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Abstract

Objectives: Epithelioid hemangioendothelioma is an exceedingly rare vascular neoplasm with an indolent clinical course in various
body sites. Its morphological appearance and prognosis are heterogeneous and complicated.

Methods: We aimed to summarize the clinicopathologic features and prognostic factors of epithelioid hemangioendothelioma in

retrospective research of 34 cases in two medical centers.

Results: There were 14 (41.2%) males and 20 (58.8%) females, with a median age of 46.6 years (range 16-75 years). We compared
the clinicopathological characteristics of lesions occurring from 7 body sites, including liver (N=15), lung (N=10), skin and soft
tissue (N=3), bone (N=2), anterior mediastinum (N=2), adrenal gland (N=1) and left supraclavicular (N=1). In resected lesions, the
multi-nodular growth pattern, the endovascular flower-like structure, and the forming of immature blood vessels were remarkable.
Immunohistochemistry was essential for accurate diagnosis, especially in a biopsy. ERG and CD31 immunostaining are the most
helpful markers. Ki67 index was mostly lower than 10%. Although there were multiple therapeutic options, patients who underwent
operation had a better prognosis than unresectable groups in our study.

Conclusions: Epithelioid hemangioendothelioma was clinically indolent, and the prognosis depended mainly on tumor location
and the general state of the patients. Long-term follow-up should be applied to epithelioid hemangioendothelioma patients to

improve clinical outcomes.
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Key Points

In this study, we observed that EHEs from different anatomic
sites shared some clinicopathological features. For example, the sli-
ght predominance of middle-aged females, multifocal growth pat-
tern, and the expression of endothelial IHC markers, such as ERG,
and CD31, were common in the lesions. The endovascular flower-
like structure and intracytoplasmic vacuoles of neoplasm cells were

remarkable diagnostic clues for EHE, especially in biopsies. The
epithelial morphological appearance and controversially low Ki67
index (<10%) were essential clues.

Although EHEs had a tendency of multifocal occurrence in the
liver and lung, it was biologically indolent, with a 5-year survival
rate of over 75% in our study. The prognosis depends mainly on
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tumor location and the general state of the patients. Multiple treat-
ments and long-term follow-up should be applied to EHE patients
to improve the clinical outcome.

Introduction

Epithelioid hemangioendothelioma (EHE) is a rare vascular
neoplasm that can arise anywhere in the body with relatively less
aggressive clinical progression. The most commonly involved ana-
tomic locations were soft tissue, bone, liver, and lung [1-5]. Cases of
EHE have been documented in any period of adulthood, with an in-
cidence peak in the fourth and fifth decades [6] and a low incidence
in children and adolescent patients [7,8]. In addition, females were
slightly more predominant in gender distribution [9-11]. Despite
having a regularly multifocal development pattern, the biological
behavior of EHE was indolent. EHE had a prognosis between beni-
gn vascular neoplasm and highly malignant angiosarcoma, with a
relatively favorable five-year overall survival rate of more than 70%
[10,11].

Since EHE is extremely rare and morphologically variable, it is
difficult to make a concise pathological diagnosis, particularly in
biopsies. Furthermore, cases in splanchnic organs, such as the liver
and lung, are always multiple lesions. With the clustered growth
pattern and the typical cytoplasm-sufficient tumor cells, it is not
uncommon for biopsy specimens to be mistaken as metastatic po-
orly differentiated carcinoma [12,13], which may result in overtre-
atment for EHE patients. As a result, accurate pathological diagno-
sis is extremely important. However, due to the small number of
EHE cases, comparing the morphological, immunohistochemical,
and prognosis characteristics of tumors arising in various body
parts is challenging. Except for the previously documented intra-
sinusoidal growth pattern in hepatic EHE [14], there is relatively
little information in the literature about organ-specific histology of
EHE. Do they have similar or organ-specified morphological featu-
res and clinical outcomes? Do we need to apply distinct treatment
strategies for EHE rising from different sites? Our knowledge is still
quite inadequate of this rare malignancy.

In this study, we collected 34 EHE cases that were diagnosed
and treated in both National Cancer Center/Cancer Hospital and af-
filiated Shenzhen Cancer Hospital in China. The tumors were found
in seven anatomical locations, including liver, lung, bone, front me-
diastinum, subcutaneous, adrenal gland, and supraclavicular tis-
sues. The diagnoses were made by either biopsy or the dissected
tissues. For cancers involving diverse locations, detailed clinicopa-
thologic and prognostic information was examined and summari-
zed. Hopefully, our study will enhance the knowledge of this rare
tumor and improve its clinical management.

Materials and Methods
Patient Selection

A total of 34 cases of EHE were selected in two centers (Na-
tional Cancer Center/Cancer Hospital and affiliated Shenzhen
Cancer Hospital) from January 2011 to March 2021, and their me-
dical data were retrieved. Three senior pathologists reviewed the
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hematoxylin and eosin stained and immunohistochemical slides
from each case to confirm the diagnosis of EHE. The diagnosis was
made when the tumor showed typical morphology and expressed
endothelial markers such as ERG, CD31, or CD34.

Clinical Information Records and Follow-Up

Clinical characteristics such as patient age at presentation, gen-
der, medical history, number and location of the lesion (solitary or
multifocal), the existence of distant metastasis, and date of last fol-
low-up or death were recorded.

Immunohistochemistry

Immunohistochemistry staining was done on 4-pum-thick
formalin-fixed and paraffin-embedded (FFPE) tissue slides. The
primary antibodies included anti-ERG (Ventana, prediluted), an-
ti-CD31(Ventana, prediluted), anti-AE1/AE3 (Dako, prediluted),
anti-CAMTA1 (Novus Biologicals, Littleton, CO), and anti-TFE3 (Cel-
IMarque, Rocklin, CA). Heat-induced antigen retrieval was used, and
the EnVision system (Dako) was used for detection. The staining
results were classified as negative (<25% positive cells), mildly po-
sitive (1+, 25-50% positive cells, with light yellow or light brown
signals), and strongly positive (2+, 25-50% positive cells, with dark
brown signals or 3+, 2 50% positive cells, with dark brown signals).

Statistical Analyses

SPSS software, version 22.0, was used to analyze the data (IBM
Corporation, New York, NY, USA). The Kaplan-Meier method was
used to compute the survival rates based on the date of either the
clinical record or phone follow-up. Results with P-value <0.05 were
considered significant for all statistical analyses.

Results
Clinicopathological Characteristics

A total of 34 patients were diagnosed as EHE at National Can-
cer Center/Cancer Hospital (N=31) and affiliated Shenzhen Cancer
Hospital (N=3) between January 2011 and March 2021, including
14 (41.2%) males and 20 (58.8%) females, with a median age of
46.6 years (range from 16 to 75 years). Table 1 summarizes the
basic clinicopathological facts. Seven locations were involved, in-
cluding liver (N=15), lung (N=10), skin and soft tissue (N=3), bone
(N=2), anterior mediastinum (N=2), adrenal gland (N=1) and left
supraclavicular (N=1). There were 28 cases of original neoplasms
(including three with lymph node metastases), while the others
had recurrent neoplasms (N=2, both occurring in soft tissue) or
metastatic neoplasms (N=4, 2 occurring in the lung, 1 in the liver
and 1 in the adrenal gland). Only five of the 28 primary EHE were
solitary lesions (including 2 bones, 2 anterior mediastina, and 1
supraclavicular case). The remaining 23 instances were multifocal,
with the liver being the most affected organ (N=15). In our study,
the tumors involving the liver were frequently close to the capsule
and multi-centered and mostly occurred in middle-aged and elder-
ly patients. Thus, no wonder metastatic carcinoma and intrahepatic
cholangiocarcinoma were the top two considerations for radiologi-
cal diagnoses.
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Table 1: Clinical information.
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Follow-up
Case Sex Age Sites History Size(cm) Therapy Prognosis time (mon-
ths)
1 Female 40s Liver No 0.6-2 Surgery No recurrence 17
2 Male 30s Liver No 0.2-8 Surgery No recurrence 31
3 Female 50s Liver No NA Chemotherapy Dead 4
4 Female 30s Liver No NA Interferon Follow-up 34
5 Male 40s Liver No 0.2-2.5 Surgery Lost NA
6 Female 40s Liver No NA TACE Lost NA
7 Male 60s Liver No NA Chemotherapy Dead 19
8 Male 50s Liver No 1.5 Surgery No recurrence 48
9 Male 50s Liver L.eft upper NA No treatment Metastasis 56
limb EHE
10 Female 40s Liver No 1.8 Surgery No recurrence 58
11 Male 70s Liver No NA Radiotherapy Dead 22
Chemotherapy
12 Male 20s Liver No 2.6-3 Surgery Recurrence 58
13 Female 50s Liver No 0.7-6.5 Surgery Recurrence 73
14 Female 40s Liver No 0.5-2.5 Surgery No recurrence 106
15 Male 30s Lung No 0.2-1 Surgery and No recurrence 22
chemotherapy
16 Female 40s Lung No 0.6 Surgery No recurrence 28
17 Female 60s Lung No 32 Surgeryand | Recurrence in 37
chemotherapy liver
18 Female 30s Lung No 0.8 Surgery Che- Dead 7
motherapy
19 Female 60s Lung No NA NA NA Lost
20 Female 40s Lung ng};{t::ugh 0.4 No treatment Dead 52
Breast cancer
21 Female 50s Lung and left arm- NA NA NA Lost
pit EHE
Surgery,
chemotherapy
22 Male 60s Lung No 0.6-0.9 and radiothe- Dead 6
rapy
Surgery,
chemotherapy, | Lung recur-
23 Female 20s Lung No 0.4-0.8 interventional | rence and li- 115
therapy and | ver metastasis
target therapy
24 Female 30s Lung No 1 Surgery No recurrence 124
Surgery,
25 Male 50s Mediastinum No 4 chemotherapy No recurrence 17
and radiothe-
rapy
26 Female 60s Mediastinum No 6.5 Surgery NA Lost
27 Female 40s Bone No 4 Surgery No recurrence 31
Kidney clear
28 Male 60s Adrenal gland cell carcinoma NA Chemotherapy Dead 16
and pelvis
EHE

American Journal of Biomedical Science & Research

e |



Am ] Biomed Sci & Res Copyright© Hongtu Zhang

29 Male 20s Bone 6 Surgery NA Lost

30 Female 30s Soft tissue Recurrence 2 Surgery and NA Lost
chemotherapy

31 Female 30s Supraclavi- 0.2-1.6 Surgery NA Lost

cular

32 Male 10s Soft tissue Recurrence NA Surgery and Recurrence 34
chemotherapy

33 Male 40s Soft tissue 0.4-3.5 Surgery No recurrence 2

34 Female 30s Liver 1.3 Surgery No recurrence 2

Note*: NA: not assessed.

Massive and Microscope Features

The study included 24 cases of surgically dissected samples and
10 cases of biopsy samples. The latter were from liver (N=6), lung
(N=2), skin (N=1), and adrenal gland (N=1). The dissected tumors
appeared as solid masses with either pale white or pale-yellow co-
lor. Although the tumors were often well defined, no capsule was
found in any of the 24 cases. Liver capsule and pleural invasion
were observed in seven hepatic (7/9, 77.8%) and one pulmonary
(1/8, 12.5%) cases, respectively.

Under the microscope, a multi-nodular-forming structure was
found in 20 of the 24 cases (83.3%, Figure 1A), including all the dis-

sected tumors of liver (9/9) and lung (8/8), two of the three soft tis-
sue, and one of the two bone tumors. The tumor cells are arranged
in clusters, cords, nests, and strands (Figure 1B-1D). The nodules
were made up of epithelioid tumor cells densely distributed near
the edge and sparsely in the center. The center portion of the no-
dules exhibited hyalinization, calcification, and cholesterol crystals.
Thus, the lesions arising in lung were morphologically analogous
to granulomatous inflammation sometimes, leading to the misdia-
gnosis of pulmonary tuberculosis in the frozen section. The nodular
formation was absent in the other six surgical samples that affected
the mediastinum (N=2), left supraclavicular (N=1), bone (1/2), and
soft tissue (1/3).

Figure 1: Histology appearance of EHE. The typical nodular growing pattern (A). Tumor cells arranged in nests, clusters, cords, and pseudoglan-
dular structures (B-D). The classical intracellular vacuoles similar to signet ring like cells (E). Endovascular flower-like structure (F).
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Under the moderate to high power view, the tumors were cha-
racterized by middle-sized epithelioid cells arranged in cords, clu-
sters, papillary and glandular patterns. Signet ring-like or vacuola-
ted cells were present in 31 cases (91.2%) (Figure 1E). In addition,
immature blood vessel was encountered in 20 cases (58.9%), with
a single red blood cell presented in the tiny vascular cavity (Figure
1E). The tumor cells were generally short fusiform, spindle, or epi-
thelioid with abundant eosinophilic cytoplasm and vesicular nuclei.
In all cases, the nucleoli were indistinguishable. The nuclear atypia
was mild to moderate, and the mitotic rate was usually low (0 to
2/10HPF), seemingly incompatible with its growth pattern.

Aside from the normal endothelial features, the endovascular
flower-like structure was another diagnostic clue frequently obser-
ved in dissected EHE samples. This structure was characterized by
papillae covered by tumor cells protruding into the lumen of a small
to medium-sized blood vessel. This special structure was discove-
red in 19 cases of (79.2%) dissected specimens (Figure 1F).

Lymph node biopsy and dissection were performed on five

Table 2: Major results of immunohistochemistry detection.
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patients, three of whom had lymph node metastases. During the
follow-up period, one patient died of disease and the other two pa-
tients with lymph node metastasis were alive. There was no eviden-
ce of nerve invasion in the 34 cases.

Immunohistochemistry Detection

Immunohistochemistry staining was carried out on all the 34
EHE samples. The major staining results are summarized in Table
2. The most prevalent positive markers were ERG, CD31, CD34,
and CAMTA1 (Figure 2A-2D). 15/15 (100%) cases were detected
with strong positivity for ERG staining. 32/33 (97.0%) cases were
with CD31 expression. 29/34 (85.3%) cases demonstrated CD34
positivity in the cytoplasm. Factor VIII was expressed in 20/22
(90.9%) cases, followed by Fli1(18/20, 90%). D2-40 expression
was only observed in one case (1/5, 20%). Mesenchymal markers
demonstrated diffuse or focal expression, such as Vimentin (19/19,
100%), SMA (4/12, 33.3%), and S100 (3/13, 23.1%). Markers like
HMBA45, Melan-A, Mela-pan, CR, and MC were negative.

Antibody Name Numbers of Positive Cases
No. of Cases Detected | Positive Cases and%
Sites 1+ 2+ 3+
ERG 15 15 (100%) 0 0 15
CD31 31 32 (97.0%) 5 7 20
CD34 34 29 (85.3%) 3 5 21
Fli1 20 18 (90%) 6 7 5
Factor VI.Il—related 22 20 (90.9%) 8 7 5
antigen
D2-40 5 1(20%) 0 1 0
TFE3 13 7 (53.8%) 2 4 1
CAMTA1 10 10 (100%) 0 0 10
Vimentin 19 19 (100%) 0 1 18
SMA 12 4 (33.3%) 4 0 0
S100 13 3(23.1%) 3 0 0
HMB45 7 0 (0%) 0 0 0
Mela-A 3 0 (0%) 0 0 0
Mela-pan 1 0 (0%) 0 0 0
AE1/AE3 32 10 (31.3%) 7 2 1
CK18 19 9 (47.4%) 4 5 0
EMA 15 3 (20%) 1 1 1
CK7 16 1(6.3%) 1 0 0
CK19 6 0 (0%) 0 0 0
Hepatocyte 10 0 (0%) 0 0 0
TTF1 9 0 (0%) 0 0 0
Ki67 34 34 (100%) <5% 5-10% >10%
9 21 4
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Figure 2: Typical immunohistochemistry staining of EHE. The epitheloid neoplasm cells (A). Positive ERG staining in all the tested EHE cases (B),
followed by positive CD31 and CD34 in most detected cases (C-D). Negative AE1/AE3 staining (E). Ki67 index lower than 10% (F).

Compared to the diffuse and strong positivity of the vascular
makers, the expression of epithelial markers was either focally
weak or negative in EHE. The most frequently positive marker was
CK18 (9/19, 47.4%), followed by AE1/AE3 (10/32, 31.3%), EMA
(3/15, 20%) and CK7 (1/16, 6.3%) (Figure 2E). Entirely negatively
expressed markers included CK19(0/6), Hepatocyte (0/10), TTF1
(0/9), and CK20 (0/2).

Furthermore, alow Ki67 index (<10%) was demonstrated in 30
(88.2%) EHE cases that occurred in various anatomic sites (Figure
2F). Only four cases had a Ki67 index greater than 10%, including
three cases with metastasis and recurrence and one who died of the
disease shortly after surgery and chemotherapy. As a result, a gre-
ater Ki67 index suggested an increased chance of an unsatisfactory
clinical outcome, consistent with prior findings [15].

Treatment and Prognosis

Multiple treatments were applied to the 34 EHE patients after
pathological diagnosis. The most prevalent treatment option was
surgery, which was chosen by 24 patients (70.6%), including one
recurrent and one metastatic case. Two of the ten biopsy cases were
lost throughout the follow-up period; thus, treatment data was una-
vailable (2/10). Chemotherapy was the most frequent treatment
(3/8) for biopsy diagnosed EHE patients, followed by combined
chemotherapy and radiotherapy (1/8), TACE (1/8), interferon in-
tramuscular injection (1/8), amputation of thigh (1/8) and clinical
follow-up (1/8).

The follow-up records for 26 EHE patients were available, whe-
reas the other 8 cases were lost. The average recorded time was
39.2 months, ranging from 2 to 124 months. 7 patients died of the
disease (26.9%), of which 5 cases were elder than 59 years at the
time of diagnosis (71.4%, ranged from 38 to 75 years). 12 cases
(46.2%) were clinically cured without recurrence up to date. 7 ca-
ses (26.9%) survived with primary or recurrent tumors.

Discussion

EHE is a rare malignant vascular neoplasm that primarily af-
fects people aged 40 to 50, with a slight predominance in women.
In this study, 14 males (41.2%) and 20 females (58.8%) were inclu-
ded, with a median age of 46.6 years. According to previous studies,
EHE is extremely rare in childhood and adolescence [7,16]. Mo-
reover, there is only one patient under adulthood in our research
group, a 16-year-old patient. This neoplasm can appear anywhere
in the body [6,17,18]. In our research, the liver, lung, soft tissue, and
bone were the most frequently involved organs. A number of EHE
occurred asymptomatically, especially in Chinese patients [19]. Up
to 50% of patients (17 cases in our research) were accidentally de-
tected by routine body examination. Ache (8 cases, 47%) was the
most common symptom, followed by palpable painful mass (4 ca-
ses, 23%), bleeding (3 cases, 18%), fever (1 case, 6%), and chest
tightness (1 case, 6%). The clinical manifestation of EHE was non-
specific and may appear distinctly in different anatomic sites.

In our study, EHE from distinct anatomic sites shared several
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morphology features in common. First, the multi-nodular growth
patterns with uneven cellular distribution were present in 19 exci-
sional cases (19/24, 79.2%), including all nine dissected hepatic,
eight pulmonary, one subcutaneous, and one bone lesions. The pu-
shing rather than destructive infiltration was consistent with EHE’s
relatively slow progression [20]. Second, it frequently showed mul-
tiple lesions with solid, or nest-like growth patterns composed of
cytoplasm-sufficient cells. These characteristics were all diagnostic
pitfalls that were easily confused with metastatic cancers, parti-
cularly in the liver and lung. The low mitotic activity of EHE may
help in differentiation diagnosis. In most of our cases, the average
mitotic rate was less than 2/10HPF. The only exception was a re-
current lesion in a 16-year-old patient, where the mitotic rate was
5-6/10HPF with a high Ki67 index. Third, the endovascular flower-
like structure and the immature blood vessel were remarkable and
identical and can be helpful as diagnostic clues.

Immunohistochemistry was crucial for the accurate diagnosis
of EHE. There was a consistently strong and diffuse expression of
more than one endothelial marker, especially ERG and CD31, as
well as CD34, Flil, and F8. On the other hand, epithelial markers
like AE1/AE3, EMA and low molecular weight keratin, such as
CK18, CK19, and CK7, were either negative or focally and weakly
positive in EHE, which was extremely useful for distinguishing from
metastatic carcinomas. Besides, Ki67 was necessary for EHE dia-
gnosis. In our study, the Ki67 index was either lower than or equal
to 10% in most of the cases (30/34, 88.2%). Furthermore, novel
markers such as CAMTA1 and TFE3 were used in the differentiation
of hemangioma and angiosarcoma, which were totally negative for
both the markers [21,22]. As per other research groups, CAMTA1
was more sensitive and specific than TFE3 [23-25]. Our findings
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from ten pulmonary EHE revealed that the immunohistochemical
staining of CAMTA1 was diffusely positive in all the cases, with si-
gnificant nuclear signals. Moreover, TFE3 was either negative or
weakly positive, and a typical TFE3 gene fusion was only found in
one case. Unlike previous studies, the case with TFE3-YAP1 fusion
showed conventional morphology without predominant nuclei and
abundant vascularization [26]. As a result, we conclude that CAM-
TA1 can be utilized as a potential immunohistochemical marker in
differential diagnosis, which is consistent with the previous studies,
and TFE3-YAP1 fusion can be detected in some EHE cases [11,27].

In many countries, surgery is still the first option for treating
EHE. According to a recent ESMO consensus, complete resection
of neoplasm (RO resection) is highly recommended to reduce the
recurrent risk, especially in unifocal EHE lesions [9]. For clinical
studies of unresectable multiple neoplasms, chemotherapy, ra-
diotherapy, and anti-vascular forming target therapy were carried
out [28].

Although EHE arising in different body parts presented with
similar histological features, the clinical result varied significantly.
According to our experience, pulmonary EHE cases suffered a wor-
se prognosis than the liver, bone, or soft tissue lesions, which was
consistent with previous studies [3,28-30]. Interestingly, the liver
involvement in EHE cases was not that fatal unless the patients had
simultaneous lung lesions. The factors related to aggressive biolo-
gical behavior of EHE included age >59 years, unresectable lesions,
development of complications, Ki67 index >10%, mitotic count
>2/10HPF, lymph node metastasis, and pleura invasion (Figure
3A,3B). Moreover, age >59 years and unresectable lesions were
only statistically significant (P <0.05).

=

Surgery group

Mon-surgery group

Curmulative Overall Survival

ki
ol

i
o

Time [months]

oo

Cumulative Overall Survival

1=
s Age<59years
i
oF :
AgezS9years
L,
P=0.01
Al
H = = ) M - ]
Time [months)

Figure 3: Kaplan-Meier overall survival curve of EHE. (A) Patients underwent surgery and (B) Age <59 years were significantly associated with

better prognosis (P <0.05 and P <0.01, respectively).
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Conclusion

EHE is an extremely rare vascular malignancy with various
clinicopathological appearances. The endovascular flower-like
structure and the cells with intracytoplasmic vacuoles were remar-
kable diagnostic clues. Immunohistochemical markers ERG, CD31,
and CAMTA1 are more helpful than CD34, Fli1, and F8. Consistent
with its indolent clinical progress, the 5-year survival rate of EHE is
over 75%. The factors including age elder than 59 years, develop-
ment of complications, Ki67 index higher than 10%, mitotic count
more than 2/10HPF, lymph node metastasis, and pleura invasion
indicated a poor prognosis. The prognosis is primarily determined
by the tumor location and the general state of the patients. Multiple
treatment and long-term follow-up should be done on EHE patients
to improve the clinical outcome.
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