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Abstract

Angiomatoid fibrous histiocytoma (AFH) is a rare soft tissue tumor, common in children and young adults, often misdiag-
nosed as either reactive or malignant. This study aims to highlight the clinico-radiological and pathological features of this
uncommon entity. Eighteen cases of AFH diagnosed over a period of 20 years were analyzed and correlated with clinical
data. The tumor had a wide age distribution with an M:F ratio of 3.5:1. Though swelling was the common clinical presen-
tation, a subset of patients had constitutional symptoms like fever, weight loss, loss of appetite, and anemia. One patient
was referred with deranged aPTT and hypergammaglobulinemia. The radiological features were also myriad ranging from
infection in a discharging soft tissue swelling to lymphoma (in cases with nodal involvement) to sarcoma (angiosarcoma and
telangiectatic osteosarcoma). Sites of occurrence were soft tissue of the upper limb, lower limb, head and neck, bone, and
lung. Intra-operatively, these tumors run the risk of bleeding and may require pre-op embolization and support by blood and
blood products. Wide local excision was the primary treatment offered. Macroscopically, the average size was 3.5 cm; the
cut surface was nodular, cystic with hemorrhage, and gray—white to brownish—yellow in color. Microscopically, the tumors
were circumscribed with a fibrous pseudo-capsule and showed mildly pleomorphic spindle cells insheets and fascicles, in
a sclerotic to myxoid stroma. A peripheral cuff of lymphoplasmacytic cells was present in all cases. Atypical histological
features observed were moderate nuclear pleomorphism, frequent mitosis, solid variant, and myxoid stroma. Immunohis-
tochemically, they were most often positive for desmin, CD68, and EMA. Interestingly, about 55.5% cases had lymphad-
enopathy of which three showed metastatic tumor. Three of our cases harbored EWSR1 re-arrangement, proven by FISH.
Follow up details were available for six patients and none showed recurrence. In conclusion, we emphasize the importance
of improved recognition of this rare yet morphologically distinct neoplasm, with varied clinico-radiological presentation.

Keywords AFH - Angiomatoid fibrous histiocytoma - EWSR1-CREBI1 - Pseudo-capsule - Pseudo-angiomatous -
Lympho-plasmacytic

Introduction

Angiomatoid fibrous histiocytoma (AFH) is a neoplasm
of intermediate (rarely metastasizing) malignant poten-
tial, predominantly occurring in the superficial location
of extremities in children and young adults. In its clas-
sic histologic form, comprising four key morphologic
components: (1) nodules of mildly pleomorphic spindle
to epithelioid cells, (2) blood-filled pseudo-angiomatous
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spaces, (3) thick fibrous pseudo-capsule, and (4) periph-
eral lymphoplasmacytic cuff, it is a fairly straightforward
diagnosis, though it lacks specific immunohistochemical
markers [1]. It is diagnostically challenging in small biop-
sies, when it presents at unusual sites, in older age groups,
with variant histology, and in the absence of either one
of its classic morphologic components. Though swelling
is the most common symptom, its association with sys-
temic symptoms like pyrexia, anemia, malaise, and weight
loss confuses the clinical picture raising the possibility of
infection to lymphoma, the latter due to its frequent occur-
rence in areas where lymph nodes are normally found. In
addition, the absence of any specific radiologic features
further contributes to the conundrum of this entity. The
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genetic abnormality detected in these tumors are a fusion
of EWSRI1 gene to either CREB1(in >90%) or ATF1 [2,
3]. Cases with FUS-ATF]1 have also been reported. In this
case series, we aim to describe the varied clinical pres-
entation, radiological features, histomorphology, immu-
nohistochemical findings, and the differential diagnosis
entertained before the diagnosis was clinched. The man-
agement and follow up of these patients, where available,
have also been provided. Furthermore, three of our cases
were confirmed by FISH for EWSRI1 gene; the findings of
which have been illustrated.

Material and Methods

The hospital information system (HIS) was used to retrieve
18 cases of AFH diagnosed over a period of 20 years
(January 2002-December 2022). The diagnostic material
was a combination of small biopsies, resection specimens,
and patients referred here with slides/blocks from other
hospitals.

Clinical information was obtained from the electronic
medical records of the HIS. The following parameters
were recorded: gender and age of the patients, site of the
lesion, clinical presentation, radiology, type of treatment,
and follow up where available.

Hematoxylin and eosin-stained slides/blocks of all
18 patients were retrieved from the archives. The gross
findings that were recorded from the pathological reports
included location, gross morphology including size, cir-
cumscription, nodularity, cystic change, intra-lesional
hemorrhage, and cut surface. On microscopic examination,
the features recorded were fibrous pseudo-capsule, nodu-
larity, histological pattern, morphology of the cells—spin-
dle/epithelioid, pleomorphism, mitotic activity (graded
as frequent if > 5/10hpf) [4], pseudo-angiomatous spaces,
stroma, and peripheral lympho-plasmacytic cuff including
germinal center formation. The results of available immu-
nohistochemical stains including desmin, EMA, CD68,
CD99, vimentin, myogenin, Myo-D1, SOX10, MUC4 and
CD34 were also recorded.

Molecular analysis for EWSR1 re-arrangement by FISH
was available in three cases.

Results

The tumor had a wide age distribution (6 to 52 years) with
M:F ratio of 3.5:1. The clinico-radiological and pathological
features are enumerated in Table 1. Though swelling was
the most common clinical presentation, a subset of patients
(n=4) had constitutional symptoms like fever, weight loss,
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loss of appetite, and anemia. The patient with lung mass pre-
sented with hemoptysis and shortness of breath. One patient
was referred with deranged aPTT and was found to have
hypergammaglobulinemia. Three patients presented with
recurrent swelling and were operated on elsewhere with a
diagnosis of hematoma in two of them. One patient pre-
sented with metastatic disease to lung and lymph nodes and
was operated on multiple times elsewhere. Most of the cases
occurred in the soft tissue of extremities (n = 8) followed by
the head and neck (n=23), and the trunk (n=3). Of the non-
somatic sites, three were in the bone and one was in the lung.

Macroscopically, the average size of the lesion was
3.9 cm (1.2 cm to 9.8 cm). Gross details were available for
15 cases. Almost all tumors were nodular, and cystic change
was present in 10 of them, with evidence of hemorrhage
in it (Fig. 1a). The cut surface was gray—white to brown-
ish—yellow. The proximal humerus tumor involved the meta-
physis and diaphysis, causing bone expansion with a soft
brown cystic cut surface filled with hemorrhage (Fig. 1c).
The lung tumor was endobronchial in a location with a firm
gray—white cut surface and remarkably showed no cystic
change.

Microscopically, the tumors were circumscribed (17/18)
and nodular (15/18) with a fibrous pseudo-capsule (Fig. 2a,
16/18) and pseudo-angiomatous spaces (Fig. 2c, 15/18)
and composed of mildly pleomorphic spindle-shaped cells
in sheets and fascicles (Fig. 2d and e), set in a sclerotic to
myxoid stroma. A peripheral cuff of lymphoplasmacytic
cells was present in all cases (Fig. 2b) with some also dis-
playing germinal centers (5/18). The atypical histological
features observed were moderate nuclear pleomorphism
(Fig. 2f, n=7/18), frequent mitosis (n=4/18), solid variant
(3/18), and myxoid stroma (n=3/18). Immunohistochemi-
cally, tumors were positive for desmin (n=15/16), EMA
(n=9/11), CD68 (n=28/11), CD99/MIC2 (n=4/7), and
vimentin (n =5/6). Myogenin, MyoD1, SOX10, MUC4 and
CD34 where available were negative. Figures 2g—i show
desmin, EMA, and CD68 immunostains. SOX9 and ALK
were available in two of our recent cases and found to be
positive (Fig. 3). Of the 18 tumors, lymphadenopathy was
found in 10 cases (55.5%). While 7 were reactive, 3 showed
metastatic tumor, one of which was a patient who presented
to us with nodal metastasis, with a history of multiple sur-
geries elsewhere. FISH was performed in three of eighteen
cases. All the three demonstrated EWSR1 re-arrangement
(100%) by FISH (Fig. 4).

Wide local excision was the primary treatment offered
with one patient receiving adjuvant chemotherapy and
another receiving radiotherapy. Follow up details were avail-
able for six patients (1 year to 6 years). All of them had
clinically enlarged regional lymph nodes (6/6). On histologi-
cal examination, two were metastatic disease (2/6; 33.3%)
while the other four were reactive. None of these patients
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had metastasis to the lung. All of the six patients were doing
well with no evidence of recurrence, at the time of the last
follow up.

Discussion

AFH is a rare soft tissue neoplasm, of uncertain differentia-
tion, accounting for 0.3% of all soft tissue tumors. It was
first described by Enzinger in 1979, as a distinctive tumor
of adolescence and early adult life and called angiomatoid
“malignant” fibrous histiocytoma [5]. Though the peak inci-
dence is in the first two decades of life, the tumor has a
wide age distribution, reflected in our case series as well.
The mean age in our case series was 17.5 years, with the
majority falling in the first two decades of life. We found a
male predominance (~76%), comparable with literature [1,
4, 6-8]. The site of occurrence was predominantly in soft
tissue of extremities with four cases noted in non-somatic
sites: three in bone and one in lung. Though these tumors
typically occur in the superficial soft tissues of the extremi-
ties, uncommonly they can occur outside somatic soft tis-
sue, like the lung, mediastinum, vulva, retroperitoneum, and
ovary [9].

All the patients presented with swelling as the main
symptom, with a few also displaying constitutional symp-
toms like fever (n=4), anemia (n=2), loss of appetite
(n=1), and weight loss (n=2). AFH is one of the trans-
location-positive rare soft tissue neoplasm of intermediate
biology that has been linked to paraneoplastic syndromes
with elevated levels of IL-6, suggested as being responsible
for the aforementioned symptoms [10]. Polyclonal gamma-
pathy has also been consistently reported in some of the
patients [5, 6]. Rarer systemic symptoms include membra-
nous nephropathy, migraine-like headache with aura, platelet
storage pool deficiency, and bleeding disorder [10]. One of
our patients presented with deranged aPTT, probably attrib-
uted to hypergammaglobulinemia, which resolved with the
removal of the tumor. Three patients presented with recur-
rent swelling, operated elsewhere, and presented to us with
a diagnosis of hematoma, the latter being a common miscon-
ception as these tumors can be predominantly blood-filled
and cystic [1].

The imaging findings of AFH are non-specific. Mag-
netic resonance (MR) imaging is superior to radiographs
and computed tomography that show a heterogeneous soft
tissue mass, and possibly hint at cystic and enhancing com-
ponents. Even in MR, the findings are non-specific; however
soft tissue mass intra-lesional blood-filled cystic spaces with
fluid—fluid levels, enhancing fibrous pseudo-capsule and
hemosiderin deposition in the extremity of a child or adoles-
cent should prompt the consideration of AFH in the differ-
ential [11]. Radiologically, it is often mistaken for a benign

condition such as a hematoma or hemangioma [12]. The
radiological details were available in 13 cases in our series.
The tumors in soft tissue showed non-specific thickening/
mass-forming lesions with cystic change (Fig. 1b). Radio-
logically, the differential diagnosis was myriad ranging from
infection in a discharging soft tissue swelling to lymphoma
to vascular tumors including angiosarcoma. Intra-osseous
AFH shows expansile, lytic, blood-filled multiple large
cystic spaces with fluid-filled levels and a pseudo-capsule. It
can also be associated with an extensive extraosseous com-
ponent [13]. While the fluid—fluid levels raise the differential
of aneurysmal bone cyst (ABC), it can also be potentially
misdiagnosed as malignancy (angiosarcoma and telangiec-
tatic osteosarcoma). Of the three AFH of bone in our series,
two were radiologically aggressive, and one of them was
radiologically considered to be telangiectatic osteosarcoma/
angiosarcoma (Fig. 1d).

Grossly, these tumors are small, firm, multinodular to
multi-cystic masses, with a wide size range (0.7-12 cm) and
a median size of 2 cm. The cut surface can also be solid with
a yellowish—tan or white fleshy appearance [5, 6, 14]. The
average size of the lesion in our series was 3.9 cm (1.2 to
9.8 cm). Gross details were available for 15 cases of which
66.6% showed cystic spaces filled with hemorrhage. The
cut surface was gray—white to brownish—yellow, the latter
reflecting the presence of hemosiderin deposits within the
tumor.

Angiomatoid fibrous histiocytomas are circumscribed
and lobulated tumors that show a wide morphologic
spectrum. They are often surrounded by fibrous pseudo-
capsules and the only constant finding is sheets and short
fascicles of ovoid, epithelioid, or spindle cells with bland,
vesicular nuclei that have a fibroblastic or histiocytoid
appearance with moderate amounts of eosinophilic cyto-
plasm. Mitosis is usually infrequent, although atypical
forms may be present. The tumors may show marked
pleomorphism, which may be diffuse but nuclear atypia
and increased mitosis are not associated with a worse
clinical outcome. The characteristic blood-filled pseudo-
angiomatous spaces are due to intra-lesional hemorrhage,
lined by flattened neoplastic cells and not endothelial
cells. This leads to hemosiderin deposition which can
be a prominent feature. Upto 80% show peripheral dense
lymphoplasmacytic cuff, with or without germinal center
formation. Approximately one-third show completely solid
histology without pseudo-angiomatous spaces. Some
cases lack any inflammatory component. The stroma may
be myxoid to sclerotic or desmoplastic-like. Rare find-
ings include tumoral giant cells and reactive osteoclast-
like giant cells within pseudo-angiomatous spaces. The
other unusual morphologic features are nuclear grooving,
clear cells, rhabdomyoblast-like cells, small blue round
cells resembling undifferentiated round cell sarcoma, and
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Fig. 1 a (gluteal region) and ¢
(right humerus): Multinodular
tumor with cystic change and
hemorrhage. b MR images
show a multi-lobulated lesion
with blood-fluid levels (arrow)
and thick septa in the subcuta-
neous plane of the left gluteal
region. d MRI shows a large
multi-lobulated cystic lesion
with T2 hypointense solid areas
and multiple blood-fluid levels
in the proximal right humerus
with focal transphyseal exten-
sion

pulmonary edema-like and reticular patterns of cells in
myxoid stroma. Schwannoma-like features, including
nuclear palisading and stroma containing prominently hya-
linized vessels, have also been described [15]. However,
there are no reliable histopathological parameters that
predict clinical behavior [1, 14]. Our series showed that
the tumors were circumscribed (94.4%), nodular (83.3%),
with fibrous pseudo-capsule (88.8%), pseudo-angiomatous
spaces(83.3%), with spindle-shaped (100%) to epithelioid
(23%) cells, with mild nuclear pleomorphism, in sheets
(100%) and fascicles (23%), set in a sclerotic (77%) to
myxoid (23%) stroma. A peripheral cuff of lymphoplas-
macytic cells was present in all cases except one (Fig. 2b,
94%) with some also displaying germinal centers (5/18;
27.7%). The atypical histological features observed were
moderate nuclear pleomorphism (38.8%), frequent mito-
sis (22.2%), solid variant (16.6%), and myxoid stroma
(16.6%). Excluding the patient who presented with nodal
metastasis, concomitant lymphadenopathy was found
in nine patients (52%), two of which showed metastatic
tumor in the lymph nodes.

Immunohistochemically, these tumors show myoid differ-
entiation [16] with approximately 50% of cases, immunore-
active for desmin, which may be focal or diffuse. Expression
of smooth muscle actin, calponin, and rarely h-caldesmon
has also been described. Epithelial membrane antigen,
CD99, and CD68 are variably expressed, ranging from
approximately 40 to 50% of lesions. They are consistently

@ Springer
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negative for skeletal muscle markers such as myogenin and
MyoD1 and vascular endothelial markers such as CD31,
CD34, and factor VIII-related antigens. CD35, S100 pro-
tein, cytokeratins, and lysozyme are also negative in these
tumors [1, 14]. In our series, expression of markers was as
follows: desmin (n=15/16; 93.7%), EMA (n=9/11; 81.9%),
CD68 (n=8/11;72.7%), CD99/MIC2 (n=4/7; 57.1%), and
vimentin (n=15/6; 83.3%). None of the tumors were posi-
tive for myogenin, MyoD1, SOX10, MUC4, and CD34. The
utility of SOX9 in diagnosing AFH and overexpression of
ALK (anaplastic lymphoma kinase) have been described
only recently, and two of our cases were positive for SOX9
and ALK. SOXO is a transcription factor essential for chon-
drogenesis and is predominantly used to delineate tumors
of chondroid differentiation. Recently, the role of EWS in
regulation of SOX9 expression has been reported. A recent
study by Berklite et al. found SOX9 to be specific for AFH,
though they found weak expression of SOX9 in a subset
of aneurysmal dermatofibroma. However, it is absent in
other myofibroblastic lesions, except calcifying aponeurotic
fibroma [17]. ALK expression has been described in AFH
[4, 18, 19], particularly with clones DSF3 and 5A4 antibod-
ies, which are found to be highly sensitive. The underlying
mechanism of ALK expression in AFH is unclear, and none
of the ALK immunopositive AFH showed ALK re-arrange-
ment or amplification [19].

Small biopsy of this entity can be particularly challeng-
ing. A 14-year-old boy in our series, with a 3-year history
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Fig.2 a (H&E, 40x) and b (H&E, 100x): Circumscribed tumor
with fibrous pseudo-capsule and peripheral lympho-plasmacytic
cuff. ¢ (H&E, 40x): Classic type with pseudo-angiomatous space.
d (H&E, 100x): Sheets of histiocytoid cells. e (H&E, 400x%): Epi-

of right arm swelling and features of paraproteinemia, was
radiologically diagnosed as ABC/telangiectatic osteosar-
coma of the humerus. His first small biopsy showed features
of chronic osteomyelitis. The repeat biopsy had a histiocy-
toid population of cells with a very focal and scant lymphoid
infiltrate. This proved to be a difficult diagnostic dilemma, in
view of his clinico-radiological profile. However, the mor-
phology, in conjunction with his immunoprofile and also
his rare presentation with hypergammaglobulinemia, helped
arrive at the possibility of AFH. The resection showed clas-
sical features of AFH, in the rare intra-osseous location.

A 52-year-old gentleman with a right axillary mass had
been variably diagnosed as hematoma/necrotic material/
abscess/angiosarcoma on radiology. He had undergone
multiple failed attempts elsewhere, to completely excise the

thelioid to histiocytoid tumor cells. f (H&E, 400X): Tumor cells
with moderate nuclear atypia. g (40x): Desmin. h (200x): EMA. i
(400 x): CD68

mass, due to profuse intra-operative bleeding. He was pre-
operatively embolized at our center, and debulking was done
with multiple post-operative blood transfusions. Histopa-
thology with immunohistochemistry was diagnostic of AFH,
and few months later, he underwent a complete excision of
the mass with pre-op embolization and transfusions.
Follow up details were available for 6/18 patients (1 year
to 6 years), and all of them were doing well with no evidence
of recurrence. Only one of our patients (5%) presented with
metastatic disease to the lung, while three had metastasis
to the lymph nodes (16.6%). AFH is mostly known to fol-
low an indolent course, with local recurrence in nearly 15%
of cases and metastasis in <2-5% of cases, predominantly
to locoregional lymph nodes and rarely to the lungs, liver,
and brain. Local recurrence is related to infiltrative margins,
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Fig.3 a (H&E, 40 X): AFH of right axilla with positivity for SOX9 (b 200 x) and ALK (c 200 X). d (H &E, 40 X): AFH of left knee with posi-
tivity for SOX9 (e 200 x) and ALK (f 200 x)

Fig.4 a (H&E, 40x): Solid
variant of AFH with peripheral
lympho-plasmacytic cuff, right
supraclavicular region. b (H&E,
200 x): Fascicles of spindle
cells in a myxoid stroma. ¢

(200 x): Diffuse EMA positiv-
ity. d EWSR1 FISH demonstrat-
ing split signals in the tumor
cells
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invasion into deep fascia or muscle, and head and neck loca-
tion. Extrasomatic AFHs appear to show higher recurrence
rates compared with those of somatic soft tissue. Wide local
excision with follow-up is the definitive treatment, although
adjuvant radiation therapy or chemotherapy may be indi-
cated for metastatic or unresectable disease [14].

The large majority of AFH is characterized by re-arrange-
ment of EWSR1(demonstrated in all three of our cases with
FISH), with one member of the CREB/ATF family of tran-
scription factors, the EWSR1-CREB1 fusion gene being the
most frequent molecular abnormality [2, 3]. EWSR1-ATF1
is more frequently associated with AFH of extra somatic
soft tissues [1]. The type of gene fusion does not appear to
correlate with clinical, histologic, or immunohistochemi-
cal differences. It is notable that EWSR1-CREBI1 fusion is
seen in two other neoplasms, clear cell sarcoma-like tumor
of the gastrointestinal tract (CCSLGT) and primary pulmo-
nary myxoid sarcoma (PPMS), while EWSR1-ATF1 fusion
is found in clear cell sarcoma of soft tissue [14].

The differential diagnosis of AFH is wide, and it can often
be misdiagnosed as reactive/infective conditions, benign neo-
plasms to malignancy. This could be due to the fact that the
only consistent finding in AFH is sheets of ovoid to spindled
cells, while the other characteristic features such as the fibrous
capsule, pseudo-angiomatous spaces, and the lymphoplasma-
cytic infiltrate may be absent or not sampled in small biopsies.
The reactive/infective conditions that it can mimic include
organized hematoma in long-standing cases osteomyelitis
to granulomatous inflammation. The benign neoplasms that
come into the differential diagnosis due to its superficial loca-
tion in the dermis and subcutis are aneurysmal benign fibrous
histiocytoma and spindle cell hemangioma. The dense lym-
phoplasmacytic inflammation and expression of ALK give rise
to the differential diagnosis of inflammatory myofibroblastic
tumor (IMT). Malignant differentials like Kaposi sarcoma,
angiosarcoma, and telangiectatic osteosarcoma also have been
entertained. In the lymph node, the benign mimicker is pali-
saded myofibroblastoma and the malignant one is follicular
dendritic cell sarcoma. The other sarcomas of the pediatric
age group that need to be excluded include Ewing sarcoma
and rhabdomyosarcoma, due to their immunopositivity for
CD99 and desmin, respectively. A prominent lymphoid cuff
with germinal centers could lead to diagnostic confusion as
metastatic tumor deposits within lymph nodes. However, the
absence of surrounding true nodal architecture, including sub-
capsular and medullary sinuses, and evenly distributed germi-
nal centers could aid in the diagnosis. In addition, a history of
primary cancer or the finding of a primary site after a clinico-
radiological correlation would clear the confusion. The last of
the tumors that need to be considered, a proportion of which
also share EWSRI re-arrangement, is soft tissue myoepithelial
neoplasms. The latter, though positive for EMA like AFH, also
shows co-expression of S100 and cytokeratins, unlike AFH

[14]. Careful histological examination, rational interpretation
of immunohistochemistry, and in difficult cases, demonstration
of EWSRI1 re-arrangement/fusion transcripts could differenti-
ate the above entities from AFH.

Conclusion

AFH is a morphologically distinct neoplasm, with a wide spec-
trum of clinical and radiological presentations. It is imperative
for the pathologist to consider it in the differential diagnosis
of spindle cell tumors of children and adolescents who pre-
sent with cystic lesions with fluid—fluid levels, hemorrhage
and constitutional symptoms. The recommended immuno-
histochemistry, though not completely specific, is a panel of
desmin, EMA, and CD68. This case series reiterates the need
to be aware of the unique diagnostic histopathology of this
entity, in spite of the varied clinico-radiological features, to
avoid mismanagement.
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