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ABSTRACT

We describe the case of an 18-year-old male Army reservist presenting with
left lower extremity pain for which he was initially diagnosed with a stress
injury. After failing conservative treatment, a radiograph was obtained
showing a "lacelike™ appearance of the medullary bone in the foot and ankle.
Magnetic resonance imaging subsequently demonstrated widespread
polyostotic marrow replacement with coarsened trabeculations. A biopsy was
obtained which diagnosed the patient with polyostotic epithelioid
hemangioendothelioma which is the most common malignant vascular tumor
of bone. The patient ultimately underwent a below the knee amputation once
computed tomography of the chest, abdomen, and pelvis excluded distant
metastatic disease. Itisimportant for radiologists to be aware of this diagnosis
because osseous epithelioid hemangioendothelioma can present like a stress
injury and be mistaken for a less serious diagnosis while potentially having

visceral involvement.

CASE REPORT

CASE REPORT

An 18-year-old male Army reservist presented with left
lower extremity pain for one year. The pain began after a ruck
march during basic training at which time he was diagnosed
with a stress injury. His pain stopped during a 9-month period
away from military operations and restarted when he began
running again. The pain was aggravated by use and partially
relieved by rest.

Initial radiographs demonstrated a diffuse “lacelike”
appearance of medullary bone with mixed areas of prominent
trabeculation interspersed with lucent areas involving the distal
tibia and bones of the foot (Fig. 1). Subsequently, nuclear
medicine bone scintigraphy was performed which showed
moderate generalized uptake of the left ankle, mid tarsal region
and first ray with focal uptake in the left 5th metatarsal. These
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findings were suggestive of a chronic, infiltrative bone marrow
process for which magnetic resonance imaging (MRI) was
recommended. The differential diagnosis considered at this
time included sarcoidosis, infiltrative bone marrow disorders,
hyperparathyroidism, multiple enchondromas, and intraosseous
hemangiomas.

An MRI with and without contrast of the left foot and ankle
demonstrated widespread polyostotic marrow replacement with
preserved, coarsened trabeculations. The marrow signal
abnormality was isointense to muscle on T1-weighted imaging
(Fig. 3A), slightly hyperintense to muscle on T2-weighted
imaging (Fig. 3B) and showed uniform enhancement following
intravenous contrast (Fig. 3C). Surrounding the marrow
abnormalities were lobular, thin sclerotic margins.
Additionally, there were areas of high-grade endosteal
scalloping and a small focus of intense synovial enhancement
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adjacent to the lateral talar dome. The primary differential
diagnosis at this time included sarcoidosis and fibrovascular
replacement of bone marrow.  Alternatively, uncommon
presentations of more common processes were also considered
although thought less likely. These included: low-grade
chondral lesions, aneurysmal bone cyst, tuberculosis, leukemia,
lymphoma, and metastases. Since a definitive diagnosis was
unable to be made radiographically, a biopsy was
recommended.

Open biopsy and curettage were performed of the distal
lateral tibia. This location was selected because it is easily
accessible and would have less morbidity than the smaller
bones of the foot and ankle. The biopsy sections submitted
demonstrated sheets of large epithelioid cells infiltrating the
marrow space and eliciting a reactive woven bone response
(Fig. 4A). The epithelioid cells were characterized by abundant
eosinophilic cytoplasm and oval to kidney-shaped nuclei with
fine chromatin. Occasional intracytoplasmic vacuolization was
identified, with some of the vacuoles filled with red blood cells
(Fig. 4B and 4C). Cytologic atypia was mild to moderate, with
no necrosis or widespread mitotic activity identified. The
epithelioid cells were strongly and diffusely positive for cluster
of differentiation 34 (CD34) (Fig. 4D), CD31 and transcription
factor E3 (TFE3), showed weak staining for CD68 and were
negative for pancytokeratin, CD1a, S-100 and sex-determining
region Y-box 10 (SOX-10). Proliferation index as measured by
Ki-67 was low (<1%). Ancillary fluorescence in situ
hybridization (FISH) testing for TFE3 rearrangement (Xp11.2)
was attempted but was non-informative, with no hybridization
signals available for analysis. The hybridization probe failure
was felt to be most likely secondary to decalcification of the
biopsy material. This constellation of findings was diagnostic
of epithelioid hemangioendothelioma (EHE).

Once the diagnosis of EHE was made, a technetium-99m
methyl disphosphonate whole-body bone scan was obtained for
staging purposes and showed diffuse uptake in the left distal
tibia, ankle, and foot with otherwise normal physiologic
radiotracer distribution throughout the rest of the body (Fig. 2A
and 2B). To evaluate for visceral involvement, computed
tomography (CT) of the chest, abdomen, and pelvis showed
scattered solid pulmonary nodules measuring less than 5 mm
which remained stable on repeat imaging (Fig. 5A and 5B).
Otherwise, there were no CT findings to suggest metastatic
disease in the chest, abdomen, or pelvis.

Given the multiple bone involvement isolated to the left
foot and ankle, a below the knee amputation was performed.
The subsequent specimen demonstrated multicentric skeletal
distribution on gross examination, with tumor identified within
the distal tibia, tarsal and metatarsal bones. The tumor was
present within both the medullary and cortical compartments,
with variable involvement of epiphyses, metaphyses and
diaphyses. The largest individual focus of tumor was located
within the distal tibia and measured up to 3.5 cm. Bone and soft
tissue margins were clear. The microscopic features were
similar to those seen in the biopsy specimen. Based on the
tumor size and multicentric involvement, the tumor was staged
as pT1(m) (AJCC 8th edition).
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The patient has been doing well since the amputation and
wears a leg prosthetic. He continues to work diligently with
physical therapy to become more comfortable with his
prosthetic and to continue to build his strength. He reports an
occasional phantom limb sensation, but denies any phantom
limb pain. Thus far, no metastatic disease has been identified;
however, he will continue to have routine screening with CT
chest, abdomen, and pelvis.

DISCUSSION

Etiology & Demographics:

Epithelioid hemangioendothelioma was first described by
Weiss and Enzinger in 1982 as a unique tumor of vascular
lineage characterized by an “epithelioid” or “histiocytoid”
endothelial cell morphology with a clinical course intermediate
between that of hemangioma and angiosarcoma [1,2]. Even
though this rare endothelial vascular neoplasm was originally
described in the lungs, liver, and other soft tissues, it has
increasingly been documented in bone. The prevalence of EHE
is less than 1 in 1 million with the most common affected organs
being the liver alone (21%), liver plus lungs (18%), lung alone
(12%), and bone alone (14%) [3]. While primary malignant
vascular tumors of the bone are extraordinarily rare,
representing <1% of primary malignant bone tumors, EHE is
the most common malignant vascular tumor of bone [1,4-5].
The World Health Organization (WHO) classification of
vascular tumors of bone describes EHE as an intermediate-
grade tumor, separating its classification from the other primary
vascular bone tumors: hemangioma (benign), epithelioid
hemangioma (locally aggressive), and angiosarcoma
(malignant) [4].

EHE occurs more often in males with a 2:1 ratio and with
a peak incidence in the 2nd and 3rd decades of life, although it
can present at any age [1,6-9]. EHE of the bone can affect the
calvarium, axial skeleton or appendicular skeleton with the
majority of cases (62%) affecting the lower extremities [1,9]. It
can be a solitary lesion; however, it frequently presents in a
multicentric pattern involving a specific region of the body
[1,10]. The most common clinical presentation of EHE is
localized pain and swelling; additionally, pathologic fractures
may occur.

Clinical & Imaging findings:

The radiographic appearance of EHE typically shows lytic
lesions with a variable degree of peripheral sclerosis and an
occasional honeycomb appearance [1,10].  Additionally,
cortical destruction and expansion may commonly be seen. On
MRI, EHE will demonstrate low to intermediate signal intensity
on T1-weighted images and high signal intensity on T2-
weighted images. Due to the high vascularity of the lesion, it
will appear homogenously enhanced with contrast on CT and
MRI [9]. Bone scintigraphy and fluorodeoxyglucose-positron
emission tomography (18F-FDG PET) will show increased
uptake of the lesions and can be used to evaluate the extent of
the lesions [1,7-8,11-12].

The histologic diagnosis of epithelioid vascular tumors has
historically been challenging due to significant overlap between
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the various tumor subtypes [13]. EHE is characterized by sheets
or cords of epithelioid cells typically present in a myxohyaline
background [1,14-15]. In contrast to angiosarcoma, the
epithelioid cells of EHE demonstrate only mild to moderate
cytologic atypia and rare mitoses. The vascular origin of the
neoplasm is confirmed on immunohistochemistry, which
demonstrates staining for vascular markers such as CD31,
CD34, friend leukemia integration 1 transcription factor (FLI-
1) and erythroblast transformation specific-related gene (ERG).
Ancillary molecular studies may be useful in confirming the
diagnosis, as most cases demonstrate a recurrent
t(1,3)(p36;925) translocation, resulting in fusion of WW
domain containing transcription regulator 1 (WWTR1) at 3g25
to calmodulin binding transcription activator 1 (CAMTAL) at
1p36 [3,13,15-17]. Rearrangement of TFE3 at Xp11.2 has been
recently described in a subset of EHE’s lacking WWTRI-
CAMTAL gene fusion, with the most common fusion partner
being yes-associated protein 1 (YAP1) at 11922 [18]. Cases
with TFE3 rearrangement show similar morphologic features to
conventional EHE, although more pronounced vasoformative
features may be noted. Strong nuclear staining for TFE3 on
immunohistochemical studies correlates with TFE3 gene
rearrangement and is not seen in conventional EHE with
WWTR1-CAMTAL gene fusion [18].

The TFE3 gene is involved in cell growth and proliferation,
and rearrangement of the gene results in functional
overexpression and oncogenesis. In addition to EHE, TFE
overexpression is seen in a histologically diverse array of
malignancies, including micropthalmia-associated transcription
factor (MIT) family translocation renal cell carcinomas,
perivascular epithelioid cell tumor (PEComa), and alveolar soft
parts sarcoma [3,19]. Given the oncogenic properties of TFE3,
preclinical studies are underway to identify potential
therapeutic pharmacologic targets involving the TFE3 growth
pathway [20].

Treatment & Prognosis:

Wide surgical excision is the current treatment of choice
for EHE. The local recurrence rate is 13% [14-15]; therefore,
chemotherapy, radiation therapy and embolization are
additional treatment options that may be performed with or
without surgical excision [1,7-8,14]. However, given the risk
of radiation-induced sarcomas, radiation therapy should be
reserved for those lesions that are not amenable to wide surgical
excision or when lesions are in difficult locations to surgically
excise [15].

In conclusion, EHE is a rare, intermediate-grade vascular
tumor of bone. It is predominantly seen in males in their 2nd
and 3rd decades of life presenting with localized pain and
swelling. Radiographically it appears as lytic lesions with
variable sclerotic margins, possible expansion and is often
multicentric. The most definitive pathologic characteristic for
the diagnosis of EHE is the identification of the translocation
t(1;3)(p36;925) which fuses WWTR1 to CAMTAL. A subset of
WWTR1-CAMTA1 negative EHE’s may demonstrate
rearrangement of TFE3 with overexpression of TFE3 protein
on immunohistochemical studies. Wide surgical excision is
currently the treatment of choice.
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Differential Diagnoses:

Sarcoidosis

Skeletal sarcoidosis is an uncommon manifestation of
sarcoidosis. It typically presents with polyostotic involvement
of the hand and feet phalanges. Radiographic features include
lucent areas with a lacelike, honeycomb appearance. On MR,
the lesions demonstrate hypointense signal on T1- weighted
images, hyperintense signal on T2-weighted images, and
contrast enhancement. The key to diagnosing skeletal
sarcoidosis is identifying additional features of sarcoidosis
particularly in the lungs and mediastinum.

Hyperparathyroidism

Hyperparathyroidism leads to increased levels of
parathyroid hormone resulting from either a primary
(parathyroid adenoma or parathyroid hyperplasia) or secondary
(renal  osteodystrophy)  cause. The features of
hyperparathyroidism predominantly effect the skeletal system
leading to subperiosteal resorption involving the radial aspects
of the 2nd/3rd proximal/middle phalanges, subchondral
resorption of the distal clavicles, lytic lesions called brown
tumors, sclerotic endplates of multiple vertebral bodies (rugger
jersey spine), and a salt and pepper skull appearance. Brown
tumors on MRI will demonstrate solid and cystic components.
The solid components will have low to intermediate signal
intensity on T1 and T2-weighted imaging with associated
contrast enhancement. The cystic components will be high
signal intensity on T2-weighted imaging and may show fluid-
fluid levels.

Enchondromas

Enchondromas are benign bone tumors that share features
with low-grade chondral tumors. There is a variable appearance
depending on the location of the enchondroma. In the hands
and feet, enchondromas appear as expansile lucent lesions. In
the remaining osseous structures, enchondromas have a
chondroid matrix with typical “rings and arcs” calcifications.
On MRI, enchondromas demonstrate low to intermediate signal
intensity on T1-weighted images, high signal intensity on T2-
weighted images, and variable contrast enhancement. There
will be internal foci of low signal intensity on both T1 and T2-
weighted images that correlate with the chondroid matrix.

Intraosseous Hemangiomas

Intraosseous  hemangiomas are benign  vascular
hamartomas within the bone that are most frequently seen in the
vertebrae. On radiographs, they demonstrate a prominent
trabecular pattern with vertical trabeculae seen in the vertebral
bodies (corduroy sign). On CT, they have a classic polka-dot
appearance in the axial plane and corduroy appearance on the
coronal and sagittal planes. The MRI appearance will
demonstrate high signal intensity on both T1 and T2-weighted
images with associated contrast enhancement.

TEACHING POINT

Epithelioid hemangioendothelioma of the bone demonstrates a
coarsened trabecular appearance radiographically; whereas,
more advanced imaging with CT, MRI, and 99mTc-MDP bone
scintigraphy will demonstrate a marrow replacing process.
Biopsy is ultimately required to make the definitive diagnosis
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and subsequent screening for metastatic disease with CT chest,
abdomen, and pelvis must be obtained to look for potential
visceral involvement. While this case report presents the
typical features of EHE, an exceedingly rare diagnosis, it is an
important case for the radiology community to recognize as
more advanced imaging, biopsy, and ultimately wide surgical
excision are ultimately warranted.
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FIGURES

Figure 1: 18-year-old male with epithelioid hemangioendothelioma in the left foot and ankle.

FINDINGS: AP and lateral radiographs of the foot demonstrate a diffuse "lacelike" appearance of medullary bone (arrows) with
mixed areas of prominent trabeculation interspersed with lucent areas involving the distal tibia and the bones of the foot.

TECHNIQUE: AP (A) and lateral (B) radiographs of the left foot with settings at a kVp of 60-65 and mAs of 2-3.
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Figure 2: 18-year-old male with epithelioid hemangioendothelioma in the left foot and ankle.
FINDINGS: Nuclear medicine bone scan demonstrates diffuse radiotracer uptake throughout the distal left tibia, ankle, and foot.

TECHNIQUE: Nuclear medicine bone scan of the whole body and lower extremities after intravenous administration of 25 mCi
of Tc-99m methyl disphosphonate.
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Figure 3: 18-year-old male with epithelioid hemangioendothelioma in the left foot and ankle.

FINDINGS:

(A) Sagittal T1-weighted MRI of the left foot and ankle demonstrating widespread, polyostotic marrow replacing lesions (arrows)
that are isointense to muscle.

(B) Sagittal Proton Density Fat-Saturated MRI of the left foot and ankle demonstrating widespread, polyostotic marrow replacing
lesions (arrow) that are slightly hyperintense to muscle.

(C) Sagittal contrast enhanced T1 fat-saturated MRI of the left foot and ankle demonstrating uniform enhancement of the
widespread, polyostotic marrow replacing lesions (arrows).

(D) Coronal T2 fat-saturated MRI of the left foot and ankle demonstrating widespread, polyostotic marrow replacing lesions that
are slightly hyperintense to muscle.

(E) Axial contrast enhanced T1 fat-saturated MRI of the left foot and ankle demonstrating uniform enhancement of the widespread,
polyostotic marrow replacing lesions.

TECHNIQUE:

(A) Pre-contrast sagittal T1-weighted MRI of the left foot and ankle on a 3 tesla magnet with 3 mm slice thickness.

(B) Pre-contrast sagittal Proton Density Fat-Saturated MRI of the left foot and ankle on a 3 tesla magnet with 3 mm slice thickness.
(C) Sagittal contrast enhanced T1 fat-saturated MRI of the left foot and ankle on a 3 tesla magnet with 3 mm slice thickness. 16
mL of Multihance was given.

(D) Pre-contrast coronal T2 fat-saturated MRI of the left foot and ankle on a 3 tesla magnet with 3 mm slice thickness.

(E) Axial contrast enhanced T1 fat-saturated MRI of the left foot and ankle on a 3 tesla magnet with 3 mm slice thickness. 16 mL
of Multihance was given.
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Figure 4: 18-year-old male with epithelioid hemangioendothelioma in the left foot and ankle.

FINDINGS:

(A) Histologic slide showing sheets of large epithelioid cells (asterisk) infiltrating the marrow space (H&E, 40X).

(B and C) Histologic slides showing sheets of epithelioid cells with abundant eosinophilic cytoplasm, oval to kidney-shaped nuclei
(arrowhead) and fine chromatin. Occasional cytoplasmic vacuolization (asterisk) is noted, with some of the vacuoles filled with
red blood cells (arrow) (H&E, 200X and 400X).

(F) Histologic slide showing strong and diffuse staining for CD34 (200X).
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Figure 5: 18-year-old male with epithelioid hemangioendothelioma in the left foot and ankle.

FINDINGS: Axial CT of the chest demonstrates a sub-6mm solid micronodule. Coronal CT of the abdomen demonstrates no
evidence of metastatic disease.

TECHNIQUE:

(A) Post-contrast axial CT of the chest with 1 mm slice thickness on a Siemens SOMATOM Definition Flash helical CT scanner.
100 mL of Omnipaque 350 intravenous contrast and 1 L of dilute Omnipaque 240 oral contrast was given. Settings were set at a
kVp of 100 and mAs of 160. Total DLP was 492 mGycm for the combined chest, abdomen, and pelvis.

(B) Post-contrast coronal CT of the abdomen and pelvis with 5 mm slice thickness on a Siemens SOMATOM Definition Flash
helical CT scanner. 100 mL of Omnipaque 350 intravenous contrast and 1 L of dilute Omnipaque 240 oral contrast was given.
Settings were set at a kVp of 100 and mAs of 142. Total DLP was 492 mGycm for the combined chest, abdomen, and pelvis.

W0'SASB)ATO[OIPBY MMM

Etiology Intermediate-grade tumor of vascular lineage characterized by an “epithelioid” or “histiocytoid”
endothelial cell morphology

Incidence Most common malignant vascular tumor of bone; however, primary malignant vascular tumors of the
bone are rare, representing <1% of primary malignant bone tumors

Gender ratio Male preponderance with a 2:1 ratio

Age predilection Peak incidence in the 2nd and 3rd decades of life

Risk factors No known risk factors

Treatment Wide surgical excision is the treatment of choice. Chemotherapy, radiation therapy and embolization
are additional treatment options that may be performed with or without surgical excision.

Prognosis 13 % local recurrence rate

findings on imaging | Radiographs and CT: Lytic lesions with variable sclerotic margins, cortical destruction and expansion,
and homogeneous enhancement.
MRI: Marrow replacing lesions that have low to intermediate T1 signal intensity, high T2 signal
intensity, and homogenous contrast enhancement

Table 1: Summary table of epithelioid hemangioendothelioma.
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Radiograph/CT features MRI features
Epithelioid o Lytic lesions with variable degrees of e Low to intermediate T1 signal intensity

hemangioendothelioma

peripheral sclerosis

o Cortical destruction and expansion may
commonly be seen

« Homogeneous enhancement on contrast
enhanced CT

¢ High T2 signal intensity
e Homogenous contrast enhancement

Sarcoidosis

o Lucent areas with a lacelike honeycomb
appearance involving the hands and feet

o Low T1 signal intensity
¢ High T2 signal intensity
e Contrast enhancement

Hyperparathyroidism

o Subperiosteal resorption of the radial aspects
of the 2nd /3rd proximal/middle phalanges

o Subchondral resorption of the distal clavicles

o Brown tumors

o Rugger jersey spine

o Salt & pepper skull

e Brown tumors demonstrate solid and
cystic components

e Solid components will have low to
intermediate T1 and T2 signal intensity
with contrast enhancement

e Cystic components will have high T2
signal intensity and may show fluid-fluid
levels

Enchondromas

o Hands and feet: expansile lucent lesions

o Remaining osseous structures: chondroid
matrix with typical “rings and arcs”
calcifications

o Low to intermediate T1 signal intensity

¢ High T2 signal intensity

e Variable contrast enhancement

e Internal foci of low T1 and T2 signal
intensity correlating with chondroid
matrix

intraosseous hemangiomas

o Radiographs: Prominent trabecular pattern
with vertical trabeculae seen in the vertebral
bodies

o CT: Classic polka-dot appearance in the axial
plane and corduroy appearance on the coronal
and sagittal planes

e MRI: High T1 and T2 signal intensity
with associated contrast enhancement

Table 2: Differential diagnosis table for epithelioid hemangioendothelioma.

ABBREVIATIONS
CAMTAL = calmodulin binding transcription activator 1

CD = cluster of differentiation

CT = computed tomography
18F-FDG PET =
tomography

fluorodeoxyglucose-positron  emission
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EHE = epithelioid hemangioendothelioma
ERG = erythroblast transformation specific-related gene

FISH = fluorescence in situ hybridization

FLI-1 = friend leukemia integration 1 transcription factor
MIT = micropthalmia-associated transcription factor
MRI = magnetic resonance imaging
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PEComa = perivascular epithelioid cell tumor

SOX10 = sex-determining region Y-box 10

TFE3 = transcription factor E3

WHO = world health organization

WWTR1 = WW domain containing transcription regulator 1
YAPL = yes-associated protein 1
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