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Abstract: Purpose: The purpose of this study was to evaluate the imaging characteristics of epithelioid hemangio-
endothelioma (EHE) on staging ‘8F-FDG PET/CT. Materials and methods: An IRB-approved retrospective review was
conducted for patients with biopsy-proven EHE who underwent FDG PET/CT at our institution between 2005 and
2019. Patients with a history of surgery, chemotherapy, or radiotherapy prior to PET/CT were excluded. PET/CT ex-
ams were analyzed, noting metabolic activity, distribution of involvement, and CT morphologic features. PET/CT find-
ings were correlated with comparative CT and MRI performed within three months. Results: There were 35 patients
[21 females, 14 males; average age 55.1+16.9 years (range 15-82 years)]. 18/35 patients (52%) had more than
one organ affected on PET/CT. The most common sites were liver [21/35 (60%)], lung [(19/35 (54%)], bone [5/35
(14%)], lymph nodes [4/35 (11%)], and vasculature [4/35 (11%)]. Most patients [30/35, (86%)] presented with
multiple lesions. The average largest lesion dimension was 4.0+3.6 cm (range 0.6-15.0 cm). The average SUVmax
of the most metabolically active lesion at any site was 5.3+3.3 (range 1.2-17.1), and for bone was 7.9+5.4 (range
3.5-17.1), liver was 5.1+2.1 (range 2.6-10.5), and lung was 3.0+1.9 (range 1.2-8.5). Of patients with pulmonary
lesions, 9/19 (47%) showed calcification, and 4/19 (21%) had nodules that were either non FDG-avid or too small
for accurate SUV assessment. Of patients with hepatic lesions, 11/21 (52%) demonstrated capsular retraction, and
12/21 (57%) were found to have additional hepatic lesions on contrast-enhanced CT or MRI that were occult on
PET/CT. Conclusion: EHE demonstrates variable, but most commonly moderate FDG activity on PET/CT. The most
common sites of disease are the liver, lungs, and bones, and most patients present with multiple lesions and more
than one organ involved. Given the intrinsic metabolic activity and multi-organ involvement, FDG PET/CT represents
an attractive modality for EHE evaluation. However, it may be best used in combination with CT or MRI given that
EHE pulmonary or hepatic lesions may be missed by PET/CT.
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Introduction

Epithelioid hemangioendothelioma (EHE) is a
rare vascular malignancy with an epithelioid
and histiocytoid appearance, originating from
vascular endothelial or pre-endothelial cells. It
was described for the first time in 1975 by Dail
and Liebow as pulmonary EHE (P-EHE) [1].
Initially, it was believed to be an aggressive
form of bronchoalveolar cell carcinoma, invad-
ing adjacent blood vessels and small airways.
The term epithelioid hemangioendothelioma
was introduced in 1982 by Weiss and Enzinger
who evaluated 41 cases of solid tumors, which
had a vascular origin with intermediate fea-
tures between hemangioma and angiosarcoma
[2, 3]. In the 2013 World Health Organization

classification of sarcomas, EHE was catego-
rized as a malignant tumor distinct from other
vascular tumors [4]. EHE shows low to interme-
diate grade malignant features, and its clinical
behavior is more indolent than angiosarcoma.

EHE is rare, representing less than 1% of all the
vascular tumors. Most commonly it affects the
lungs, liver, or bones, although it can occur pri-
marily in almost any site, including the scalp,
nasal cavity, cervix, and even the tongue [5].
EHE is often incidentally diagnosed, and up to
50-76% of patients are asymptomatic. Among
patients with symptomatic disease, pain is the
most commonly reported symptom. Other pre-
senting symptoms depend on disease site; for
example, hepatic EHE may cause constitutional
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symptoms, nausea and jaundice, and pulmo-
nary involvement may result in dyspnea, cough,
and hemoptysis. Because of the variable pre-
sentation and rarity, EHE may be misdiagnos-
ed, leading to delayed treatment. There are no
specific laboratory tests for EHE [6]. Treatment
options for EHE are individualized for each
patient based on the number of lesions, tumor
growth, involved organs and patient symptoms.
For single lesions, surgical resection is the opti-
mal treatment, and hepatic transplantation
may be used for localized liver disease.
Radiotherapy is suitable for patients with
lesions involving the bones [7, 8], while chemo-
therapy may have utility in patients with
advanced disease or with lesions not amen-
able to surgery or radiation therapy [9, 10].
Limited response rates have been demonstrat-
ed with targeted therapies, including anti-
angiogenic agents [11-13]. In asymptomatic
patients with diffuse lesions, watchful waiting
is an acceptable option and spontaneous
regression has been reported [14].

Imaging is important in EHE to determine lesion
resectability, stage, assess response to thera-
py, and evaluate for local recurrence following
primary treatment. To date, most imaging
studies have focused on the CT and MRI
appearances of hepatic EHE [15, 16], and CT
appearance of pulmonary EHE [17, 18]. In com-
parison, there is relatively limited data regard-
ing the 18F-fluorodeoxyglucose positron emis-
sion tomography/computed tomography (*¢F-
FDG PET/CT) features of EHE, which consists
primarily of case reports [19, 20] and small
series [21, 22]. Therefore, the purpose of this
study was to evaluate the imaging features of
EHE on staging FDG PET/CT in a large cohort of
pathologically proven EHE patients.

Materials and methods

This Health Insurance Portability and Accoun-
tability Act-compliant retrospective study was
approved by our institutional review board. The
requirement for informed consent was waived
for this study. Pathology and imaging databas-
es were searched for cases of pathologically-
proven EHE from 01/01/2005 to 12/31/
2019. Pathological diagnosis was established
by biopsy and/or surgical resection. Only stag-
ing exams were included; patients with a histo-
ry of surgery, chemotherapy or radiotherapy
prior to PET/CT were excluded.
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The electronic medical record was searched,
and various data were collected and analyzed,
including patient age, gender, biopsy results
and treatment history. The imaging database
was cross-referenced for any correlative CT
and/or magnetic resonance imaging (MRI) per-
formed within three months of PET/CT. All
available follow-up chest CTs were analyzed to
determine growth rate and evolution of pulmo-
nary lesions.

PET/CTs (Discovery RX, 690 710, or MI; GE
Healthcare, Waukesha, WI; USA) were per-
formed according to the standard clinical proto-
col. PET/CT machines were regularly cross-cali-
brated against a dose-calibrated phantom
standard to ensure consistency and reproduc-
ibility and activity recovery coefficients moni-
tored for stability per institutional quality
assurance protocol and American College of
Radiology (ACR) accreditation guidelines. Pa-
rameters including height, weight and serum
blood glucose were recorded for all patients. All
patients had a blood glucose level of less than
200 mg/dl, and were administered 10-15 mCi
of ¥F-FDG, with an incubation period of 60-70
minutes. The amount of injected radioactivity
was routinely measured by means of quantify-
ing the radioactivity within the syringe before
and after injection or with an automated injec-
tion system (Medrad® Intego PET infusion sys-
tem, Bayer Healthcare, Whippany, NJ, USA).
Patients were imaged covering at least from
orbits to mid-thighs with 2D or 3D ordered sub-
set expectation maximization, two iterations,
Gaussian post-filter smoothing with a full width
at half maximum of 7 mm, 128 x 128 matrix,
3-5 minutes per bed position depending on
body mass index. Low-dose helical CT images
were obtained for attenuation correction and
anatomic localization.

MIM software (MIM Software Inc., Cleveland,
Ohio; United States) was used for PET/CT
analysis and Visage software (Pro Medicus,
Richmond, Victoria; Australia) for CT and MRI
analysis. PET/CT imaging characteristics ana-
lyzed included maximal standardized uptake
value (SUVmax), distribution of involvement,
number of affected organs, number of lesions
in each organ, maximal dimension, and mor-
phologic CT features such as the presence and
characterization of calcification in pulmonary
lesions and capsular retraction associated with
hepatic lesions. Lesions were considered posi-
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Table 1. Patient demographics and disease
sites

Age (years) 55.1+16.9
Sex
Male 14/35 (40%)
Female 21/35 (60%)
Affected sites
Liver 21/35 (60%)
Lung 19/35 (54%)
Bone 5/35 (14%)
Lymph nodes 4/35 (11%)
Supraclavicular region 4/35 (11%)

tive if metabolic activity exceeded that of the
liver. Pulmonary nodules with follow-up imag-
es were analyzed and volume doubling time
(VDT) was calculated using the following formu-
la: VDT (days) = In(2) x At/In(V2/V1) where At is
the time (days) between CT scans; V1 and V2
are the initial volume and following volume
respectively. Volume was estimated by manu-
ally calculating the cube of the maximum
dimension of the nodule and afterwards divid-
ed by 2 to avoid overestimation of the volume
[23].

Statistical analysis was performed using JMP
software on a Mac (JMP Pro, version 11.2.1,
SAS Institute Inc.). Continuous variables are
expressed as mean + SD. Categorical variables
are presented with absolute and relative fre-
quencies. P-values for between-group compari-
sons of continuous data were calculated from
Kruskal-Wallis one-way analysis of variance.
Statistical significance was established for p
values of less than 0.05.

Results

There were 35 patients (21 females, 14 males)
with pathologically-proven EHE and staging
PET/CT prior to treatment included. The aver-
age age at diagnosis was 55.1+16.9 years
(range 15-82). 18/35 patients (52%) had more
than one organ affected on PET/CT. The most
common sites were liver [21/35 (60%)], lung
[19/35 (54%)], bone [5/35 (14%)], lymph nodes
[4/35 (11%)] and the supraclavicular vascula-
ture [4/35 (11%)]. Less common locations
included mediastinum [2/35 (6%)], retroperito-
neum [1/35 (3%)], paracolic soft tissues [1/35
(3%)] and gluteal musculature [1/35 (3%)].
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3/35 (9%) had both lung and liver involvement
and only 1/35 (3%) had isolated bone involve-
ment. Most patients [30/35 (86%)] presented
with multiple lesions, including multiple lesions
in the same organ or involvement of more than
one organ (Table 1).

The average largest lesion dimension was
4.043.6 cm (range 0.6-15.0 cm). The average
SUVmax of the most metabolically active
lesion at any site was 5.3+3.3 (range 1.2-17.1).
In bone lesions, the mean SUVmax was 7.9+
5.4 (range 3.5-17.1), in liver lesions the mean
SUVmax was 5.1+2.1 (range 2.6-10.5), and in
lung lesions the mean SUVmax was 3.0+£1.9
(range 1.2-8.5) (Table 2). There was no signifi-
cant difference in the highest SUVmax at any
site between patients with an isolated site of
disease versus multiple organ involvement
(5.5+4.1 vs. 5.0+2.4, P = 0.64) or between
patients with liver involvement versus those
without (5.2+2.3 vs. 5.3+4.5, P = 0.93).
Patients with bone involvement did trend
towards higher overall SUVmax than those
without (7.845.5 vs. 4.842.7, P = 0.055), and
patients without pulmonary involvement had
higher SUVmax at any site than those with lung
lesions (6.7+3.9 vs. 4.0+1.2, P = 0.012).

Of patients with pulmonary lesions, 9/19 (47%)
showed calcification. Of these patients, 7/9
(78%) had nodules with a benign calcification
pattern, including 4/9 (44%) with central
calcification and 3/9 (33%) with popcorn-like
calcification [24]. Only 2/9 (22%) of these
patients had nodules with punctate calcifica-
tions. Of the patients with pulmonary lesions,
4/19 (21%) had nodules that were either non
FDG-avid or < 10 mm and therefore too small
for accurate SUV assessment [25-28].

53% (10/19) of patients with pulmonary nod-
ules had imaging follow-up greater than 12
months (range 18 months - 11 years, average
5.2+3.6 years). 70% (7/10) of the patients dem-
onstrated very slow growth of pulmonary
lesions, with average volume doubling time of
11544772 days (range 460-2236 days) and
30% (3/10) had no growth on follow-up images
(average time 4.8+5.3 years, range 1.5 to 11
years).

Of patients with hepatic lesions, 19/21 (90%)
had at least one FDG avid lesion, 11/21 (52%)
demonstrated capsular retraction, and 12/21
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Table 2. Metabolic characteristics of EHE lesions

Although EHE may present in

almost any location, it usually

. . Number of
Lesion site patients ~ SU/Max£SD - Range affects the soft tissues and
Liver 21 51421 2.6-10.5 visceral organs. As seen in
Lung 19 3.0+1.9 1.2-85 our study, the liver, lung, and
Bone 5 79;5 4 35171 bone are the most frequently
T D involved sites. EHE is com-
Most Metabolically Active Site 35 5.3+3.3 1.2-17.1

SD = standard deviation.

monly multifocal with involve-
ment of multiple organs and
our results reflected this. 86%
(30/35) of our patients pre-
sented with multiple lesions,
either multiple lesions in the
same organ or involvement of
more than one organ. While
the majority of the patients
had pulmonary, hepatic or
bone involvement, several
patients had less common
sites of involvement, including
vasculature, mediastinum, re-
troperitoneum, paracolic soft
tissues and gluteal muscula-
ture. We also noticed a predi-
lection for vascular involve-
ment in the supraclavicular
fossa (Figure 1), which was

Figure 1. 69-year-old female with supraclavicular EHE involving the superior seen in four of our patients. A
vena cava. FDG PET MIP (A), axial fused PET/CT (B) and axial T2-weighted few prior reports have also

MRI (C) images demonstrate an intravascular mass with moderate FDG ac-
tivity (arrows, A, B) and increased T2 signal intensity (arrow, C).

(57%) were found to have additional hepatic
lesions on contrast-enhanced CT or MRI that
were occult on PET/CT (lesions were too small,
had FDG activity equal to background hepatic
parenchymal activity, and/or were occult on
low-dose non-contrast CT images). Of the
patients with bone lesions, 3/5 (60%) were
purely lytic and 2/5 (40%) exhibited mixed lytic
and sclerotic features.

Discussion

To our knowledge, this is the largest study
examining the FDG PET/CT imaging features of
EHE and we found that EHE demonstrates vari-
able, but most commonly moderate FDG activ-
ity on PET/CT. In addition, our study confirmed
common morphologic features reported by ear-
lier studies, including presence of benign-
appearing calcifications in pulmonary lesions
and frequent capsular retraction in hepatic
lesions.
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described intravascular EHEs
arising from large vessels
such as the internal jugular
vein [29], inferior vena cava [30], superior vena
cava [31], and azygos vein [32].

The pre-existing literature regarding FDG PET/
CT in EHE is limited to case reports or small
series, and some studies have shown high FDG
uptake by EHE [33-35]. For example, Rao
reported a patient with multiple EHE lesions
involving the pelvic bones and right femur with
SUVmax of 18.1 [36]. Our study demonstrated
a broad range of FDG activity in EHE lesions,
with average SUVmax of the most metaboli-
cally active lesion at any site of 5.3+3.3, and
SUVmax range between 1.2 and 17.1. There
was no significant difference in the highest
SUVmax at any site between patients with an
isolated site of disease versus multiple organ
involvement. There was also no significant dif-
ference in maximal SUVmax between patients
with liver disease versus those without.
Interestingly, we noted that patients without
pulmonary involvement had higher SUVmax

Am J Nucl Med Mol Imaging 2021;11(2):77-86



EHE evaluation by PET/CT

higher overall SUVmax in
patients with bone lesions
(Figure 2) compared to those
without (7.8+5.5 vs. 4.8+2.7,
P =0.055).

Typical CT and MRI features of
hepatic EHE have been previ-
ously described and inclu-
de subcapsular location and
coalescence of nodules, cap-
sular flattening or retraction, a
target-like configuration, and
peripheral and delayed cen-
tral enhancement [21, 22].
Dong and colleagues exam-
ined six patients with 60 total
hepatic EHE lesions, and
found that 40 lesions (67%)
demonstrated increased up-
take compared to surrounding
liver parenchyma [21]. The
mean SUVmax of all lesions
was 3.6x1.1, and there was

relative low variability among
Figure 2. 82-year-old male with biopsy-proven osseous EHE. Axial fused PET/ lesions, with SUVmax ranging
CT (A and B), axial CT (C) and FDG PET MIP (D) images demonstrate multiple from 1.7 to 6.6. Ganeshan
bone lesions involving the T9 and L3 vertebral bodies, sacrum and bilateral d colleasues recently re-
pubic bones with increased FDG activity (arrows A, B and D). The lesions are a.n g _ . y
predominately lytic on CT images (arrowhead, C). viewed 67 patients with he-

patic EHE, 13 of which were

evaluated by FDG PET/CT.
8/13 patients had hepatic
lesions with FDG uptake
above background liver paren-
chyma. Capsular retraction
was reported in 81% (54 of
67 cases) and tumor coales-
cence in 61% (41 of 67 cases)
of the patients [22]. These
previous studies examining
hepatic EHE were similar to
the results in our study. In the
21 patients with hepatic
involvement in our cohort,
mean SUVmax of the liver
lesions was 5.1+2.1 (range
2.6-10.5) and 52% (11/21)
of the patients with hepatic

lesions demonstrated associ-
Figure 3. 72-year-old female with hepatic EHE. Axial T1-weighted post con- ated capsular retraction (Fi-
trast MRI (A), axial non-contrast CT (B), T2-weighted MRI (C) and fused FDG re 3). 90% (19/21) of
PET/CT images (D) demonstrate an FDG-avid, enhancing lesion in the right gu g s 0 = 0
hepatic lobe with capsular retraction (arrows). patients with hepatic disease
had at least one FDG avid
lesion. However, 52% (11/21)
than those with lung lesions (6.7+3.9 vs. had additional lesions demonstrated on CT or

4.0+£2.1, p = 0.012), and there was a slightly MRI that were not visualized on PET/CT, either
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Figure 4. 63-year-old female with hepatic EHE. Axial fused PET/CT images
(A at portal vein bifurcation and C inferior segments) and axial contrast-en-
hanced CT (B at portal vein bifurcation and D inferior segments) demon-
strate multiple hepatic lesions, some FDG-avid (arrowheads, C and D) and
additional lesions seen only on CT (arrows, B).

because of the small size, occult appearance
on non-contrast CT, and/or FDG activity equal
to background hepatic parenchymal activity
(Figure 4). This is also similar to previous stud-
ies; in the work by Dong and colleagues, 20/60
lesions (33%) had FDG activity similar to back-
ground [21], and in the Geneshan cohort, 5/13
patients (38%) had lesions without uptake
greater than background hepatic parenchyma.
This underscores the importance of utilizing
contrast-enhanced CT or MRI in these patients,
as PET/CT may miss hepatic lesions.

Pulmonary EHE usually presents as bilateral
pulmonary nodules of variable size ranging
from 5 to 15 mm, but generally less than 20
mm, as demonstrated in a previous literature
review of 93 cases [37]. The nodules can
show little or no growth on serial radiographs
and are usually found near small and medium
sized vessels and bronchi [38]. Volume dou-
bling time (VDT) is defined as the number of
days in which a nodule doubles its volume. VDT
is a key parameter in lung cancer screening and
helps to differentiate between benign and
malignant pulmonary nodules. Nodules that
remain stable over a period of at least 2 years
have a very low probability of malignancy,
although 2-year stability does not guarantee a
‘benign’ nodule because some malignant nod-
ules have a long VDT [39]. Low VDT indicates
rapid growth, and a VDT of less than 400 days
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has recently been suggested
as the best cut-off value to
distinguish between ‘indolent’
and malignant lesions [40,
41]. In our study, 53% (10/19)
of patients with pulmonary
nodules had imaging follow-
up greater than one year
(range 18 months - 11 years,
average 5.2+3.6 years). 70%
(7/10) of the patients demon-
strated very slow growth of
pulmonary lesions, with aver-
age volume doubling time of
11544772 days (range 460-
2236) and 30% had no growth
on follow up images after at
least 12 months (average
4.8+5.3 years, range 1.5 to
11 years).

In a patient without prior com-

parison images, the pulmo-
nary nodules of EHE may be mistaken for pul-
monary metastatic disease. In patients with
serial images, stability or only minimal growth
may be mistaken for granulomatous infection
or attributed to differences in technique. EHE
pulmonary nodules commonly exhibit a benign
pattern of calcification, further mimicking
sequelae of prior granulomatous diseases,
such as histoplasmosis or tuberculosis, pneu-
moconiosis such as coal workers’ pneumoco-
niosis and silicosis, pulmonary hamartomas,
and other benign processes [42]. Our study
showed that 47% (9/19) of patients with
pulmonary lesions had calcification, 7/9 (77%)
of which had a benign pattern, including 4/9
(44%) with central calcification and 3/9 (33%)
with popcorn-like calcification. In several cases
these nodules mimicked the appearance of
pulmonary granulomatous fungal infection
(Figure 5).

PET/CT data from patients with thoracic EHE
has demonstrated variable FDG uptake [43-
45]. For example, Woo and colleagues reported
PET/CT features of 15 patients with thoracic
EHE involvement, and found that the main
lesions showed higher uptake than the medias-
tinal blood pool in 11/15 (73%), and in patients
with measurable SUV, a median SUVmax of
5.0, and range of 1.7-14.3. They further
observed four different patterns of involve-
ment, including multiple pulmonary nodules,
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Figure 5. 77-year-old female with metastatic EHE. Axial chest CT 2011 (A), axial chest CT 2017 (B and C), axial
fused PET/CT (D) and FDG PET MIP (E) images demonstrate calcified bilateral pulmonary nodules (arrows, A-D and
asterisks, A, B) with very slowly growth from 2011 to 2017. Note multiple sites of involvement including lung (arrow,
E), liver (solid arrowheads, E) and muscle (open arrowheads, E).

Figure 6. 59-year-old male with EHE involving the pleura and ribs. FDG PET MIP (A), axial PET (B), axial fused PET/
CT (C), T2-weighted fat-suppressed MRI (D) and axial post-gadolinium T1-weighted fat-suppressed MRI (E) images
demonstrate an FDG avid (arrows, A-C), T2 hyperintense (arrow, D), and enhancing (arrow, E) lesion involving the

posterior left ribs and adjacent pleural space.

parenchymal tumor with pleural invasion, retic-
ulonodular opacities, and diffuse pleural
thickening [46]. In our study, the average
SUVmax of the most metabolically active lung
lesion was 3.0+£1.9 (range 1.2-8.5). However,
4/19 patients with lung lesions (21%) had pul-
monary nodules that were either non FDG avid
or < 10 mm in size, and thus prone to partial
volume effects for SUV calculation. While pul-
monary parenchymal involvement is the most
common type of thoracic disease, involvement
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of the pleura and mediastinum also has been
reported. In our study, we found 5/19 patients
with pleural involvement (Figure 6) and 2/19
with mediastinal involvement. Given that pleu-
ral involvement portends a poor prognosis [47,
48], as it may complicate or even prevent surgi-
cal resection, it is important to identify and
report pleural involvement in EHE patients.

Because of its rarity, EHE has no standard
treatment. Surgical resection with clear mar-
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gins should be considered for localized disease
and may be curative [5]. For hepatic EHE, liver
transplant is a management option [33]. The
role of adjuvant chemotherapy and radiation
therapy is still uncertain, but radiotherapy has
been shown to be effective for treatment of
bone lesions [7, 8] and several studies have
reported therapeutic effect with several drugs,
including pazopanib [11], sorafenib [12], and
bevacizumab [13]. Suga [49] also demonstrat-
ed the utility of FDG PET/CT in assessing
response to radiation therapy in the case of
hepatic EHE. Given the intrinsic metabolic
activity and multi-organ involvement shown in
this cohort, PET/CT has clear potential to be
useful in these patients, especially for assess-
ing response to both localized and systemic
therapies.

Limitations of this study included the small size
and retrospective nature. There may have been
selection bias in that patients referred for PET/
CT may have had more extensive or aggressive
disease compared to all EHE patients, many of
whom had evaluation by conventional imaging
only. In addition, not all patients with ¥F-FDG
PET/CT had CT or MRI correlation. Despite
these limitations, this is the largest study of
its kind and provides evidence that 8F-FDG
PET/CT is a promising modality for EHE
evaluation.

Conclusion

EHE demonstrates variable, but most common-
ly moderate FDG activity on PET/CT. The most
common sites of disease are the liver, lungs,
and bones, and most patients present with
multiple lesions and more than one organ
involved. Given the intrinsic metabolic activity
and multi-organ involvement, FDG PET/CT rep-
resents an attractive modality for EHE evalua-
tion. However, it may be best used in combina-
tion with CT or MRI given that EHE pulmonary or
hepatic lesions may be missed by PET/CT.
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