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Abstract
Epithelioid hemangioendothelioma is a very rare, vascular, low-grade malignant
tumor found in the lungs, liver, bone, and other soft tissues. Most patients with
pulmonary epithelioid hemangioendothelioma (PEH) are asymptomatic but usu-
ally present with multiple bilateral nodular lesions in the lungs. Currently, surgi-
cal lung biopsy, histology, and immunohistochemical methods are essential for
diagnosis. However, there is no standard therapy for the treatment for PEH.
Our paper describes the clinico-radiologic features and genomics of PEH based
on next-generation sequencing (NGS) in a 43-year-old male we encountered.
The patient came to the hospital with right chest pain. After investigation, a
lesion in the middle lobe of the right lung was found, together with smaller mul-
tiple lesions in both lungs. After resection of the lesion, histopathological analysis
showed positive findings for PEH. The patient’s blood and tumor tissue were
sent for NGS analysis for further investigation. Results from the analysis revealed
mutations of multiple genes. The information obtained from the genomic analy-
sis of PEH using NGS may be significant for the planning and monitoring of
treatment for this disease.

Introduction

Epithelioid hemangioendothelioma (EH), known as intra-
vascular bronchoalveolar neoplasm, is a rare disease first
described in 1975.1 Since then, more than 100 cases have
been reported in the literature.2,3 Pulmonary EH (PEH)
originates from endothelial cells and has a characteristic
epithelioid histological appearance.4 Currently, it remains a
low-grade malignant vascular tumor with no standard
therapy and an undefined prognosis.2 Most previous case
reports have discussed the clinical presentation, radiologi-
cal and pathological findings, and prognosis, but very few
have described the genomics of this tumor. Therefore, this

report presents the clinico-radiological features of PEH
and its genomics based on next-generation sequencing
(NGS), a technique that provides clues of molecular mar-
kers in cancer.

Case Report

A 43-year-old man attended the hospital complaining of
sharp right chest pain that had lasted for 10 days during
exercise. He also complained of sleep deprivation as a
result of worrying about his illness. He had no cough, spu-
tum, hemoptysis, dyspnea, or weight loss. He had not been
an active smoker for the past two decades, but drank about
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two units of alcohol per day. He had no history of malig-
nancy or genetic disease but had suffered a puncture in his
right chest 20 years before, which had been managed.
Moreover, he had undergone high right groin hernia repair
five years earlier.
At the time of admission, the physical examination

revealed normal vital signs. Nothing abnormal was
detected on auscultation.
A laboratory examination revealed white blood cell,

red blood cell, hemoglobin, and platelet counts of 7130/
mm3, 4 910 000/mm3, 158.0 g/L, and 3310 mm3, respec-
tively. The prothrombin time (PT), activated partial
thromboplastin time (APTT), international normalized
ratio (INR), and hepatic and renal function tests were all
normal. However, a positive test for hepatitis B was
detected in the blood, showing an HBsAg level of
55.34 IU/mL.
A chest radiograph showed a mass lesion in the right

middle lobe (Fig 1), while a computed tomography
(CT) scan showed another nodule in the medial segment
of the same right middle lobe. A smaller nodule was
observed in the lingular segment of the left upper lobe,
together with multiple smaller lesions throughout both
lungs (Fig 2). Positron emission tomography-CT showed
4.4 and 6.8 of the standard uptake value (SUV) of the
lesions in the lingular segment of the left upper lobe and
the medial segment of the right middle lobe, respectively.
Bronchoscopy was performed and yielded normal tissue
with fragments of the bronchial wall only. The

preoperative forced expiratory volume in one second
(FEV1) was 3.48 L (102.8% of the predicted volume) with-
out an obstructive pattern. After assessing that the patient
was stable, we decided to perform a palliative thoracotomy.
The right middle lobe was resected and a wedge resection of
the right lower lung was performed. The interlobular and
lobar nodes were also resected. The smaller nodule
observed in the lingular segment of the left upper lobe was
left unresected.
The resection from the right middle lobe revealed a

whitish, 2.2 cm in diameter hard nodule, which had infil-
trated to the visceral pleura. A red grey nodule of
medium hardness without visceral pleura infiltration and
measuring 1.0 cm in diameter was also resected from the
same side. A nodule without visceral pleura infiltration
measuring 0.2 cm in diameter was resected from the right
lower lobe.
Histopathological study of the larger nodule sections

from the right middle lobe showed tumor tissue. The
tumor cells were either round, polygonal, or short
spindle-shaped, with an abundant eosinophilic cytoplasm
in which vacuoles were observed (Fig 3). The cells were
arranged in nests and cords with interstitial hyaline
degeneration. The nucleoli of the tumor cells were not
prominent and were accompanied by little mitosis. Histo-
pathological examination of the sections from the right
lower lobe and the nodule of the right middle lobe
revealed non-tumoral tissue. The interlobular node was
infiltrated with tumor cells, which were not observed in
the lobar node. After immunohistochemical staining, the
tumor cells were immunoreactive for CD31, CD34,
Vimentin, and Bcl-2, and partially reactive for CD99. The
cells were negative for cytokeratin-7, CD56, thyroid tran-
scription factor 1, and Syn. The proliferative index (Ki-
67) was about 1% (Fig 3). All of these positive findings
suggested a diagnosis of PEH.
After diagnosis, the patient’s blood and tumor tissue

were sent to a GENESEEQ agent (Nanjing, China) for
genetic analysis using NSG to provide a guide for treat-
ment. Results were obtained by detecting the exons of
416 genes containing their 1 463 540 bases. Eighteen
mutated genes related to soft tissue sarcoma were found
and the eight potential chemotherapeutic drug options
were discussed.

Discussion

Epithelioid hemangioendothelioma was initially considered
an aggressive form of bronchoalveolar cell carcinoma that
invaded adjacent blood vessels and was thus named intra-
vascular bronchoalveolar tumor.1 The development of the
electron microscope and immunohistochemical techniques
confirmed the endothelial lineage of the tumor cells and

Figure 1 Chest radiograph showing a mass lesion in the right middle
lobe (indicated by arrow).
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Figure 2 Chest computed tomography scan showing (a) a nodule in the medial segment of the right middle lobe and (b) a smaller nodule in the lin-
gular segment of the left upper lobe and several smaller lesions throughout both lungs.

Figure 3 Surgical lung biopsy of the right middle lobe. (a) Low-power view showing the lung tumor tissue surrounded by lung parenchyma (hema-
toxylin & eosin × 40 magnification). (b) Higher magnification of the lung tumor tissue showing epithelioid cells arranged in a nest and cords with
interstitial hyaline degeneration (hematoxylin & eosin × 400 magnification). Immunohistochemical stain positive for (c) CD31 (× 400 magnification)
and (d) CD34 (× 400 magnification).
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the term epithelioid hemangioendothelioma was coined in
1986.4 Clinically, EH is a rare vascular tumor with low to
borderline malignancy between a benign hemangioma and
a malignant angiosarcoma.5,6 It is reported to arise from
many organ systems, including the liver, bone, soft tissue,
mediastinum, and lungs.7,8

The mortality rate associated with EH varies according
to the location of the tumor, reported as 13% in soft tis-
sue, 35% in the liver, and 65% in lung tumors.9 EH aris-
ing from the lung and liver has a tendency to be
multifocal.10 However, it is difficult in all cases to confirm
whether the tumor is a primary, multicentric, or meta-
static lesion.
Pulmonary EH is often diagnosed by chance because in

most cases patients do not present with obvious symp-
toms.6,7,11,12 Nevertheless, in most cases, patients complain
of chest problems, such as dyspnea, cough, chest pain, and
hemoptysis.13–15 Previous studies have found out that
women tend to suffer from PEH more often than men and
the mean age of patients suffering from PEH is around
40 years.8,11,16 In our case, the patient was male but was
almost the same age at which patients usually present
with PEH.
Pulmonary EH is mainly characterized by multiple

nodules with well or ill-defined margins in both lungs, as
observed in this case. The nodules are usually less than
1 cm in diameter, although larger nodules have been
reported. Radiographically, PEH can initially present as
bilateral or unilateral multiple nodular opacities and are
nearly always mistaken for metastatic carcinoma.17 PEH
can also include pleural involvement and pleural effusion
because diagnosis is difficult and often delayed.18 Accord-
ing to previous reports, bronchoalveolar lavage and trans-
bronchial biopsies are often inadequate to make a
definitive diagnosis.19 A diagnosis is always made based on
histological features and immunohistochemistry results of
pulmonary biopsy.20,21 The immunoreactivity of PEH to
vascular endothelial makers distinguishes it from mesothe-
lial, epithelial, and muscular tissue differentiation.22 In this
study, immunohistochemical staining for malignant cells
with CD31 and CD34 were all positive and indicative
of PEH.
Although the prognosis of PEH is difficult to predict,

studies have reported that patients can survive from 10 to
20 years.4,21,23 However, cases with a poor prognosis have
been reported.7,24,25 Horek et al. found that PEH patients
with pleural effusion died within a year, while those with-
out pleural effusion survived for longer than a year.26 In
the same study, partial spontaneous regression of PEH was
found in three asymptomatic patients who lived for five,
13, and 15 years after diagnosis. In a study of male
patients, symptoms such as the presence of a cough,
hemoptysis, chest pain, multiple unilateral nodules, and

pleural effusion were all significant risk factors for PEH.8

The symptoms and the presence of pleural effusion were
two independent predictors of survival in these patients.
Because of insufficient data, there is currently no stand-

ard treatment for PEH;22 however, NGS analysis of our
patient’s blood and tumor tissue revealed important infor-
mation to guide treatment. CYP2D6*10 (C100T) and
NQO1 gene mutations may indicate that a tumor is not
sensitive to tamoxifen or mitomycin, respectively.
CYP3A5*3 gene mutations may cause a patient to suffer
greater toxicity when administered sunitinib. Fluoropyimi-
dine can also cause greater incidence of side affects as a
result of DPYD*2B and DPYP*9A gene mutations.
UGT1A1*6 and CYP2B6*6 gene mutations may cause
greater side effects in patients treated with irinotecan/eto-
poside and cyclophosphamide, respectively. The results
indicated that our patient could benefit from platinum
anti-neoplastic drugs for ERCC1, GSTT1, and XRCC1 gene
mutations. NGS can detect disease-associated genomic
alterations and might help to predict response to targeted
therapies.26

According to previous published literature, partial spon-
taneous regression of PEH can occur and careful monitor-
ing is considered an acceptable option, especially in
asymptomatic patients.27 Surgical resection seems to pro-
vide remission in cases of solitary or multiple lesions. Cur-
rently, there is no sufficient evidence to recommend a
specific drug regimen, although chemotherapeutic agents
have been attempted.24 Complete remission after six
courses of carboplatin plus etoposide chemotherapy has
been reported,28 but our patient only underwent surgical
resection. After almost a year of follow-up, the patient is
stable.
Mediastinal EH (MEH) is very rarely reported, with an

approximate incidence of 8% in the literature.29 The clini-
cal symptoms of MEH are non-specific, and mainly
depend upon local compression and stimulation of adja-
cent organs, such as chest pain, cough, dyspnea, and
hoarseness of the voice. MEH is discovered in asympto-
matic patients by physical examination.30 In nearly 65% of
MEH patients, the tumor is located in the anterior medias-
tinum, and more than half of the MEH originates from
blood vessels, especially from veins, including the brachio-
cephalic vein, superior vena cava, and azygos vein.31 Occa-
sionally, the tumor involves multiple blood vessels and
blocks the lumen.32 MEH is typically characterized by a
soft-tissue mass with a well-defined margin on CT or mag-
netic resonance imaging.30 Because like PEH, MEH follows
a relatively indolent clinical course, it is easily misdiag-
nosed as a benign tumor, such as a teratoma. For mediasti-
nal tumors, poor preoperative prognostic factors include
size >3 cm, malignant pleural effusion, and clinical symp-
toms related to the compression or obstruction of vascular
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structures.33 A complete resection of the tumor followed by
vein reconstruction (if the vascular involved) is recom-
mended. However, adjuvant therapy should be taken into
account to avoid recurrence, particularly in cases that are
not completely surgically resected.34

In conclusion, we described a case of PEH, a rare vascu-
lar tumor with intermediate malignancy. To our knowl-
edge, our patient’s genetic findings represent the first
report explaining a possible relationship between mutated
genes and drug treatment. Our discussion of the diagnosis
of this tumor and therapeutic options may improve man-
agement strategies for PEH.
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