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Epithelioid hemangioendothelioma (EHE) is an ultra-rare, translocated, vascular sarcoma. EHE clinical behavior is
variable, ranging from that of a low-grade malignancy to that of a high-grade sarcoma and it is marked by a high
propensity for systemic involvement. No active systemic agents are currently approved specifically for EHE, which is
typically refractory to the antitumor drugs used in sarcomas. The degree of uncertainty in selecting the most
appropriate therapy for EHE patients and the lack of guidelines on the clinical management of the disease make the
adoption of new treatments inconsistent across the world, resulting in suboptimal outcomes for many EHE patients.
To address the shortcoming, a global consensus meeting was organized in December 2020 under the umbrella of
the European Society for Medical Oncology (ESMO) involving >80 experts from several disciplines from Europe,
North America and Asia, together with a patient representative from the EHE Group, a global, disease-specific
patient advocacy group, and Sarcoma Patient EuroNet (SPAEN). The meeting was aimed at defining, by consensus,
evidence-based best practices for the optimal approach to primary and metastatic EHE. The consensus achieved
during that meeting is the subject of the present publication.

Key words: sarcoma, epithelioid hemangioendothelioma, diagnosis, treatment, management, guidelines

INTRODUCTION only two prospective trials ongoing specifically dedicated to
EHE on eribulin and trametinib (ClinicalTrials.gov Identifier:
NCT03331250 and NCT03148275). Current clinical practice
is therefore based mostly on retrospective case series or
case reports (i.e. level IV-V evidence), in which the patho-
logical diagnosis was often not confirmed by an experienced
STS pathologist and molecular testing was not available.
Many of these reports were published before the identifi-
cation of characteristic WW domain-containing transcrip-
tion regulator 1 (WWTR1)-calmodulin binding transcription
activator 1 (CAMTA1) or Yes-associated protein 1 (YAPI1)-
transcription factor E3 (TFE3) gene fusions in EHE.

A degree of uncertainty needs to be accepted when
facing regulatory matters and clinical decision making in
ultra-rare cancers. In this consensus, however, we grade
levels of evidence from | to V and use grades of
recommendation from A to D adapted from the system

Epithelioid hemangioendothelioma (EHE) is an ultra-rare
vascular sarcoma, usually behaving as a low-grade malig-
nancy despite a high propensity for systemic involvement.
The degree of uncertainty in selecting the most appropriate
treatment of EHE patients is high, treatment options vary
and the adoption of new treatments is inconsistent across
the world, resulting in suboptimal outcomes for many pa-
tients. Also, no active systemic agents are currently
approved specifically for EHE, which is typically refractory to
the antitumor drugs used in soft tissue sarcomas (STS).

In December 2020, the European Society for Medical
Oncology (ESMO) convened a virtual consensus meeting to
update its clinical practice guidelines on sarcomas. Recog-
nizing the special need for a global consensus on the
management of patients with EHE, ESMO hosted a parallel
meeting that included EHE experts from several disciplines

from Europe, North America and Asia, with the contribution
of the EHE Group (composed by the EHE Rare Cancer
Charity, UK and the EHE Foundation), a global, disease-
specific patient advocacy group and a patient representa-
tive from Sarcoma Patient EuroNet (SPAEN).

QUALITY OF EXISTING EVIDENCE

The quality of evidence available for common cancers is
considerably stronger than for EHE. No phase Il or Il ran-
domized studies have ever been conducted and results from
only two phase Il trials are available. At present, there are

2 https://doi.org/10.1016/j.esmoop.2021.100170

used by the Infectious Diseases Society of America-US
Public Health Service Grading System 2 (Supplementary
Table S1, Supplementary Material, available at https://
doi.org/10.1016/j.esmoop.2021.100170).*

EPIDEMIOLOGY/CLINICAL PRESENTATION

EHE has an incidence of 0.038/100 000/year and a preva-
lence of <1/1 000 000,”“ showing a slight predominance in
women. The incidence peaks in the fourth to fifth
decade.”"” EHE is exceedingly rare in children.
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EHE can arise anywhere in the body and have various
presentations, including unifocal lesion (i.e. localized dis-
ease characterized by a single tumor lesion), locoregional
metastases (i.e. a disease with multifocal single-organ
involvement or multiple lesions to a single anatomic
compartment), or systemic metastases (i.e. a disease with
multi-organ involvement).>”® The relative incidence of such
presentations is currently unknown. When the onset occurs
as a single lesion, this is usually a solitary mass in the soft
tissues.”' " However, >50% of patients present with
metastatic disease, mostly involving lung, liver and bone.”**
An origin from a blood vessel can be demonstrated in
~50% cases.”> The monoclonal origin of multifocal EHE, at
least in liver, has also been established using WWTR1-
CAMTA1L breakpoint analysis, indicating that multiple le-
sions arise from spread of a single primary malignant
clone.™

The clinical presentation at the time of diagnosis is quite
variable. The initial diagnosis can be incidental in
completely asymptomatic patients. In symptomatic cases,
the most common symptoms are pain (40%), a palpable
mass (6%-24%) and weight loss (9%).”%° Angiocentric EHE
may present with signs and symptoms of venous
obstruction.

PROGNOSTIC FACTORS

Data available on prognostic factors in localized and
advanced EHE are limited and only retrospective. In most
cases, the interpretation of these series is further hampered
by the unavailability of standard diagnostic criteria.

There are no clearly validated pathological/molecular
prognostic factors for EHE. Grading systems based on a
combination of mitotic activity and tumor size,** or of his-
tologic atypia and tumor size have been proposed, but their
prognostic value needs to be confirmed [level of evidence
IV, C].** Conflicting conclusions had been reported on the
prognostic value of the gene rearrangement subtype,”*>*°
while recently, the negative prognostic role of synapto-
physin expression has been proposed.™*

The only prognostic factors are the extent of disease at
presentation (tumor size or the evidence of metastatic
disease) and the presence of systemic signs and symp-
toms.>>**1521 |n patients with serosal involvement with/
without effusion, the expected survival ranges from 1 to 11
months. The prognostic impact of locoregional metastases
versus systemic metastases is still controversial.”*°

The clinical behavior of metastatic EHE can be extremely
variable, ranging from that of a low-grade malignancy to
that of a high-grade sarcoma. Reliable molecular and bio-
logical features to stratify prognosis for advanced EHE are
lacking.

EHE can present with tumor-related systemic symptoms
such as fever, weight loss and fatigue. Their presence seems
to correlate with a worse quality of life (QoL) and sur-
vival.”*”"** The same symptoms can also occur during sur-
veillance.?! The presence of serosal involvement/effusion,
weight loss, fever, fatigue and tumor-related pain should be
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carefully investigated and recorded. A recent report indi-
cated no impact of pregnancy and lactation on the course of
a multifocal EHE.*?

As for hematological or biochemical markers, anemia is
the only reported negative prognostic factor.’” The prog-
nostic relevance of inflammatory and hormonal circulating
biomarkers is currently under investigation. The identifica-
tion of reliable clinical and/or biological correlates of
outcome is indeed crucial to optimize the treatment strat-
egy and design future clinical trials.

At present, many centers use sequential imaging to
assess the growth dynamic as a measure of aggressiveness
and potential hint for the further course of disease,
although the disease burden may be underestimated with
conventional imaging techniques.

GENERAL PRINCIPLES ON EHE MANAGEMENT

Due to the ultra-rare nature of EHE, patients should be
managed within sarcoma reference centers or reference
networks, by a dedicated sarcoma multidisciplinary team
including a pathologist, radiologist, surgical oncologist, or-
thopedic surgeon, radiation oncologist, medical oncologist
and palliative care specialist who are familiar with the nu-
ances of this disease”® [Ill, A]. Other specialists, such as liver
transplant (LT) experts, should be involved on an individu-
alized basis.

PATHOLOGY AND MOLECULAR BIOLOGY

EHE is a malignant vascular neoplasm, featuring an
epithelioid endothelial cell population in a distinctive myx-
ohyaline stroma, molecularly characterized by WWTRI1-
CAMTA1 (90%) or YAP1-TFE3 (10%) gene fusions™>**
(Figure 1). Rare WWTR1 translocations involving gene
partners other than CAMTAL have been reported.”” The
immunohistochemical (IHC) or molecular assessment of
WWTR1-CAMTA1 and/or YAP1-TFE3 is highly recommended
to confirm the diagnosis and rule out other mimics, like
angiosarcoma and epithelioid hemangioma [V, A]. In
particular, CAMTAL1 IHC is a good surrogate to detect
translocation, whereas TFE3 IHC is less specific and there-
fore, when suspected, molecular confirmation is suggested.
At present, none of the translocations identified in EHE is
druggable. Their identification has currently no prognostic
or predictive value, nor can it be used for treatment strat-
ification purposes.

Pathologic review is strongly recommended if the first
diagnosis was made outside a sarcoma reference center
[V, Al

Morphology

Macroscopically, the tumor size can vary from small nodules
to large masses. The cut surface is white and firm.
Morphologically, EHE is most often composed of epithelioid
cells, organized in strands, cords or solid nests, showing
glassy eosinophilic cytoplasm often with cytoplasmatic
vacuoles, set in a distinctive myxohyaline stroma, occa-
sionally associated with hemorrhagic foci. Rarely, neoplastic

https://doi.org/10.1016/j.esmoop.2021.100170 3
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Figure 1. Pathologic features of epithelioid hemangioendothelioma (EHE).

(Panel A) Hematoxylin—eosin staining in CAMTA1-rearranged EHE: epithelioid cells organized in strands and cords set in a collagenous stroma are typically observed. The
neoplastic cells contain intracytoplasmic vacuoles. (Panel B) CAMTAL immunostaining shows CAMTAL nuclear expression in tumor cells. (Panel C) Hematoxylin—eosin
staining in TFE3-rearranged EHE: tumor cells tend to show larger eosinophilic cytoplasm. (Panel D) TFE3 immunostaining shows the nuclear expression of TFE3.

CAMTA1, calmodulin binding transcription activator 1; TFE3, transcription factor E3.

cells may organize in a cribriform pattern of growth that
may mimic invasive carcinoma. Low mitotic activity and
mild nuclear atypia are generally observed. EHE associated
with YAP1-TFE3 fusion is composed of epithelioid neoplastic
cells with more copious bright eosinophilic cytoplasm, often
organized in a solid pattern of growth but featuring at least
focally unequivocal vasoformative features, usually not seen
in WWTR1-CAMTA1 EHE.**

Approximately 10% of EHE cases feature marked nuclear
atypia with prominent nucleoli, focal solid growth pattern,
foci of necrosis and higher mitotic activity (>2 mitoses/10
high power field). These features are associated with more
aggressive behavior. However, clear morphologic criteria to
distinguish EHE variants with a more or less favorable
prognosis are missing.

Immunophenotype

Immunohistochemically, EHE consistently expresses endo-
thelial differentiation markers such as CD31, ERG, CD34 and
FLI-1.®?” Focal cytokeratin immunopositivity is observed in
<30% of cases."*?® Only occasionally, the expression of
epithelial differentiation markers can be strong and diffuse.
As a consequence of both WWTR1-CAMTA1 and YAP1-TFE3
fusions, nuclear expression of CAMTA*® and TFE3,"
respectively, is consistently observed. However, TFE3
expression is less specific than CAMTALl to predict the
presence of the corresponding molecular alteration.”*?

4 https://doi.org/10.1016/j.esmoop.2021.100170

Molecular profile

Up to 90% of EHEs harbor a t(1;3)(p36.3;925) translocation,
leading to the formation of WWTR1-CAMTA1 fusion
gene,”"*° whereas a smaller subset shows an alternative
genetic aberration represented by a t(X;11)(p11;922)
translocation, leading to a YAPI-TFE3 fusion.’® Patients with
YAP1-TFE3 fused EHE tend to be younger than those with a
WWTR1-CAMTA1 fusion.>*® Other rare fusions can be
seen.””

The translocation is present irrespective of anatomical
site and clinical behavior. The WWTR1 (also call TAZ) protein
is one of two end effectors of the Hippo pathway.>* WWTR1
and YAP both exert a pro-oncogenic transcriptional func-
tion. Fusion of WWTR1 to CAMTAL1 results in dysregulation
of the Hippo pathway, such that WWTR1-CAMTAL1 resides
constitutively in the nucleus, driving oncogenic
transformation.??

Differential diagnosis and diagnostic pitfalls

The main differential diagnosis is with primary or metastatic
carcinomas. However, consistent expression of endothelial
differentiation markers is a helpful diagnostic clue.’® Pan-
cytokeratin, however, may be expressed focally in EHE,
further increasing diagnostic uncertainty.*®*° In pleural EHE,
another differential diagnosis is malignant mesothelioma.
Expression of calretinin and WT1, as well as negativity
for endothelial differentiation markers, generally allows
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accurate diagnosis. Epithelioid sarcoma (ES) may enter the
differential diagnosis. In fact, in addition to epithelioid
morphology, ES may share with EHE the expression of
vascular markers such as CD34 and, less frequently, ERG.
However, CD31 is consistently negative, and loss of nuclear
INI1 expression is almost invariably observed in ES.>®> When
EHE exhibits greater cytologic atypia and cellularity,
epithelioid angiosarcoma needs to be excluded. The pres-
ence of striking cytologic atypia, elevated mitotic count as
well as the presence of a solid or sheet-like growth pattern
is a valuable diagnostic clue. Importantly, expression of
CAMTA1 or TFE3 has never been observed in angio-
sarcoma.®* Pseudomyogenic hemangioendothelioma (PE) is
another differential diagnosis. By difference to EHE, PE
shows in most cases spindled cytomorphology, rather than
epithelioid, and lacks cytoplasmic vacuoles.®® While sharing
expression of endothelial antigens with EHE, in contrast to
EHE, pseudomyogenic hemangioendothelioma typically ex-
presses FOSB due to FOSB-related fusion and is negative for
CAMTA1 and TFE3.?°

RADIOLOGY

Baseline staging for EHE consists of whole-body imaging
including the brain, by computed tomography (CT) or
magnetic resonance imaging (MRI), or the combinations of
both modalities (e.g. chest CT and abdominal/whole-body
MRI) [V, A]. A whole-body MRI, or whole-body [28F]-fluo-
rodeoxyglucose (FDG)-PET/CT (including limbs) depending
on locally available resources, is advisable to detect bone
and limb involvement. If whole-body MRI or PET/CT are
unavailable, a bone scan is recommended to exclude bone
lesions [V, A]. As a general rule, to monitor the status of the
disease, any relevant radiological study that is positive at
baseline should be repeated while on treatment or
surveillance.

Even in the absence of prospective studies on the
radiological assessment of EHE, CT of the chest, abdomen
and pelvis is the imaging modality of choice [V, B], because
of its wide coverage and optimal assessment of pulmonary
disease.®’ Triple phase imaging of the liver is particularly
helpful for hepatic involvement.

MRI is recommended for the assessment of primary soft
tissue disease [IV, C] (Figure 2) and should be considered for
the monitoring of liver and bone involvement and response
assessments at these sites [IV, B].*3*° Where available,
whole-body MRI should be considered for detection,
monitoring and response assessment of bone disease
because of increased sensitivity and wide coverage [IV, B].

FDG uptake is usually mild-to-moderate.>”**** However,
patients with higher standardized uptake value (SUV) le-
sions seem to have significantly worse survival and higher
progression rates.*>**

Imaging features and differential diagnosis

The presence of multifocal, coalescent hepatic nodules in a
peripheral subcapsular location with capsular retrac-
. 40,4

tion>>*%*> and a target appearance at portal venous phase
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contrast-enhanced CT, should raise the possibility of EHE*®*’

(Figure 3). The target appearance may also be seen on T2-
weighted and dynamic contrast-enhanced MRI.**3%%¢ The
‘lollipop’ sign (hepatic or portal vein tapering and termina-
tion at the periphery or just within a well-defined hypo-
enhancing lesion) may also be visible.***® However, a biopsy
is required for definitive diagnosis, in particular to exclude
mass-forming peripheral intrahepatic cholangiocarcinoma.

Thoracic EHE can present with four main patterns: mul-
tiple pulmonary nodules,>*%** reticulonodular opaci-
ties,>**° diffuse pleural thickening and parenchymal
nodule/mass with pleural invasion which simulates malig-
nant pleural mesothelioma®® (Figure 4). Sometimes pul-
monary nodules may exhibit a surrounding ground glass
halo similar in morphology to pulmonary metastatic
angiosarcoma. Patients with diffuse pleural thickening and
effusion seem to have a poor prognosis.**°

When EHE involves bones, the axial skeleton and lower
limbs are the most common sites.”* Bone lesions are pre-
dominantly poorly demarcated and lytic, some with a
sclerotic rim at initial presentation.>’ Expansible mixed
density lesions are also recognized. On MRI, lesions are
hypointense on T1 and hyperintense on T2/STIR se-
quences.>”*® Hemangiomas can be distinguished from EHE
on CT as they appear as well-defined lucent lesions con-
taining high-density rounded foci which correspond to
thickened vertical trabeculae mixed with low attenuation
fat. On MRI, the majority of asymptomatic hemangiomas
also have characteristic imaging features and exhibit high
signal intensity on T1- and T2-weighted images owing to the
presence of fat. However, extraspinal hemangiomas are less
characteristic and can appear as non-specific, well-defined
osteolytic lesions without the web-like coarse trabecular
pattern.”” The poorly marginated, Iytic radiological
appearance of angiosarcoma of bone is also non-specific
and it is not possible to differentiate angiosarcoma of
bone from EHE on imaging alone.*°

Response assessment

The definition of radiological progression and the assess-
ment of treatment response are a challenge in EHE. The
occurrence of serosal effusion and of slow-growing variants
makes the use of RECIST 1.1 of limited value. Improvement
of serosal effusion, reduction in size <30% and symptom
control should be valued in the treatment response
assessment. Symptomatic deterioration may not be re-
flected by radiological changes, particularly for thoracic
disease, therefore assessment of symptoms and QoL are an
essential component of response assessment. Preliminary
data suggest that changes in SUV on FDG-PET/CT and signal/
apparent diffusion coefficient (ADC) on MRI can be of help
in response assessment.

DIAGNOSIS

Percutaneous core-needle biopsy is recommended [V, Al.
Biopsy should be carried out using 14-16-gauge needles
with preferred coaxial technique. The biopsy tract should be
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Figure 2. Primary, soft tissue epithelioid hemangioendothelioma (EHE).

Contrast-enhanced T1-weighted magnetic resonance imaging (MRI), axial view (A) and contrast-enhanced T1- Spectroscopie Dans le Proche Infrarouge (SPIR)-weighted
MRI coronal view (B), showing a classic EHE with an infiltrative growth pattern in the vastus medialis (red circle). Surgical specimen cut along the longitudinal axis
showing the macroscopic appearance of the tumor (black circle, C). Contrast-enhanced T1-SPIR-weighted MRI, axial view (D) and coronal view (E), showing a more
aggressive EHE with infiltrative growth pattern and necrosis in the anterior aspect of the proximal forearm. Surgical specimen cut along the longitudinal axis showing the
macroscopic appearance of the tumor (F). Contrast-enhanced T1-weighted MRI, axial view (G) and coronal view (H) showing a classic EHE with a nodular growth pattern
in the medial aspect of the arm arising from the brachial vessels. Surgical specimen cut along the axial axis, showing the macroscopic appearance of the tumor (I,

brachial artery is cannulated by the wire).

placed in such a way to be safely removed at the time of
definitive surgery.””

TREATMENT

Surgery

The treatment of choice for confirmed unifocal EHE (most
often located in soft tissue) is surgery [ll, A]. Resection
should be carried out in referral centers with experience in
sarcoma surgery.>>>°

The primary aim of surgery is the complete resection of
EHE with microscopic negative (RO) margins, with an ex-
pected cure rate of 70%-80%.° However, the inherent
contribution of surgery to prognosis in this group is difficult
to determine, as the tendency to progress in the individual
case cannot be (reliably) predicted. Surgery can be com-
plemented with radiation therapy (RT) when R1 excisions
occur [V, A]l. When severe morbidity is anticipated or a
macroscopic complete resection (RO/R1) is not possible,
surgery can be substituted by definitive RT, or ablative

6 https://doi.org/10.1016/j.esmoop.2021.100170

procedures, or even isolated limb perfusion (ILP), depend-
ing on local/institutional expertise/policies [V, A].

Given the possible curative impact of local treatments
and the risk of locoregional and/or systemic progression of
EHE, at this state of knowledge, a prolonged watchful
waiting policy for unifocal EHE is not suggested [V, A]. Active
surveillance should be considered only for patients who are
not surgical candidates due to the presence of comorbid-
ities or technical challenges.>>*>" [V, A].

On the contrary, active surveillance is the initial recom-
mended option in cases presenting with asymptomatic
locoregional or systemic metastases™ [V, A].

Prolonged disease stability and occasional regression
have been reported.”® Although active surveillance has
never been formally studied, it is common practice in
experienced centers to keep asymptomatic patients on
active surveillance before engaging in treatment, including

surgery.”> >3

EHE of soft tissue and bone. Extent of resection should be
carried out according to the principles of sarcoma surgery.

Volume 6 m Issue 3 m 2021


https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170
https://doi.org/10.1016/j.esmoop.2021.100170

S. Stacchiotti et al.

Figure 3. Thoracic epithelioid hemangioendothelioma (EHE).

(A) Computed tomography (CT) scan of the chest, lung window, axial view, showing solid pulmonary nodules in both lungs (red arrows). (B) CT scan of the chest, lung
window, axial view, showing multifocal areas of reticulonodular pattern in both lungs (red arrows). (C) Contrast enhanced CT scan of the chest, venous phase, soft tissue
window, axial view, showing diffuse pleural involvement (red arrow) with mediastinal shift. (D) CT scan of the chest, lung window, axial view, showing pleural thickening

(yellow arrow) and parenchymal lesions (red arrows).

For soft tissue EHE, the mass should be resected en bloc.
Resection should encompass the biopsy tract, and RO
margins should be obtained by leaving a cuff of normal
tissue all around the tumor surface, to minimize the risk of
local recurrence (LR). For bony EHE, resection should aim at
RO margins with en bloc resection of the bone of origin and
of the involved soft tissues. Surgical curettage of the bone
with adjuvant or definitive RT in recurrent or metastasized
patients, or both, can be considered if surgical resection is
not an option.>*°?

Amputation should be discouraged in patients who can
be treated with a combination of surgical procedures,
locoregional treatments and/or adjuvant RT, provided the
limb remains functional after multimodality treatment.

In angiocentric tumors, the vessel of origin should be
resected en bloc with the mass. The need for vascular
reconstruction depends on the vessel type (artery versus
vein), site and presence of collateral pathways. After venous
resection, the vein is usually reconstructed if originally
patent and in the absence of collateral pathways; other-
wise, ligation without reconstruction is acceptable. After
arterial resection, the artery is usually reconstructed. Pre-
operative RT is preferred to avoid irradiation of the vascular
graft. Musculocutaneous flaps are frequently necessary to
cover the defect and the vascular graft.

The role of surgery in metastatic EHE of bone is unknown,
but in the absence of alternative treatments, if feasible,
surgery is an option. Such decisions should be individualized
and take into consideration the pattern of tumor progres-
sion, fracture risk, site and number of lesions, expected
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morbidity, patient symptoms and availability of alternative
local therapies, such as ILP, ablation procedures and/or
RT53,57

EHE of liver. Treatment of hepatic EHE should take into
consideration the anatomical location within the liver, tu-
mor size, number of nodules, the presence of vascular in-
vasion and the presence of extrahepatic disease.

After a short period of observation to assess the bio-
logical behavior of EHE, surgical resection is considered the
treatment of choice for stable/slowly progressing unifocal
or limited locoregional disease that is technically resectable
[IV, B]. The goal is a complete resection of the tumor with
RO margins. Based on the limited literature available, he-
patic resections provide cure in at least 50% of pa-
tients.*”*°®3 However, none of the studies contained
information of the pace of disease growth before surgery.

In selected patients with unresectable hepatic EHE and
no extrahepatic disease, LT provides short- and long-term
outcomes comparable to patients with other indications.
Specifically, LT has been associated with a 5-year post-LT
survival rate in excess of 50%.°%° Similarly to the evi-
dence available for hepatic resections, none of the studies
provided information on the pace of disease before LT. It is
well known that multifocal hepatic EHE can remain stable
for many years without active treatment. On this basis, after
full disclosure about the limitations of the current literature,
LT should be proposed as a treatment modality for patients
with unresectable EHE [IV, B]. LT is also an option for pa-
tients with liver-only EHE who develop liver failure due to
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Figure 4. Hepatic epithelioid hemangioendothelioma (EHE).

(A) T2-weighted magnetic resonance imaging of the abdomen, axial view, showing hepatic lesions with a target sign (red arrow). (B) Contrast enhanced computed
tomography (CT) scan of the abdomen, portal phase, axial view, showing multiple peripheral low attenuation hepatic lesions. (C) Contrast enhanced CT scan of the
abdomen, portal phase, axial view, showing multiple peripheral low attenuation hepatic lesions and capsular retraction (red arrow).

the tumor, but who are in generally good condition, with an
expected good survival after LT.

The median survival in a study of 149 patients after LT
was 7.6 years. It is unclear, however, to which extent this is
due to the natural history of stable EHE cases or, in part, to
the impact of the complete removal of EHE by the
replacement of the liver. Risk factors for post-LT recurrence
include tumor rupture, macrovascular invasion and the
presence of hilar lymph node metastases.***°* History of
tumor rupture should be considered a major contraindica-
tion to LT.

The role of LT for unresectable locoregional EHE requires
further studies, as the current evidence is based only on
retrospective cohorts with a high risk of selection and
reporting biases. Therefore, LT is not universally supported
by all transplant centers. Nevertheless, LT should be
considered and should be proposed to patients after full
disclosure of the potential benefits and the risks associated
with it. LT should not be proposed to patients with liver EHE
and extrahepatic disease [V, A].

Future studies with a long follow-up should provide data
about the patient population from which the subgroup of
transplanted patients has been drawn.

Stereotactic body RT (SBRT), radiofrequency ablation
(RFA) and microwave ablation (MWA) are therapeutic op-
tions for patients with unifocal disease who are not surgical
candidates and for patients with recurrent liver nodules
after liver resection/LT and/or as a bridge to LT (see below)
[v, B].

EHE of the thorax. Thoracic EHEs are predominantly found
in association with liver and/or bone EHE.*® The presence of

8 https://doi.org/10.1016/j.esmoop.2021.100170

involvement is associated with a

2,5,21

pleural
prognosis.

Among four different thoracic involvement types, the
lung multinodular pattern is associated with a longer sur-
vival, whereas the shortest survival is observed in cases
with a nodule/mass with pleural involvement. There ap-
pears to be no significant difference in survival between
thoracic EHE and non-thoracic EHE."’

Surgical resection is the treatment of choice in cases with
proven unifocal disease or with reasonably limited locore-
gional metastases that are technically resectable, after a
period of observation. Procedures such as pleural stripping
and or pneumonectomy may be considered on an individ-
ualized basis, balancing the extent of disease and the ex-
pected benefit. Local ablative techniques can also be
considered when EHE involvement is isolated to the lungs
[v, B].

worse

RT

General principles. There is limited evidence evaluating the
role of RT alone in EHE, although EHE is considered rela-
tively radiosensitive. The potential role of radiation should
be based upon individualized case considerations. This will
primarily depend on the resectability of the tumor and the
risk of recurrence and/or the feasibility of further surgery in
the event of relapse.

Surgery remains the mainstay of treatment in primary
localized, resectable cases. The risk of LR following complete
surgical resection is in the range of 10%-15%.°* The role of
RT in EHE is based on the principles and management of
STS. Adjuvant RT to a total dose of 60 Gy in 30 fractions can
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be recommended in selected cases where margins are close
or positive and there is concern regarding the risk of LR [V,
A]. There are no reported cases evaluating the role of pre-
operative RT for EHE, but following basic STS principles,
preoperative RT (50 Gy in 25 fractions) for cases of pre-
dicted close or positive surgical margins is reasonable to
consider. For inoperable cases, definitive RT to a total dose
in the order of 60 Gy in conventional fractionation has been
recommended® [V, A].

Responses to RT have been described at a minimum dose
of 30 Gy in conventional fractionation.®® Depending on the
clinical presentation of multifocal or metastatic disease,
symptoms, disease burden and involved anatomical site,
appropriate radiation doses can range from 30 Gy (in con-
ventional fractions) for palliation of symptoms, to a more
radical approach in the order of 60 Gy to obtain durable
control.

EHE of bone. Post-operative RT with doses ranging from 40
to 60 Gy has been shown to offer excellent local control at 2
years in skeletal EHE.®” Albakr et al.°” summarized a series
of 32 publications describing the management of spinal
EHE. RT intent for these series ranged from adjuvant RT,
primary RT for inoperable disease and palliation. Adjuvant
dosing of 60 Gy using conventional fractionation has been
reported to provide effective disease control.®®*®° Single-
fraction high-dose intensity-modulated RT may be indi-
cated in solitary bony lesions.

EHE of liver. Local ablative techniques including SBRT, RFA
and MWA, as described below, can be considered in unre-
sectable unifocal disease or oligometastatic disease. The
most suitable ablative technique is best determined by a
multimodality team and is based on such factors as size and
anatomical location of the lesion (e.g. proximity to vessel or
bowel).

SBRT delivers very high (ablative) radiation doses over a
few fractions with high precision and using small margins. It
can be considered in suitable cases at prescribed doses as
for other STS when other treatment options are not
indicated.”®

EHE of the lung. Pulmonary EHE commonly manifests as
multifocal disease. In this case, RT is generally considered
only for palliation.®”®® SBRT can be considered in the
setting of oligometastatic disease delivering doses
employed for STS.

Other locoregional treatments

Data on locoregional treatments as an alternative to surgery
and/or RT in EHE are limited and only retrospective and do
not allow definitive conclusions on the specific role of any
of these approaches. They include percutaneous ablation,
transarterial chemoembolization (TACE), radioembolization
and ILP. No data are available on other local therapies such
as high-intensity focused ultrasound in EHE.

Retrospective data suggest that percutaneous ablation
(RFA/MWA) can be safe and useful to treat a single and
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small EHE with curative intent.”"’? Nevertheless, prospec-

tive confirmatory data are necessary to make any definitive
recommendations.

Prospective data are needed to confirm that TACE is
superior to surgical modalities in advanced disease.”® In
extrahepatic disease (lymph node, lung, bone) a trend to-
ward better survival and a lower morbidity was seen in four
patients who received TACE compared with five patients
who underwent resection or LT,”* suggesting that TACE can
be considered as a palliative option in most advanced cases.
The role of preoperative TACE as an adjunct to LT is not
established and warrants further investigation.”*’®

Data on selective internal RT (radioembolization) (SIRT)
are lacking. A single case report described significant
remission of a multifocal, diffuse, non-resectable EHE 2
months after carrying out SIRT, with a single dose of 1.8
GBq yttrium-90 (48.6 mCi).”’

EHE localized to the extremities can be treated by ILP
with tumor necrosis factor (TNF) and melphalan. However,
while there is a uniform belief of high activity of this
treatment in EHE, there are no published data reported to
confirm this.>” It remains unclear whether surgery should
be carried out to resect residual disease post ILP, or
whether patients should continue active surveillance,
delaying further treatments to the time of progression.

Systemic treatment

In patients with localized, resectable EHE there is no evi-
dence supporting the use of systemic therapies in the (neo)
adjuvant setting [V, D].

For patients with asymptomatic metastatic disease that is
not amenable to complete resection with acceptable
morbidity, active surveillance is the upfront preferred
approach [V, B]. In this scenario, the risk of over-treatment
appears to outweigh the damage of a delayed treatment
start.

Patients with serosal effusion and/or marked systemic
symptoms tend to have a rapidly progressive course,
therefore in this case, an early start of systemic therapy
should be considered [IV, B].

Patients with metastatic disease and unequivocal evi-
dence of disease progression and/or worsening of symp-
toms and/or organ dysfunction are candidates for systemic
treatment, even though a standard medical approach is
currently not established. Supplementary Table S2, available
at https://doi.org/10.1016/j.esmoop.2021.100170 summa-
rizes the data available on systemic agents in EHE, including
all reports published from 1999 to 2020 including at least
five patients. Conventional chemotherapy available for STS
appears to have very limited activity [V, D] and should be
limited to more aggressive or rapidly progressive cases,
behaving as high-grade STS.”® Participation in clinical trials
is encouraged.

Antitumor activity has been seen retrospectively with
interferon’>%° [V, C], thalidomide®* [V, C] multi-tyrosine ki-
nase inhibitors [usually with a strong vascular endothelial
growth factor receptor (VEGFR) inhibitory property]®®*®?
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[ll, B] and mechanistic target of rapamycin (mTOR) in-
hibitors*#>#%°1 [Iv, B]. Among them, the highest clinical
activity has been reported for mTOR inhibitors, with a
progression-free survival (PFS) and overall survival in the
range of 1 year and 2 years, respectively, and ~10% of
patients having even longer PFS. The panel agrees that
these represent the preferred treatment options for pa-
tients with advanced and moderately progressive disease.
No formal prospective comparison, however, has been
carried out and selection of drugs should factor in comor-
bidities as well as patient preferences.

As with other ultra-rare cancers, as far as reimbursement
is concerned, in many countries EHEs are merged with more
common sarcomas, even though most trials that led to
approval of drugs commonly used in sarcomas have never
included patients with EHE. The use of off-label drugs may
be substantially limited. We strongly advocate treatments
for EHE based on the best available clinical evidence, even
though the best evidence is limited to small trials and case
series.

EHE patients should be considered for clinical studies
when available. Based on unpublished preclinical work
suggesting the CAMTAL1 fusion leads to overexpression of
growth factors that may activate the methyl ethyl ketone
(MEK) signaling pathway, the MEK-inhibitor trametinib is
currently under investigation in the disease. In addition,
also eribulin, that is a mitotic inhibitor, is under assessment
in patients with EHE within a clinical study currently
ongoing in the US. Ongoing efforts are trying to clarify the
role of hormonal stimulation and inflammation in EHE
pathogenesis, with the aim of possibly identifying new
treatment targets.

Palliative care

Palliative care should be an integral part of the care of EHE
patients.’” Early palliative care referral can be particularly
useful for symptomatic patients and those with serosal
effusion.®® Identifying clinical and psychosocial support
needs for patients and their family caregivers as early as
possible across the changing pattern of the disease is crucial
and requires an interdisciplinary palliative care approach
and research efforts.”* Systematic symptom screening and
assessment should be formally present in clinical records
and registries.

EHE pain pathophysiology is not well understood.
Constitutional symptoms may be related to cytokine release
from the tumor, which may also be responsible for
increasing local nociceptive mechanisms and justifying
relative opioid resistance.””* This observation requires
specific research efforts.

Some aspects of palliative care for EHE can be chal-
lenging, such as predicting the response to analgesia.’”
General palliative care principles apply and criteria for
referral to specialized palliative care should be personal-
ized®*°* (Supplementary Table S3, available at https://doi.
org/10.1016/j.esmoop.2021.100170). Pain management
should follow state-of-the-art multimodal approaches, using
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nonsteroidal anti-inflammatory drugs (NSAIDs), neuropathic
pain medications such as gabapentin, when indicated”” and
opioids®* with consideration for opioid rotation in case of
tolerance or adverse effects to escalating doses [V, B].”®
Pain related to EHE can be severe, with spontaneous
flares that are difficult to treat with opioids and electively
sensitive to NSAIDs.”® Anesthesiologists’ and pain special-
ists’ expertise may be needed when interventional pro-
cedures are considered. Localized surgical and RT can be
necessary for pain management of symptomatic lesions.
New pharmacological strategies would be of great benefit.

FOLLOW-UP

There are no data to indicate the optimal length and fre-
quency for follow-up of EHE patients treated with complete
surgical resection. Currently, routine follow-up schedules
differ across institutions. An MRI of the primary tumor site
and a whole-body CT scan can be suggested every 6 months
for the first 4 to 5 years after diagnosis. Thereafter, if no
disease progression is observed, MRI and whole-body CT
scans could be done yearly [V, B].

FUTURE PROSPECTIVE

There are several unmet needs that require clinical studies
in EHE. Given the rarity of the condition, it is almost inev-
itable that these trials have to be uncontrolled. The main
challenge for uncontrolled studies is the unpredictable
behavior of EHE, characterized by stability for many years in
a significant proportion of patients. For that reason, patient
registries should be encouraged, to generate external con-
trols for uncontrolled studies. Uncontrolled studies, case
series analyses and even case reports with all the caveats
mentioned above all contribute to the available evidence.
Global collaboration will be critical to advance our knowl-
edge, including a better definition of QoL for EHE patients,
collection of prospective data and understanding the role of
LT in isolated multifocal liver EHE.
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