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Angiomatoid fibrous histiocytoma is a mesenchymal neoplasm of intermediate malignancy and uncertain

histogenesis/line of differentiation, which occurs most commonly in the extremities of children to young adults.

It has a characteristic appearance characterized by a proliferation of histiocytoid cells with a lymphoid cuff and

fibrous pseudocapsule, simulating the appearance of a neoplasm occurring within a lymph node. However,

these classic histological features are not always present. Given the variable appearance of the neoplastic cells

and the lack of consistently positive immunohistochemical markers, diagnosis can be problematic.

Angiomatoid fibrous histiocytoma has been found to harbor three related translocations, a t(12;16)(q13;p11)

resulting in a FUS/ATF1 fusion gene, t(12;22)(q13;q12) resulting in a EWSR1/ATF1 fusion, and t(2;22)(q33;q12)

resulting in a EWSR1/CREB1 fusion. Fluorescence in situ hybridization (FISH) probes to EWSR1 and FUS, in

theory, should detect all three translocations/gene fusions. We evaluated 18 cases of angiomatoid fibrous

histiocytoma for rearrangements of EWSR1 and FUS by FISH, the largest series to date. We found that 13 of 17

(76%) cases of angiomatoid fibrous histiocytoma harbored rearrangements of EWSR1; rearrangements of FUS

were not detected in any of the cases. This study affirms that the rearrangement of EWSR1 is a common genetic

event in angiomatoid fibrous histiocytoma, and is thus useful diagnostically. This study supports the fact that

the rearrangement of FUS is present in only a small minority of angiomatoid fibrous histiocytomas.

Interestingly, 24% of the cases were translocation negative, and did not contain rearrangements of EWSR1

or FUS by FISH. Although it is possible that these cases contained cryptic rearrangements of EWSR1 or FUS

that were not detectable by our FISH probes, it also raises the possibility that another translocation/gene fusion

may be present in angiomatoid fibrous histiocytoma. Finally, we discuss some of the potential pitfalls of this

technique, including confusion with other mesenchymal neoplasms containing rearrangement of EWSR1, in

particular Ewing’s sarcoma/PNET.
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Angiomatoid fibrous histiocytoma is a mesenchymal
neoplasm of intermediate malignancy that generally
affects children and young adults. It occurs most
commonly within the extremities, followed by the
trunk as well as the head and neck. Although

generally indolent in its clinical behavior, a small
but significant number of angiomatoid fibrous
histiocytomas recur locally, and rare cases have
been known to metastasize.1–3

When all of the classic histological features are
present, the diagnosis is usually straightforward.
This is largely dependent on the recognition of a
proliferation of relatively bland histiocytoid cells
associated with a lymphoid cuff and fibrous capsule
at its periphery, simulating the appearance of a
lymph node metastasis (Figure 1a).1–3 However, this
classic appearance is variably present, or may not be
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sampled in sections submitted for histological
analysis. This problem is compounded by the
protean appearance of the neoplastic cells and the
lack of a consistently positive immunohistochem-
ical marker, making the diagnosis problematic in
some cases. Therefore, additional ancillary tests
may be helpful in the diagnosis of this neoplasm.

The molecular genetics of angiomatoid fibrous
histiocytoma have become increasingly understood,
with a number of reports describing the EWSR1/
CREB1, EWSR1/ATF1, and FUS/ATF1 gene fu-
sions.4–11 Fluorescence in situ hybridization (FISH)
for EWSR1 and FUS is widely available and is used
routinely in medical centers that encounter large
numbers of sarcomas/mesenchymal neoplasms.
Probes to these two genes should in theory, be able
to detect all three translocations/gene fusions re-
ported in angiomatoid fibrous histiocytomas. We
hypothesized that rearrangements of EWSR1 and
FUS could be detected by FISH in most, if not all,
angiomatoid fibrous histiocytomas. We evaluated
the utility of EWSR1 and FUS FISH as an adjunct in
the diagnosis of angiomatoid fibrous histiocytoma,
and compared the relative frequency of rearrange-
ment of these two genes in a series of 18 cases in the
largest series of angiomatoid fibrous histiocytomas
evaluated for cytogenetic abnormalities.

Materials and methods

Four index cases of angiomatoid fibrous histiocyto-
ma (including consultation material from JRG) were
identified at our institution, which harbored re-
arrangements of EWSR1. The Cleveland Clinic
Anatomic Pathology database was searched for the
diagnosis of angiomatoid fibrous histiocytoma; two
cases for which paraffin blocks were available were
added. An additional 12 cases were identified from

personal consultation material of two of the authors
(BPR and EM). The morphological diagnosis of these
cases was confirmed by at least two pathologists
with expertise in soft tissue pathology. Standard
immunohistochemical studies were reviewed or
conducted using the following conditions: desmin
(D33, 1:10; DAKO, Carpinteria, CA, USA), muscle-
specific actin (HHF35, 1:40; ENZO, Plymouth Meet-
ing, PA, USA), smooth muscle actin (1A-4, 1:50;
DAKO), pan-cytokeratin (AE1/AE3, 1:200; Roche/
Chemicon), EMA (E29, 1:50; DAKO) S-100 protein
(polyclonal 1:200; DAKO), and CD99 (H036-1.1,
prediluted; Ventana, Tucson, AZ, USA).

FISH studies were carried out on interphase
nuclei present on formalin-fixed paraffin-embedded
tissue sections as reported previously.12 Detection of
rearrangement of EWSR1 and FUS was performed
with EWSR1 (22q12) and LSI FUS (16p11) Dual
Color, Break Apart Rearrangement Probes (Abbott
Molecular/Vysis, Des Plaines, IL, USA).

Results

The group comprised 7 males and 10 females (the
gender of one patient was not known) with an age
range of 1–47 years (mean: 22 years). The most
common sites included the upper extremities (8),
followed by the head and neck (3), trunk (3), lower
extremities (3), and omentum (1).

By immunochemistry, desmin was positive in
(12/13) 92% of the cases. However, three of the cases
were only focally positive. Immunoreactivity for
CD68 was seen in 67% (4/6), CD99 in 80% (4/5),
EMA in 50% (4/8), and SMA in 38% (3/8) of cases
(Table 1).

FISH identified a rearrangement of the EWSR1
locus in 76% of cases (13/17); one case was
technically unsatisfactory. Rearrangement of the

Figure 1 Histology of angiomatoid fibrous histiocytoma. (a) Histological appearance at lower power, including the pseudoangiomatoid
space, proliferation of histiocytoid/myoid cells, lymphoid cuff, and fibrous pseudocapsule. (b) Cytological appearance of the neoplastic
cells at higher power.
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FUS locus was not identified in 17 cases (1 case was
technically unsatisfactory) (Table 1; Figure 2b).

Discussion

Angiomatoid fibrous histiocytoma is a mesenchymal
neoplasm of intermediate malignancy that generally
affects children and young adults. Initially de-
scribed as angiomatoid ‘malignant’ fibrous histiocy-
toma,13 its behavior is more indolent than initially
believed, although 2–11% recur locally, and rare
(o1%) metastases have been observed.14 Usually
involving the deep dermis/subcutis, it occurs most
commonly within the extremities, followed by the
trunk as well as the head and neck. Rare cases
involve bone.8 The clinical features of the angioma-

toid fibrous histiocytoma in our series (Table 1,
summarized above) fit well within the age and
anatomical distribution that has been described
previously for this entity.1–3,13,14

Classically, the neoplasm has a distinct low power
appearance characterized by the presence of a
fibrous pseudocapsule and a pericapsular lympho-
plasmacytic infiltrate at the periphery of the neo-
plasm, which can simulate the appearance of a
lymph node. More centrally, there is a multinodular
proliferation of the neoplastic cells, which can be
associated with blood-filled cystic spaces (‘pseu-
doangiomatoid’ spaces). The histogenesis/line of
differentiation of the neoplastic cells is still debated;
at higher power, the neoplastic cells are usually
plump spindled to epithelioid cells in their cyto-
morphology, with ovoid vesicular nuclei, with a

Table 1 Clinical features, immunohistochemistry, and FISH results of 18 cases of angiomatoid fibrous histiocytoma

Case Age
(years)/sex

Site Desmin MSA
(HHF35)

SMA (1A4) CD68 AE1/AE3 EMA CD99 EWSR1
FISH

FUS
FISH

1 33/M Buttock � � N/A N/A � � � � Unsat
2 19/a Popliteal fossa + N/A � N/A � N/A + + �
3 20/M Chest wall + N/A � � � � + + �
4 29/F Omentum N/A N/A N/A N/A N/A N/A � Unsat �
5 a/F Elbow Focal N/A + N/A � N/A � � �
6 a/M Elbow N/A N/A N/A N/A � � � + �
7 a/M Elbow + N/A � + N/A N/A + + �
8 a/F Foot + N/A + N/A N/A N/A � + �
9 13/F Forearm Focal N/A N/A N/A N/A N/A � � �

10 47/F Scalp + � � + � + � + �
11 10/F Mid-back + N/A + + N/A � � + �
12 8/M Scalp Focal N/A � N/A N/A N/A + + �
13 8/M Scalp + N/A N/A + N/A N/A + + �
14 34/F Forearm N/A N/A N/A N/A � N/A N/A + �
15 1/F Back + N/A N/A N/A � + + + �
16 34/M Hand N/A N/A N/A N/A � + N/A + �
17 29/F Thumb N/A N/A N/A N/A N/A N/A � � �
18 20/F Shoulder + N/A N/A � N/A Focal + + �
Total 12/13 0/2 3/8 4/6 0/9 4/8 7/16 13/17 0/17

a
Denotes cases where gender/age of the patient was not known.

Figure 2 Ancillary studies. (a) Membranous immunoreactivity for CD99 found in three cases in our study. (b) Fluorescence in situ
hybridization for EWSR1 showing a split-apart signal in the neoplastic cells.
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variably histiocytoid-to-myoid appearance. The neo-
plastic cells are usually bland and monomorphic,
although examples with a greater degree of nuclear
pleomorphism have been described.

Immunohistochemically, angiomatoid fibrous his-
tiocytoma lacks a characteristic immunophenotype.
In our series, at least focal desmin staining was
found in almost every case. However, desmin was
strongly positive (not focal) in only 69% of the cases
in our study. Immunoreactivity for CD68 and CD99,
two notoriously nonspecific stains, were noted in 67
and 80% of cases, respectively. It is noteworthy that
three cases in our series were characterized by
membranous staining for CD99, representing a
potential pitfall in the diagnosis of Ewing’s sarco-
ma/PNET, given that the majority of angiomatoid
fibrous histiocytoma harbor rearrangements of
EWSR1. EMA and SMA were helpful in differential
diagnosis when positive; however, this occurred
only 50 and 38% of the time, respectively. These
results are similar to those previously reported in
the literature.1–3,15,16

When the classic histological features are present,
the diagnosis of angiomatoid fibrous histiocytoma is
relatively straightforward. However, the morpholo-
gical features described above are not always
present. This problem is compounded by the lack
of a characteristic immunohistochemical marker.
Therefore, an ancillary molecular diagnostic test
would be extremely helpful in difficult/atypical
cases.

Our understanding of the molecular genetics of
angiomatoid fibrous histiocytoma has increased
substantially over the past decade. In early reports,
two angiomatoid fibrous histiocytomas were found
to harbor a FUS/ATF1 gene fusion, characterized by
t(12;16)(q13;p11).4,5 Subsequently, four additional
angiomatoid fibrous histiocytomas were found to
contain a t(12;22)(q13;q12) resulting in a EWSR1/
ATF1 fusion.6–8 The finding that EWSR1 (22q12) can
be substituted in the place of FUS (16p11) is not
surprising as EWSR1 and FUS are both members of
the TET family of RNA-binding proteins; indeed,
EWSR1 has been found to replace FUS as the partner
of CHOP (DDIT3)(12q13) in the gene fusions of
myxoid/round cell liposarcomas.17,18

Terra et al, found by screening with FISH probes
for ATF1, that 4 of 14 cases (29%) harbored
rearrangements of this gene. Of these four cases,
three had the EWSR1/ATF1 fusion, whereas the
remaining case displayed the FUS/ATF1 fusion.
Significantly, B70% of the cases lacked a rearrange-
ment of ATF1, suggesting that another genetic
mechanism was involved in the majority of cases
of angiomatoid fibrous histiocytomas.9

In a larger series, Antonescu et al found eight of
nine angiomatoid fibrous histiocytoma to harbor a
newly described EWS/CREB1 fusion resulting from
a t(2;22)(q33;q12) in eight of nine angiomatoid
fibrous histiocytoma, whereas the remaining case
had the previously described EWSR1/ATF1 fusion.

CREB1 and ATF1 are highly homologous genes; both
are members of the cyclic adenosine monopho-
sphate response element-binding (CREB) family of
transcription factors.10 In the largest series to date,
Rossi et al11 found that 13 of 14 cases to show the
EWSR1/CREB1 fusion gene, whereas 1 case con-
tained the EWSR1/ATF1 fusion gene.

From the literature (Table 2), B72% of angioma-
toid fibrous histiocytomas studied at the molecular
level harbor a EWSR1/CREB1 fusion. Another 21%
contain a translocation involving EWSR1/ATF1,
whereas the remaining 7% have a FUS/ATF1 fusion
gene. Thus, B93% of angiomatoid fibrous histiocy-
toma have a rearrangement of EWSR1 (as manifested
by the EWSR1/CREB1 and EWSR1/ATF1 fusion
genes), whereas B7% of cases have a rearrangement
of FUS.

Although the translocation partner was not iden-
tified in our study, our findings showed that EWSR1
is rearranged in 76% of angiomatoid fibrous histio-
cytoma, in keeping with the above-mentioned data.
No rearrangements of FUS were identified, confirm-
ing that this gene is involved in only a small
proportion of angiomatoid fibrous histiocytoma.
Interestingly, B24% of cases lacked a rearrangement
of either EWSR1 or FUS. One possibility is that some
of the translocation-negative cases harbored break-
points not detectable by the EWSR1 or FUS probes
used in the study. Alternatively, a proportion of
these translocation-negative cases could have a yet
uncharacterized translocation/gene fusion, which
does not involve rearrangement of EWSR1 or FUS.
Additional studies are necessary to clarify this
finding.

Immunoreactivity for CD99 was found in 7 of 16
(44%) cases in our study; a membranous staining
pattern could be found at least focally in essentially
all of the positive cases. Given that 76–93% of
angiomatoid fibrous histiocytoma also harbor re-
arrangements of EWSR1, this represents a potential
pitfall in the misdiagnosis of Ewing’s sarcoma/PNET
(which typically contains a membranous pattern of
staining for CD99 and rearrangement of EWSR1).
Recognition of this potential pitfall and careful
attention to the cytological features of the tumor
cells are essential to avoid overtreatment and/or
unnecessary chemoradiation.

Table 2 Translocations in angiomatoid fibrous histiocytoma––
previous studies

EWSR1-CREB1 EWSR1-ATF1 FUS-ATF1

Waters et al4 1
Raddaoui et al5 1
Hallor et al6 1
Somers et al7 1
Hallor et al8 2
Antonescu et al10 8 1
Rossi et al11 13 1
Total 21/29 6/29 2/29
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In summary, our findings show that FISH is an
effective adjunct in the diagnosis of angiomatoid
fibrous histiocytoma and affirm previous findings
showing that EWSR1/CREB1 and EWSR1/ATF1 are
the most common gene fusions/translocations found
in angiomatoid fibrous histiocytoma. Although the
translocation partner was not identified using this
technique, FISH confers the advantage of detecting
both the EWSR1/CREB1 and EWSR1/ATF1 gene
fusions with a single molecular test. In addition,
this technique can be carried out retrospectively on
formalin-fixed, paraffin-embedded tissue and may
be helpful in biopsies when histological features
such as the characteristic lymphoid cuff are not
present.
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