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Abstract

Background: Hepatic epithelioid hemangioendothelioma (HEH) is extremely rare and the MRI features have never
been investigated in a large group of patients.

Methods: A retrospective study was designed to review the MRl images of HEH patients. Two radiologists separately
evaluated signal intensity (SI) on unenhanced imaging, morphological features, contrast-enhancement pattern at
dynamic study. The MRI features were compared between patients with HEH and hepatic metastatic tumor (HMT).

Results: Fifty-seven HEH patients were included in this study and a total of 412 lesions were evaluated. On per-lesion
analysis, the rate of coalescent lesion and subcapsular lesion were 18.2% and 39.8%, respectively. Capsular retraction
and lollipop sign were observed in 47 lesions (11.4%) and 60 lesions (14.6%), respectively. Large lesions (>5 cm) had
the highest rate of coalescent lesion, subcapsular lesion, capsular retraction and lollipop sign. Target sign appeared in
196 lesions (47.6%) on T2 weighted (T2W) and 146 lesions (35.4%) on portal phase. Medium lesions (2-5 cm) had the
highest rate of target sign on both T2W (72.9%) and portal phase (55.2%). On per-patient analysis, compare with HEH
patients, HMT patients seldom had the appearance of lollipop sign (66.7% versus 6.4%, p < 0.01), capsular retraction
(59.6% versus 3.2%, p<0.01) and target appearance on both T2Wand portal phase (64.9% versus 12.7%, p < 0.01).

Conclusion: MRI features of HEH correlated with the lesion size. Capsular retraction, lollipop sign and coexistence of
target sign on both T2W and portal phase were relatively specific MRI features of HEH, which could be helpful in sug-
gesting the diagnosis.
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Key Points MRI features for hepatic epithelioid hemangioendo-
thelioma (HEH) patients.
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Introduction

Hepatic epithelioid hemangioendothelioma (HEH) is
an extremely rare liver tumor [1]. It originates from the
vascular endothelium, and the biological behavior of the
tumor is deemed between angiosarcoma and heman-
gioma [2]. For most patients, the tumors progress slowly
and may regress spontaneously without any treatment
[3]. The tumors are more likely detected accidentally by
ultrasonography or computed tomography (CT) exami-
nation with no clinical symptom [4]. Usually, multiple
intrahepatic lesions occur at the time of detection, and
only a few patients have singular lesion [5]. Meanwhile,
extrahepatic lesions located in lung, spleen and bone may
be found simultaneously [4, 6]. Due to the rarity of the
disease, HEH is often misdiagnosed as cholangiocarci-
noma or metastatic tumor on imaging.

Although final diagnosis relies on pathological exami-
nation, radiological features of HEH are still valuable for
differential diagnosis. Several studies have reported the
magnetic resonance imaging (MRI) features of HEH,
including subcapsular lesions, coalescent lesions, capsu-
lar retraction, target sign and lollipop sign [7-10]. How-
ever, the number of included patients in these studies was
limited, which made the results less consistent. Accord-
ing to our experience, the reported radiological features
of HEH may not be all manifested on one patient, and
the probability of characteristic MRI appearance may
differ among lesions of different sizes. Meanwhile, no
study has ever compared the MRI features of HEH with
hepatic metastatic tumors (HMT). From 2014, our team
has been investigating HEH and a total of 72 patients are
under regular follow-up right now. This study was aimed
to provide a comprehensive view of MRI features in a
large group of HEH patients, analyze the difference of
radiological features among lesions of different sizes and
explore the most valuable and convenient MRI features
to differentiate HEH from HMT.

Patients and methods

Patients

From March 2014 to September 2021, 72 histologically
diagnosed HEH patients (including 60 patients by liver
biopsy and 12 patients by surgery) were followed up reg-
ularly by our team and all their clinical and radiological
data were collected. A retrospective study was designed
to review the MRI images of all HEH patients. All of the
72 HEH patients’ radiological database was reviewed
and patients with an abdominal contrast-enhanced
MRI examination performed prior to any kind of treat-
ment (surgery, target therapy, interferon-a 2b, radiofre-
quency ablation or chemotherapy) were included in this
study. To compare the MRI features between HEH and
HMT patients, histologically diagnosed HMT patients
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with contrast-enhanced MRI examination from Sep-
tember 2020 to September 2021 in our center were also
reviewed and only patients with pre-treatment MRI
images were included in this study. Institutional Review
Board exempted the study from formal approval due to
its retrospective and noninvasive nature. Since patient’s
privacy was maintained and no impact was implemented
on patient’s care, patient consent was not required for
this retrospective study.

MRI Imaging

To minimize the bias caused by technical disparity, the
minimal technical requirements of MRI for both HEH
and HMT patients were as follows: using a 3.0 T magnet
equipped with parallel imaging, a gradient strength >35
mT/m, and torso-array coil (with a minimum of an eight-
receive channel for signal reception). For patients with
multiple pre-treatment MRI examinations, the MRI
scan with optimal image quality were included. Imag-
ing protocol should include: unenhanced T1W imaging
and dynamic contrast enhanced (using either gadobenate
dimeglumine or gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid) study using gradient recall echo
(GRE) 2D T1-weighted (W) in-phase, out-of-phase and/
or GRE 3D T1W sequence with spectral fat saturation
acquiring in the breath-hold arterial phase, portal phase
and equilibrium phase; T2W sequences (turbo spin echo
[TSE] T2W respiratory triggered with spectral fat satu-
ration or single-shot-TSE T2W with breath-hold acquisi-
tion); and diffusion-weighted imaging (DW1I).

Image analysis

Two skilled radiologists with specialty in abdominal
imaging and liver MRI separately evaluated the MRI
images. Both of the reviewers were blind to the histol-
ogy results. Reviewers separately evaluated signal inten-
sity (SI) on unenhanced imaging, morphological features,
contrast-enhancement pattern at dynamic study (ring-
like: peripheral enhancement around the lesion, core, tar-
get-like, or heterogeneous enhancement) and SI on DWI
(evaluated on high b-values images). HEH morphological
features that reviewers evaluated and recorded separately
included the following items: number of lesions, lesion
type (nodular lesion; coalescent lesion: lesion seemed to
be formed by overlapping lesions; diffuse lesion: lesions
had no clear margins), size, location, presence of sub-
capsular lesion, capsular retraction (adjacent liver sur-
face was retracted toward the lesion), “target sign” (two
or multiple concentric layered “target-like” appearance
on any sequence) and “lollipop sign” (the hypodense well
defined tumor on enhanced images as the “candy” and an
obstructed or occluded vein as the “stick”). Each lesion
was evaluated, respectively, and the ten largest lesions
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were evaluated for patients with more than 10 lesions.
Descriptive analysis of each finding was performed on
both per-lesion and per-patient basis in this study. In per-
lesion analysis, coalescent or diffuse lesion was regarded
as one lesion to be counted and evaluated. When dis-
cordant opinions occurred between the two reviewers, a
joint review was held to reach a consensus.

Statistical analysis

The measurement data were represented as means + SDs.
Between-group comparisons were performed using
the one-way ANOVA. Count data were represented as
frequencies or rates, and the chi-square tests were per-
formed. Differences with p <0.05 were considered signifi-
cant. The data were analyzed using SPSS 24.0.

Results

General information

From March 2014 to September 2021, a total of 72 HEH
patients with detailed clinical and radiological data were
followed up regularly. Fifteen patients were excluded,
since 9 patients had no pre-treatment contrast enhanced
MRI and 4 patients’ MRI didn't meet the technical
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requirements. Finally, 57 HEH patients (male 32, female
25; median age: 35 years old, range: 15-65 years old)
were included in this study. Twenty-nine (50.9%) patients
had extrahepatic metastasis, including lung (24 patients,
42.1%), bone (2 patients 3.5%), lung+bone (1 patient,
1.8%), lung + spleen (1 patient, 1.8%), and lung -+ perito-
neum (1 patient, 1.8%). Five patients (8.8%) had singular
intrahepatic lesion, 24 patients (42.1%) had more than
10 intrahepatic lesions and 28 patients (49.1%) had 2-10
intrahepatic lesions.

MRI findings of HEH on per-lesion analysis

A total of 412 lesions were evaluated, including 108 in the
left liver, 291 in the right liver, 12 in the middle (lesions
locate in the middle part of liver and cannot be assigned
to right of left lobe) and 1 in caudate lobe. Most of the
lesions were nodular (80.3%), while coalescent and dif-
fuse lesions accounted for 18.2% and 1.5%, respectively
(Table 1) (Fig. 1a, b). One hundred and sixty-four lesions
(39.8%) were subcapsular and 47 of them (11.4%) had the
sign of capsular retraction (Fig. 2b). On T1W images, tar-
get sign only appeared in 65 lesions (15.8%), while low SI
(84.2%) was more commonly observed (Fig. 1a). On T2W

Table 1 MRI characteristics of all evaluated intrahepatic lesions of HEH patients

Parameters Number of lesions Ratio (%) Parameters Number of lesions Ratio (%)
(n=412) (n=412)

Location owi

Left 108 26.2 High signal intensity 360 874

Right 291 706 Target 52 12.6

Middle 12 30

Caudate lobe 1 0.2 Enhanced pattern

Lesion type Arterial

Nodular 331 80.3 None 117 284

Coalescent 75 18.2 Ring 204 49.5

Diffuse 6 1.5 Target 45 109

Subcapsular lesion Core 13 32

Yes 164 39.8 Heterogeneous 33 8.0

No 248 60.2 Portal

Capsular retraction None 45 109

Yes 47 14 Ring 133 323

No 365 88.6 Target 146 354

Lollipop sign Core 21 5.1

Yes 60 14.6 Heterogeneous 67 163

No 352 854 Equilibrium

Tiw None 45 109

Low signal intensity 347 84.2 Ring 133 323

Target 65 15.8 Target 140 340

% Core 21 5.1

High signal intensity 216 524 Heterogeneous 73 17.7

Target 196 476
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Fig. 1 A 42-year-old male HEH patient. a Coalescent lesion with target sign on T1-weighted 3D GRE image, consisted of concentric layers including
markedly hypointense in central tumor regions and peripheral zones which were moderately hypointense relative to liver parenchyma (arrows).

b Coalescent lesion with target sign on fat-saturated T2-weighted TSE image, consisted of concentric layers including markedly hyperintense in
central tumor regions and moderately hyperintense peripheral zone (arrows). ¢ Lollipop sign on portal phase image, consisted of a well-defined
tumor (as the “‘candy”) and an obstructed hepatic vein (as the “stick”) (arrow)

“stick”) (black arrow) on portal phase image

Fig. 2 A 35-year-old male HEH patient. a Target sign on portal phase image, consisted of concentric layers including markedly hypointense in
central tumor regions and peripheral zones which were moderately hypointense relative to liver parenchyma (arrow). b Capsular retraction caused
by a subcapsular lesion (white arrow) and lollipop sign, consisted of a well-defined tumor (as the “candy”) and an obstructed portal vein (as the

images, target sign appeared in 196 lesions (47.6%) and
high SI accounted for 52.4% (Fig. 1b). Three hundred and
sixty lesions (87.4%) showed high SI on DWI images and
target sign appeared in 52 lesions (12.6%). On dynamic
contrast enhanced T1W images, ring-like enhancement
was the most pattern in arterial phase (49.5%), while tar-
get-like enhancement was more common both in portal
phase (35.4%) and equilibrium phase (34.0%) (Tablel)
(Fig. 2a). Lollipop sign was observed in 60 lesions (14.6%)
(Fig. 1c, 2b).

Comparison of MRI features among HEH lesions

of different sizes

Based on the size, the evaluated lesions were catego-
rized into three groups: small (size<2 cm, n=166,
40.3%), medium (size 2-5 cm, n=203, 49.3%) and large

(size>5 cm, n=43, 10.4%) and MRI features were com-
pared among them (Table 2). Compared with small and
medium group, the large group had significantly higher
rate of subcapsular lesion and capsular retraction,
(p<0.01, respectively) (Fig. 3). As the lesion size grew, the
rate of lollipop sign and coalescent lesion got higher and
significant differences were detected in the comparison
of small versus medium (p<0.01) and small versus large
(p<0.01). The difference in the rate of coalescent lesion
between medium and large was also significant (p <0.01).

Medium group had the highest rate of target sign
on both T2W (72.9%) and T1W (25.1%) images, and
the differences were significant in comparison with
small versus medium and small versus large on both
sequences (p <0.01, respectively) (Fig. 3, 4a). The differ-
ence in the rate of target sign on T2W images between
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Table 2 Comparison of MRI features among lesions in different
size groups

Sign Size group p value

Small Medium Large

(<2cm) (2-5cm) (>5cm)

(n=166) (n=203) (n=43)
Subcapsular 62 (37.3%) 73 (36.0%) 29 (67 4%) <0.01
lesion
Capsular retrac- 11 (6.6%) 24 (11.8%) 12 (27.9%) <0.01
tion
Lollipop sign 12 (7.2%) 37 (18.2%) 11 (25.6%) <0.01
Coalescent lesion 8 (4.8%) 35 (17.2%) 32 (74.4%) <0.01
Target sign
TIW 5(3.0%) 51 (25.1%) 9 (20.9%) <001
T2W 26 (15.7%) 148 (72.9%) 22 (51.2%) <0.01
DWI 1(0.6%) 41 (20.3%) 10 (23.3%) <0.01
Arterial 4 (2.4%) 39 (19.2%) 2 (4.7%) <0.01
Portal 23 (13.9%) 112 (55.2%) 11 (25.6%) <0.01
Equilibrium 21 (12.7%) 109 (53.7%) 10 (23.3%) <0.01

medium and large was also significant (p <0.01). Both
large and medium groups had higher rate of target sign
on DWI images, compared with small group (both
p<0.01) (Fig. 4b). Medium group had the highest rate
of target sign on arterial phase (19.2%), portal phase
(55.2%) and equilibrium phase (53.7%) images, and
the differences were significant in comparison with
medium versus small and medium versus large on these
sequences (p <0.01, respectively) (Figs. 3, 5).
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Comparison of MRI features between HEH and HMT

on per-patient analysis

From September 2020 to September 2021, a total of 836
patients had abdominal contrast-enhanced liver MRI
in our center and 102 patients were radiologically diag-
nosed as HMT. Finally, 63 HMT patients with histologi-
cal results and pre-treatment contrast-enhanced liver
MRI were included in this study. The primary tumor
sites included colorectum (24, 38.1%), pancreas (19,
30.2%), bile duct (9, 14.3%), breast (6, 9.5%) and stom-
ach (5, 7.9%). No difference was found between HEH and
HMT patients in gender and the number of lesions, while
HEH patients were much younger than HMT patients
(p<0.01) (Table 3). There were significant differences
between HEH and HMT patients in the features of sub-
capsular lesion, capsular retraction, coalescent lesion
and lollipop sign (p<0.01, respectively). Compare with
HEH patients, HMT patients seldom had the appearance
of lollipop sign (66.7% versus 6.4%) and capsular retrac-
tion (59.6% versus 3.2%) (Table 3) (Figs. 6, 7). Target sign
was more commonly found on T2W and portal phase
images in both HEH (75.4% and 70.2%) and HMT (39.7%
and 36.5%) patients. There were significant differences
between HEH and HMT patients in the feature of target
sign on MRI images of T1W, T2W, portal phase and equi-
librium phase (p <0.01, respectively), while no difference
was found on DWI and arterial phase images (Table 3).
If target sign was defined as positive as lesions presented
target appearance on any sequence, no difference was
found between HEH and HMT patients (p =0.089). If
target sign was defined as positive as lesions presented

< 2cm 2-5cm > 5cm <2cm 2-5¢cm > 5cm

Target sign - T2 Target sign*- DwI
2w

<2cm 2-5cm > 5cm <2cm 2-5cm > 5cm

Subcapsular lesion Capsular Retraction LoIIipopﬁign Coalescent lesion Target sign - T1
p—— —= —_—- PR — R —
100y, 3734 36.0% 674% 100, 6% 118% 27.9% 100, 12 182% 256% . 48% 17.2% 7444 1004, 30% 251% 209%
80% 80% 80% 80% 80%
60% 60% 60% 60% 60%
40% 40% 40% 40% 40%
20% 20% 20% 20% 20%
0% 0% 0% 0% 0%

<2cm 2-5cm > 5cm

Target sign - Arterial

PR o S— %* * % % =
j00% 157H T2 512 06% 203% 233% . 24% 192% 47% . 139% 552% 2564 1004 127% 537% 2334
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Fig. 3 The comparison results of different MRI features among lesions of different sizes
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parenchyma (arrows)

Fig. 4 A 38-year-old male HEH patient. a On fat-saturated T2 weighted image, target sign could be observed on a medium lesion (black arrow),
while both small and large lesions failed to show target appearance (white arrow). b Target sign on DWI image (800 b-value), consisted of
concentric layers including relatively hyperintense in central tumor regions and peripheral zones which were markedly hyperintense relative to liver

Fig. 5 A 22-year-old male HEH patient. On portal phase image, target
sign could be observed on a medium lesion (black arrow), while
both small and large lesions failed to show target appearance (white

arrow)

target appearance on both T2W and portal phase, HEH
patients had significantly higher positive rate compared
with HMT patients (64.9% versus 12.7%, p <0.01) (Fig. 8).

Discussion

HEH is an extremely rare disease and the discrepancy
of biological behavior could lead to huge differences in
the long-term survival [5, 11]. For most patients, HEH
were detected occasionally by ultrasound or CT with
no symptom and the progression of the tumor was slow
[4]. Moreover, spontaneously tumor regression was
reported in some HEH patients [3, 5, 6]. Liver trans-
plantation and surgical resection have been reported

Table 3 Comparison of MRI features between HEH and HMT

patients

Parameters HEH (n=57) HMT (n=63) p value

Gender

Male 32 (56.1%) 38 (60.3%) p=0.643

Female 25 (43.9%) 25 (39.7%)

Age (years) 3731117 60.8+10.8 p<0.01

Number of lesions

Singular 5 (8.8%) 11 (17.5%)

2-10 28 (49.1%) 35 (55.5%) p=0.140

>10 24 (42.1%) 17 (27.0%)

MRl features

Subcapsular lesion 51 (89.5%) 31 (49.2%) p<0.01

Capsular retraction 34 (59.6%) 2 (3.2%) p<0.01

Lollipop sign 38 (66.7%) 4 (6.4%) p<0.01

Coalescent lesion 33 (57.9%) 19 (30.2%) p<001

Target sign
TIW 25 (43.9%) 11 (17.5%) p<0.01
T2W 43 (75.4%) 25 (39.7%) p<0.01
DwI 18 (31.6%) 20 (31.7%) p=0.571
Arterial 17 (29.8%) 18 (28.6%) p=0519
Portal 40 (70.2%) 23 (36.5%) p<0.01
Equilibrium 38 (66.7%) 21 (33.3%) p<0.01
Any sequence 46 (80.7%) 43 (68.3%) p=0.089
T2W + Portal 37 (64.9%) 8 (12.7%) p<0.01

with good long-term results [12—-18]. However, for most
of HEH patients, intrahepatic lesions were evaluated
as unresectable, since multiple lesions were observed
in both lobes of the liver. Even for HEH patients with
singular intrahepatic lesion, extrahepatic metastasis
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Fig. 6 The appearance of capsular retraction on MRl images of 4 HEH patients (arrows)

(lung, bone, spleen, etc.) may coexist, which made
radical resection impossible. Due to the nearly normal
liver function of HEH patients and limited organ dona-
tion, liver transplantation may be unaccessible for most
HEH patients. Recently, sirolimus and interferon-a 2b
have been reported with the satisfying results, which
makes them good treatment options [19-23]. Although
the MRI characteristics of HEH have been reported,
radiological misdiagnosis of HEH was very common
and metastatic tumor was the most scenario, which
made it a necessity to summarize the features of MRI
appearances in a large group of HEH patients. In this
study, the MRI images of 57 HEH patients were retro-
spectively analyzed on both per-lesion and per-patient
evaluation. From our knowledge, this study included
the most HEH patients for MRI features analysis ever
reported, which made the results much more compre-
hensive and reliable.

In this study, the characteristic MRI findings of HEH
were previously reported in the literatures, such as

coalescent lesion, subcapsular lesion, capsular retrac-
tion, lollipop sign and target sign [7-9, 24—26]. Accord-
ing to the results of this study, all of these features were
related to the lesion size and small lesions (<2 c¢cm) had
the lowest rates in all of them, except for subcapsu-
lar lesion. Although coalescent lesion was reported to
be one characteristic of HEH, most of the lesions were
found to be nodular in this study and coalescent lesions
only accounted for a small proportion. The occurrence of
coalescent lesion correlated with the size. As the lesion
grew, the possibility of a merged lesion from several
nodular lesion increased. In this study, rate of coalescent
lesion was 74.4% in the group of large lesions (>5 cm).
Compared with HMT, HEH patients had a higher rate of
coalescent lesion, but 30.2% HMT patients still had the
appearance of coalescent lesion, which made it a less spe-
cific feature of HEH. The same situation applied to sub-
capsular lesion. Subcapsular lesion was also deemed as a
feature of HEH [27, 28], but almost half of HMT patients
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Fig. 7 The appearance of lollipop sign on MRl images of 4 HEH patients (arrows)

had the appearance of subcapsular lesion, which could
not be used as a feature for differential diagnosis.

In this study, a total of 47 lesions (11.4%) caused cap-
sular retraction and 34 patients (59.6%) had this appear-
ance, which was in agreement with previous literatures
[6, 8, 29]. The possibility of capsular retraction also cor-
related with the size of lesion. The lesion in the large
group (>5 cm) had the highest rate of capsular retraction.
Meanwhile, HMT patients seldom had the appearance of
capsular retraction which made it a specific radiological
feature for HEH. Lollipop sign which was depicted as a
combination of two structures: the well-defined tumor
on contrast enhanced images (as the “candy”) and the
occluded vein (as the “stick”), was previously reported to
be a characteristic sign of HEH [30, 31]. In this study, we
found that 14.6% of lesions had the appearance of lollipop
sign and its occurrence also correlated with the size of
lesion. The lesions in large group (>5 cm) had the highest
rate of lollipop sign. Moreover, lollipop sign was found in

66.4% of HEH patients, while HMT patients rarely had
this appearance, which made it another specific feature
for differential diagnosis.

Target sign which was depicted as a stratified pattern
with concentric rings of varying intensity was reported to
be a specific MRI feature for HEH [32-35]. It was gener-
ated by a sclerotic fibrous center, a layer of cellular prolif-
eration and a peripheral narrow avascular zone between
the tumor and liver parenchyma. Although target sign
could be found on different MRI sequence images, T2W
and portal phase had higher rate of target sign [36]. In
this study, on per-lesion analysis, T2W had the high-
est rate of target sign. The occurrence of target sign also
correlated with the size lesion and the medium group
(2-5 cm) had the highest rate. For small lesions (<2 cm),
a sclerotic fibrous center may be lacked and large lesions
(>5 cm) may have irregular shape of sclerotic center,
instead of a round shape. Although a difference could be
detected between HMT and HEH patients in the rate of
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enhancement on portal phase image (arrow), instead of target sign

Fig. 8 a, b A 40-year-old male HEH patient with coexistence of target appearance on both T2 weighted and portal phase images. a Target sign
on fat-saturated T2-weighted image, consisted of concentric layers including markedly hyperintense in central tumor regions and moderately
hyperintense peripheral zone (arrow). b Target sign on portal phase image, consisted of concentric layers including markedly hypointense in
central tumor regions and peripheral zones which were moderately hypointense relative to liver parenchyma (arrow). ¢, d A 51-year-old male
rectal carcinoma patients with multiple liver metastasis. ¢ A classic target sign on fat-saturated T2-weighted image (arrow). d Heterogeneous

target sign on T1W, T2W, portal and equilibrium phase
images, more than half of HMT patients had target sign
on T2W images, which made it a less specific feature for
HEH. However, if the target sign was defined as positive
in the setting of target appearance on both T2W and por-
tal phase, the rate of target sign in HMT decreased obvi-
ously. So, coexistence of target appearance on both T2W
and portal phase could be a more specific MRI feature for
HEH, instead of target sign on only one sequence.

There were several limitations about this study. First,
HMT from different primary tumors may impact the
viability to distinguish HEH from each of them, espe-
cially for cholangiocarcinoma, due to the possible
overlapping characteristic of capsular retraction. How-
ever, for patients with HMT, symptoms, abnormalities
of laboratory tests and radiological findings caused

by primary tumors will also be helpful for differential
diagnosis. The purpose of this study was to provide
more accurate depiction of HEH MRI features, based
on a larger patients group. But from our point of view,
MRI appearances of HEH could differ obviously among
patients and the intra-patient heterogeneity should
also be noticed. The value of depicted MRI features
in this study was to provide radiological clues and the
final diagnosis of HEH should still rely on pathological
examination. Second, MRI features on hepatobiliary
phase were previously reported to be valuable for HEH
[36]. Since hepatobiliary phase was not performed for
most HEH patients in this study, the characteristics of
hepatobiliary phase was not analyzed.

In conclusion, capsular retraction and lollipop sign were
specific features of HEH and larger lesions (>5 cm) had
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higher possibility to present these appearances. Since both
of them were rarely presented in HMT patients, capsular
retraction and lollipop sign could be used for quick dis-
tinguishment of HEH. Medium lesions (2-5 ¢cm) of HEH
were more likely to present target sign. Because target sign
on T2W or portal phase was not rare in HMT patients, it
may not be suitable for differential diagnosis. However, the
coexistence of target appearance on both T2W and portal
phase images was relatively rare in HMT patients, which
made it a specific MRI feature for HEH.

Abbreviations

CT. Computed tomography; DWI: Diffusion-weighted imaging; GRE: Gradient
recall echo; HEH: Hepatic epithelioid hemangioendothelioma; HMT: Hepatic
metastatic tumors; MRI: Magnetic resonance imaging; SI: Signal intensity; TSE:
Turbo spin echo; W: Weighted.

Acknowledgements
The authors thank all the associated staff of Radiology Department for assist-
ing with the implementation of this study.

Authors’ contributions

All of the patient’s clinical and radiological data were collected by XLL. The
study was designed by ZYY and FT. FT and HWY reviewed the MRl images.
ZHZ, SS, JH and HDT were responsible for literature review, data collection and
analysis. The manuscript was primarily written by XLL, then edited by HWY
and FT. All authors read and approved the final manuscript.

Funding
The authors state that this work has not received any funding.

Availability of data and materials
The data used during this study are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate

Institutional Review Board exempted the study from formal approval due to its
retrospective and noninvasive nature. Since patient’s privacy was maintained
and no impact was implemented on patient’s care, patient consent was not
required for this retrospective study.

Consent for publication
Images are entirely unidentifiable, and there are no details on individuals
reported within the manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Hepatobiliary Surgery, China-Japan Friendship Hospital, 2
Yinghua Dongjie, Hepingli, Beijing 100029, China. >Department of Radiology,
China-Japan Friendship Hospital, Beijing, China. *Department of Radiation
Oncology, China-Japan Friendship Hospital, 2 Yinghua Dongjie, Hepingli,
Beijing 100029, China.

Received: 7 October 2021 Accepted: 21 March 2022
Published online: 05 April 2022

Page 10 of 11

References

1. Sardaro A, Bardoscia L, Petruzzelli MF, Portaluri M (2014) Epithelioid
hemangioendothelioma: an overview and update on a rare vascular
tumor. Oncol Rev 8(2):259

2. Weiss SW, Enzinger FM (1982) Epithelioid hemangioendothelioma: a
vascular tumor often mistaken for a carcinoma. Cancer 50(5):970-981

3. Otrock ZK, Al-Kutoubi A, Kattar MM, Zaatari G, Soweid A (2006) Spontane-
ous complete regression of hepatic epithelioid haemangioendothelioma.
Lancet Oncol 7(5):439-441

4. Liu XL, Yang ZY (2021) Outcomes of hepatic epithelioid hemangioendo-
thelioma with different managements: a retrospective investigation. Eur
Rev Med Pharmacol Sci 25(12):4274-4282

5. Makhlouf HR, Ishak KG, Goodman ZD (1999) Epithelioid hemangioen-
dothelioma of the liver: a clinicopathologic study of 137 cases. Cancer
85(3):562-582

6. Zhao XY, Rakhda MIA, Habib S et al (2014) Hepatic epithelioid heman-
gioendothelioma: a comparison of Western and Chinese methods with
respect to diagnosis, treatment and outcome. Oncol Lett 7(4):977-983

7. Kim EH, Rha SE, Lee YJ, Yoo IR, Jung ES, Byun JY (2015) CT and MRl imag-
ing findings of hepatic epithelioid hemangioendotheliomas: emphasis
on single nodular type. Abdom Imaging 40(3):500-509

8. Paolantonio P, Laghi A, Vanzulli A et al (2014) MRI of hepatic epithelioid
hemangioendothelioma (HEH). J Magn Reson Imaging 40(3):552-558

9. Lee JH, Jeong WK, Kim YK et al (2017) Magnetic resonance findings of
hepatic epithelioid hemangioendothelioma: emphasis on hepatobiliary
phase using Gd-EOB-DTPA. Abdom Radio (NY) 42(9):2261-2271

10. Dong AS, Dong H, Wang Y, Gong J, Lu JP, Zuo CJ (2013) MRl and FDG PET/
CT findings of hepatic epithelioid hemangioendothelioma. Clin Nucl
Med 38(2):e66-73

11. Stacchiotti S, Miah AB, Frezza AM et al (2021) Epithelioid hemangioendo-
thelioma, an ultra-rare cancer: a consensus paper from the community of
experts. ESMO Open 6(3):100170

12. LaiQ Feys E, KaramV et al (2017) Hepatic epithelioid hemangioen-
dothelioma and adult liver transplantation: proposal for a prognostic
score based on the analysis of the ELTR-ELITA registry. Transplantation
101(3):555-564

13. Rodriguez JA, Becker NS, O'Mahony CA, Goss JA, Aloia TA (2008) Long-
term outcomes following liver transplantation for hepatic hemangioen-
dothelioma: the UNOS experience from 1987 to 2005. J Gastrointest Surg
12(1):110-116

14. Nudo CG, Yoshida EM, Bain VG et al (2008) Liver transplantation for
hepatic epithelioid hemangioendothelioma: the Canadian multicentre
experience. Can J Gastroenterol 22(10):821-824

15. Lerut JP, Orlando G, Adam R et al (2007) The place of liver transplantation
in the treatment of hepatic epithelioid hemangioendothelioma: report of
the European liver transplant registry. Ann Surg 246(6):949-957

16. Wang LR, Zhou JM, Zhao YM et al (2012) Clinical experience with primary
hepatic epithelioid hemangioendothelioma: retrospective study of 33
patients. World J Surg 36(11):2677-2683

17. Mehrabi A, Hoffmann K, Weiss KH et al (2016) Long term follow up after
resection emphasizes the role of surgery in primary hepatic epithelioid
hemangioendothelioma. Ann Med Surg 11:1-4

18. Cardinal J, de Vera ME, Marsh JW et al (2009) Treatment of hepatic epi-
thelioid hemangioendothelioma: a single-institution experience with 25
cases. Arch Surg 144(11):1035-1039

19. Galvao FHF, Bakonyi-Neto A, Machado MAC et al (2005) Interferon alpha-
2B and liver resection to treat multifocal hepatic epithelioid hemangioen-
dothelioma: a relevant approach to avoid liver transplantation. Transplant
Proc 37(10):4354-4358

20. Calabro L, Di Giacomo AM, Altomonte M et al (2007) Primary hepatic epi-
thelioid hemangioendothelioma progressively responsive to interferon-
alpha: is there room for novel anti-angiogenetic treatments? J Exp Clin
Cancer Res 26(1):145-150

21. Radzikowska E, Szczepulska-Wojcik E, Chabowski M, Oniszh K, Langfort R,
Roszkowski K (2008) Pulmonary epithelioid haemangioendothelioma—
interferon 2-alpha treatment—case report. Pneumonol Alergol Pol
76(4):281-285

22. Stacchiotti S, Simeone N, Lo Vullo S et al (2021) Activity of sirolimus
in patients with progressive epithelioid hemangioendothelioma: a
case-series analysis within the Italian Rare Cancer Network. Cancer
127(4):569-576



Liu et al. Insights into Imaging

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

(2022) 13:65

Engel ER, Cournoyer E, Adams DM, Stapleton S (2020) A retrospective
review of the use of sirolimus for pediatric patients with epithelioid
hemangioendothelioma (EHE). J Pediatr Hematol Oncol 42(8):e826-e829
Lyburn ID, Torreggiani WC, Harris AC et al (2003) Hepatic epithelioid
hemangioendothelioma: sonographic, CT, and MR imaging appearances.
AJR Am J Roentgenol 180(5):1359-1364

Kim KA, Kim KW, Park SH et al (2006) Unusual mesenchymal liver tumors
in adults: radiologic—pathologic correlation. AJR Am J Roentgenol
187(5):481-489

Lin J,JiY (2010) CT and MRI diagnosis of hepatic epithelioid hemangioen-
dothelioma. Hepatobiliary Pancreat Dis Int 9(2):154-158

Onishi Y, Kusumoto M, Motoi N et al (2021) Nature history of epithelioid
hemangioendothelioma of the liver: CT findings of 15 cases. Acad Radiol
28(6):778-782

Economopoulos N, Kelekis N, Argentos S et al (2008) Bright-dark ring sign
in MR imaging of hepatic epithelioid hemangioendothelioma. J Magn
Reson Imaging 27(4):908-912

Gan LU, Chang RP, Jin HL, Yang LI (2016) Typical CT and MRI signs of
hepatic epithelioid hemangioendothelioma. Oncol Lett 11(3):1699-1706
Mamone G, Miraglia R (2019) The "Target sign”and the “Lollipop sign”

in hepatic epithelioid hemangioendothelioma. Abdom Radiol (NY)
44(4):1617-1620

Alomari Al (2006) The lollipop sign: a new cross-sectional sign of hepatic
epithelioid hemangioendothelioma. Eur J Radiol 59(3):460-464

ChenY, Yu RS, Qiu LL, Jiang DY, Tan YB, Fu YB (2011) Contrast-enhanced
multiple-phase imaging features in hepatic epithelioid hemangioendo-
thelioma. World J Gastroenterol 17(30):3544-3553

Klinger C, Stuckmann G, Dietrich C et al (2019) Contrast-enhanced imag-
ing in hepatic epithelioid hemangioendothelioma: retrospective study of
10 patients. Z Gastroenterol 57(6):753-766

Amin S, Chung H, Jha R (2011) Hepatic epithelioid hemangioendothe-
lioma: MR imaging findings. Abdom Imaging 36(4):407-414

Bruegel M, Muenzel D, Waldt S, Specht K, Rummeny EJ (2011) Hepatic
epithelioid hemangioendothelioma: findings at CT and MRI including
preliminary observations at diffusion-weighted echo-planar imaging.
Abdom Imaging 36(4):415-424

Ganeshan D, Pickhardt PJ, Morani AC et al (2020) Hepatic hemangioen-
dothelioma: CT, MR, and FDG-PET-CT in 67 patients—a bi-institutional
comprehensive cancer center review. Eur Radiol 30(5):2435-2442

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	MRI appearances of hepatic epithelioid hemangioendothelioma: a retrospective study of 57 patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Key Points
	Introduction
	Patients and methods
	Patients
	MRI Imaging
	Image analysis
	Statistical analysis

	Results
	General information
	MRI findings of HEH on per-lesion analysis
	Comparison of MRI features among HEH lesions of different sizes
	Comparison of MRI features between HEH and HMT on per-patient analysis

	Discussion
	Acknowledgements
	References


