanol twice for 1min. After air-drying,
slides were treated in Paraffin Pretreatment solution
(Paraffin Pretreatment Kit II; Abbott Molecular/
Vysis) for 10min at 80°C, washed with purified
water for 3min at room temperature, and treated
with protease solution for 15min, at 37°C. Slides
were subsequently rinsed in purified water for
3min, air-dried, and put in 2x saline-sodium
citrate buffer at 37°C for 30 min, dehydrated in 70,
85, and 100% ethanol, respectively, and allowed to
air-dry. Next, 10-20 ul of LSI FUS dual-color break-
apart probe (Abbott Molecular/Vysis, Des Plaines,
IL, USA) was applied to the slides in an approxi-
mately 1cm? area selected for a pure tumor popula-
tion (>90% tumor cells), and hybridization was
performed at 37°C overnight in a moist chamber.
Excess probe was washed away using 2 x saline-
sodium citrate buffer/0.3% NP-40 (Fisher) at
73°C for 2min, and the nuclei were counterstained
with 4/,6-diamidino-2-phenylindole dihydrochloride/
Vectashield (Vector Laboratories, Burlingame, CA,
USA).

Hybridized tissue sections were examined under a
Zeiss fluorescence microscope (Carl Zeiss, Thorn-
wood, NY, USA) using a x 10 ocular, and x 63
and x 100 oil immersion lenses, and 100 nuclei
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Figure 1 Example of low-grade fibromyxoid sarcoma with sclerosing epithelioid-like areas (not included in the study). (a and b)
Alternating zones of fibrous and myxoid areas with banal spindled cells are characteristic of low-grade fibromyxoid sarcoma. (c and d)
More sclerotic hyalinized areas with epithelioid cells arranged in cords reminiscent of sclerosing epithelioid fibrosarcoma were also

encountered. Both areas were positive for rearrangement in FUS.

evaluated for the presence of fused (yellow) or split
(green and red) signals. Nuclei with one green, and
one red (split) and one yellow (fused) signals
detected simultaneously were considered positive
for FUS rearrangement. Signals were considered to
be colocalized when their distance was equal to or
smaller than twice the diameter of the hybridization
signal.

Samples were evaluated for the presence of fused
or split signals in tumor cells, and an estimated
percentage reported. A positive result was reported
when >20% of tumor cells showed evidence of a
rearrangement (split signal). The relatively high cut-
off (we usually use 5% as a cut-off) was set to allow
more rigorous examination of cases falling within
the 5—-20% range. However, this turned out to be
unnecessary, as all of the positive cases in this series
showed >50% rearrangement. When testing was
not interpretable in a particular sample, it was
repeated with increased proteinase digestion.
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Results

Clinical information was available in 24 of 25
patients, whose tumors were studied (Table 1). The
male to female ratio was 14:10. The median age was
50 years (range, 14—78). The most common involved
sites were extremities (n=8) and chest (n=6), with
other sites including retroperitoneum/abdomen
(n=4), back (n=4), and head and neck (n=2).
Median follow-up in 16 patients was 17 months
(range, 1-99 months). Seven (43%) were alive and
well at a median of 12 months (range, 9-30 months),
three alive with disease at a median of 28 (range,
9-99 months), five dead of disease (31%) at a
median of 22 months (range, 0.6—36 months), and
one was dead of unknown causes at 51 months.
Twelve patients were known to have metastases
with the most common site being lung (n=7),
followed by bone (n=3), lymph node (n=2), and
peritoneum (n=1).
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Figure 2 Schematic and example of fluorescence in-situ hybridization on sclerosing epithelioid fibrosarcoma using FUS break-apart
probe set. Two fluorescently labeled probes (one (R)ed and one (G)reen) hybridize to regions of DNA flanking the FUS loci. (a) In
cells negative for FUS rearrangement, green and red signals overlap creating a yellow signal. Case 16 (inset) was negative for
FUS rearrangement. (b) Cases positive for FUS rearrangement have cells with separated green and red signals (split signals) and one
yellow (fused) signal resulting from of the spectral overlap of the green and red probes. Case 20 (inset) was positive for FUS

rearrangement.

Table 1 Summary of clinical data and fluorescence in-situ
hybridization results with FUS break-apart probe

Case no. Age  Sex Site FISH
1 49 Male Back Negative
2 48 Male Retroperitoneal Negative
32 14 Female Head and neck Negative
4° Recurrence of Case #3  Negative
5 59 Female  Abdomen Negative
6 78 Male Retroperitoneal Positive
7 50 Female  Trunk Negative
8 50 Male Head and neck Negative
9 37 Female  Trunk Negative
10° 20 Female Chest Negative
11* Metastasis of Case #10  Negative
12 25 Male Chest Negative
13 53 Female  Trunk Negative
14 19 Female Chest Negative
15 43 Female  Chest Negative
16 39 Male Trunk Negative
17 55 Female  Chest Negative
18 38 Male Retroperitoneal Failed
19 64 Male Chest Failed
20 59 Male Trunk Positive
21 N/A  N/A N/A Failed
22 68 Male Trunk Negative
23 61 Male Back Negative
24 63 Female Left thigh Negative
25 55 Male Back Negative
26 68 Male Forearm Negative
27 59 Male Paravertebral Negative

%Indicates tumor belongs to patient where another specimen was also
tested.

Twenty-four of 27 tested tumors, including two
specimens from the same patient, were analyzed by
fluorescence in-situ hybridization, with three failing
despite repeat hybridization and additional protei-
nase digestion. Tumors from 22 patients were
analyzable by fluorescence in-situ hybridization; of
these, two patients (9%) had tumors positive for
rearrangement of FUS. Both tumors lacked recogniz-
able low-grade fibromyxoid sarcoma areas despite
extensive sampling (Table 1; histological examples
of cases shown in Figures 3 and 4).

Conclusion

This is the largest molecular study analyzing the
presence of FUS rearrangement in tumors with well-
sampled, pure sclerosing epithelioid fibrosarcoma
histology to date. The total number of previously
reported cases does not exceed 10. Rearrangement
by fluorescence in-situ hybridization was seen in
only 2 of 22 (9%) patients with sclerosing epithelioid
fibrosarcoma in our series. In comparison, Guillou et al’
found that 4/7 (57%) of their sclerosing epithelioid
fibrosarcomas harbored the characteristic transloca-
tion of low-grade fibromyxoid sarcoma by RT-PCR.
Examination of FUS rearrangement by fluorescence
in-situ hybridization in sclerosing epithelioid fibro-
sarcomas was less successful in their series; however,
other studies have detected FUS rearrangement by
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Figure 3 Case 16. (a—c) Sections reveal a well-circumscribed
tumor composed of epithelioid cells, with angulated nuclei and
arranged in cords with dense sclerotic stroma. This case was
negative for FUS rearrangement.

fluorescence in-situ hybridization in sclerosing epi-
thelioid fibrosarcoma.' Some of the discrepancies
in the percentage of cases harboring FUS rearrange-
ments may be due, in part, to the relatively small
number of cases reported in other series. Our study
lacked adequate material for RT-PCR testing and
many of the specimens were >5 years, with a high
likelihood of degraded RNA. As previously noted,
sclerosing epithelioid fibrosarcoma can have areas
reminiscent of low-grade fibromyxoid sarcoma.
However, in our series, cases with obvious low-
grade fibromyxoid sarcoma-like areas were specifically
excluded. These findings suggest that pure sclerosing
epithelioid fibrosarcomas (tumors that lack recogniz-
able low-grade fibromyxoid sarcoma-like areas) do not
usually harbor FUS gene rearrangement, and could
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Figure 4 Case 20. (a and b) Histological features of sclerosing
epithelioid fibrosarcoma were seen without low-grade fibromyxoid
sarcoma-like areas. This case was positive for FUS rearrangement.

also explain the discrepancies in the percentage of
FUS-positive cases between our series and other
reports. The results also raise the possibility that
tumors with focal sclerosing epithelioid fibrosarcoma-
like areas in low-grade fibromyxoid sarcoma are best
viewed—as within the spectrum of low-grade fibro-
myxoid sarcoma, though the natural history of such
combined histology tumors is uncertain and in need
of further study.

Other studies, albeit only a few, that have
characterized the genetic alterations in sclerosing
epithelioid fibrosarcoma have also failed to demon-
strate rearrangements in t(7;16), seen in low-grade
fibromyxoid sarcoma.’*'” Cytogenetic analysis in
one case of sclerosing epithelioid fibrosarcoma was
described to harbor a 12q13-15 amplification,
whereas another demonstrated a potential amplifi-
cation of MDM2 by immunohistochemical stu-
dies.’®'” Rearrangements in 10p11 have been
reported in the cytogenetic analysis of two cases'**®
and interestingly, a case reported to be low-grade
fibromyxoid sarcoma was also found to have a
rearrangement involving t(10;17)(p11;q23)."®* No
t(7;16) translocation was described in that case;



whether this is an alternative translocation asso-
ciated with low-grade fibromyxoid sarcoma is not
clear. FUS rearrangements can be detected in up to
90%'9** of low-grade fibromyxoid sarcoma by
fluorescence in-situ hybridization, whereas FUS/
CREB3L1/2 fusion transcripts have been reported to
be detected in up to 96% of low-grade fibromyxoid
sarcoma by RT-PCR.??'"?® Therefore, there may be
other genetic aberration/s that could conceivably
link a subset of sclerosing epithelioid fibrosarcoma
to low-grade fibromyxoid sarcoma. However, the
prevalence of t(7;16) is substantially lower in
sclerosing epithelioid fibrosarcoma than in low-
grade fibromyxoid sarcoma in this present study.

It is also possible that some sclerosing epithelioid
fibrosarcomas may share the same recurrent trans-
location as low-grade fibromyxoid sarcomas, but
still be unrelated pathogenetically. Other rearrange-
ments involving identical loci and the same
recurrent translocations can be shared by different
sarcomas, lymphomas, and carcinomas.?**® Similar
to EWSRI1, rearrangements in FUS have been
reported in multiple sarcomas, including low-grade
fibromyxoid sarcoma, myxoid liposarcoma, angio-
matoid fibrous histiocytomas, and Ewing sarco-
ma.”® Both angiomatoid fibrous histiocytoma and
clear cell sarcoma harbor the same two transloca-
tion variants, EWSR1-ATF1 t(12;22)(q13;q12) and
EWSR1-CREB1 t(2;22)(q34;q12), yet both are phe-
notypically distinct from each other with distinctly
different clinical courses.?”~*° More recently, recur-
rent EWSR1-CREB1 translocations have also been
identified in hyalinizing clear cell carcinoma of the
salivary gland.?® Other examples include involve-
ment of ALK-TPM3 in inflammatory myofibroblas-
tic tumor and anaplastic large cell lymphomas, and
ETV6-NTRK in infantile fibrosarcoma, secretory
breast carcinomas, and acute myeloid leukemia.?***
These findings challenge the previously held notion
that recurrent translocations are unique to a
particular sarcoma or tumor class. A similar
scenario is possible for sclerosing epithelioid
fibrosarcoma and low-grade fibromyxoid sarcoma.
However, the presence of prominent sclerosing
epithelioid fibrosarcoma-like areas in some low-
grade fibromyxoid sarcoma, including metastases,
seems to suggest that there is a small subset of
tumors that appear to be sclerosing epithelioid
fibrosarcoma, but are really low-grade fibromyxoid
sarcomas lacking recognizable conventional areas
owing to limited sampling, or perhaps overgrowth
of the sclerosing epithelioid fibrosarcoma-like areas.
Other sarcomas can have areas that mimic sclerosing
epithelioid fibrosarcoma including osteosarcoma and
synovial sarcoma among others, but generally will
have other more conventional areas. Carcinomas and
even melanoma can sometimes also be associated
with extensive sclerosis, but immunohistochemistry
can readily exclude these potential mimics.

In our series, 5 of 16 patients (31%) with available
clinical follow-up died of disease within a median
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time span of 2 years, and approximately half of our
patients were known to develop metastases.
Although the interval to metastasis is shorter, the
mortality and metastatic rates are similar to those
previously reported (43—-86 and 25-57%, respec-
tively) from the two largest sclerosing epithelioid
fibrosarcoma series."* Variability in rates may be
partially explained by the limitations of small
studies of a rare tumor as well as patient referral
population or intrinsic bias (ie, major sarcoma
treatment center versus consultative practice). In
comparison, large series on low-grade fibromyxoid
sarcoma have reported mortality rates of 2-40% and
metastatic rates of 6-45%), with higher rates corre-
lating with longer follow-up.”*° These wide ranges
are likely due to the variability in follow-up
between studies, as patients with low-grade fibro-
myxoid sarcoma are known to develop metastasis
after several years. Evans' reported a median of
5 years for metastasis, and Guillou et al° state that
the majority of their patients developed metastases
after 9 years. Evans' also found that patients died
of disease after a prolonged period of time (median
11 years) and that those developing dedifferentia-
tion had a much shorter survival after tumor
progression.

The clinical significance of sclerosing epithelioid
fibrosarcoma-like areas in low-grade fibromyxoid
sarcoma is not certain. Rekhi et al'* reported that
four of their six patients with sclerosing epithelioid
fibrosarcoma-like areas were alive, with one devel-
oping a recurrence. Reid et al® also describe one
case of a hyalinizing spindle cell tumor with giant
rosettes, with sclerosing epithelioid fibrosarcoma-
like features; this patient was alive and well.
However, follow-up in these studies was relatively
short (5-52 months)."* Sclerosing epithelioid fibro-
sarcoma-like areas may be a spectrum of the process
seen in the giant rosettes. In our series, only one
of the two patients with sclerosing epithelioid
fibrosarcoma positive for FUS rearrangement had
follow-up. That patient was alive but had a lung
metastasis 9 months after the primary diagnosis.
Additional studies with long-term follow-up are
needed to compare the impact of sclerosing epithelioid
fibrosarcoma-like areas in low-grade fibromyxoid
sarcoma or pure sclerosing epithelioid fibrosarcoma
with FUS rearrangement to low-grade fibromyxoid
sarcoma lacking this feature.

In summary, we describe a series of sclerosing
epithelioid fibrosarcomas that lacked recognizable
areas of low-grade fibromyxoid sarcoma. These
cases lacked FUS rearrangement by fluorescence
in-situ hybridization for the most part. The presence
of FUS rearrangements in a minority of sclerosing
epithelioid fibrosarcomas and the presence of
tumors with hybrid areas suggest that a subset of
cases of sclerosing epithelioid fibrosarcomas may
represent low-grade fibromyxoid sarcoma, with a
prominent sclerosing epithelioid fibrosarcoma-like
area (perhaps with low-grade fibromyxoid sarcoma
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areas not sampled and/or focal). However, the majority
of sclerosing epithelioid fibrosarcoma tested in our
study do not appear to be genetically related to low-
grade fibromyxoid sarcoma as assessed by FUS gene
rearrangements.
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