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A B S T R A C T

Introduction: Epithelioid Haemangioendothelioma (EHE) is an ultra-rare sarcoma characterized by WWTR1- 
CAMTA1 or YAP1-TFE3 gene fusions. Clinical behaviour ranges from indolent to aggressive. Due to its rarity, this 
study aims to describe the presentation, management, and outcomes of EHE patients in Canada.
Methods: Data was collected and entered to the Canadian Sarcoma Research and Clinical Collaboration (Can
SaRCC) database. Patients of all ages with a documented diagnosis of EHE from Nov 1993 to Jan 2024 were 
included. Patient demographics, disease characteristics and treatment details were collected using a case report 
form and summarized using descriptive statistics. Kaplan-Meier method was used to estimate overall survival and 
event free survival. Cox regression was used to estimate factors influencing survival outcomes.
Results: In total, 198 patients were included of which 94 (45.7 %) presented with metastatic disease. The diag
nosis was incidental in 61 patients (31 %). The most frequent primary sites were liver (n = 56, 28.3 %), ex
tremities (n = 31, 15.7 %) and lungs (n = 27, 13.6 %). Fusion testing was performed and positive in 43 (22 %) 
patients. At least one line of systemic therapy was used in 55 (27.8 %) patients with most common agents 
including sirolimus, pazopanib and paclitaxel. The median EFS was 5.5 years (95 % CI: 3.4–8.5), and the median 
OS was 8.6 years (95 % CI: 5.4 – 16.5). Liver transplant was performed in seven patients. In multivariate analysis, 
older age, pleural effusion, ascites, primary lung disease and metastatic disease were associated with poor sur
vival outcomes.
Conclusion: This is the largest series of EHE patients describing sequential systemic therapies. The role of systemic 
therapy in EHE in improving survival remains unclear and prospective studies with comparative arms are needed 
to add further insight into this chronic disease.
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1. Introduction

Epithelioid Haemangioendothelioma (EHE) is a vascular neoplasm 
composed of cells with an epithelioid and histiocytoid appearance with 
endothelial characteristics [1]. It is a rare tumour representing 1 % of all 
vascular tumours and has an incidence rate between 0.2 and 0.4 per 1, 
000,000 [2–5], hence, classified as an ultrarare vascular sarcoma [6]. It 
is typically diagnosed between the ages of 20 and 60 years, with peak 
incidence in the fourth to fifth decade [2, 7] and rarely occurs in chil
dren [8].

EHE has a distinctive histological feature of monomorphic epithe
lioid cells arranged in cords and nest within a myxohyaline stroma[9]. 
Approximately 90 % of cases are found to have a recurrent 
WWTR1-CAMTA1 gene fusion and the remaining smaller subset are 
characterised by a YAP1-TFE3 gene fusion, typically present in younger 
patients [10, 11], but other WWTR1 translocations involving different 
gene partners have been reported [12]. The European Society of Medical 
Oncology (ESMO) consensus paper recommends molecular testing in all 
patients to confirm pathogenic fusion and diagnosis [13]. Imaging 
characteristics of EHE are dependent on the site of disease, the ‘lollipop’ 
sign (hepatic or portal vein tapering and termination at the periphery or 
just within a well-defined hypoenhancing lesion) may be visible on MRI 
liver [14]. Whole body imaging is recommended at diagnosis to include 
brain and limbs [13].

The treatment of choice for unifocal disease is surgery in an experi
enced sarcoma centre, with the aim of an R0 resection, adjuvant 
radiotherapy can be used for R1 resections [15, 16]. This is associated 
with a cure rate of 70–80 % in the soft tissue and approximately 50 % in 
the liver [9, 17, 18]. If macroscopic complete resection is not possible, 
definitive radiotherapy can be considered [13]. Active surveillance is 
the preferred upfront treatment choice in patients with asymptomatic 
metastatic disease. Patients with serosal involvement or systemic 
symptoms are thought to have a more aggressive disease course, and 
therefore should be considered for systemic treatment [13]. At present, 
there is no universally accepted standard of care for systemic therapy in 
this disease, although the ESMO consensus paper recommends mTOR 
inhibitors as the preferred treatment option for patients with advanced 
and moderately progressive disease, acknowledging the lack of pro
spective data and associated drug reimbursement issues [13]. In the 
literature, the response rates for sirolimus are reported between 11 – 
50 %, pazopanib 0 – 20 % and paclitaxel 9 % [19–22]. A recent phase 2 
trial has demonstrated the effects of trametinib (MEK inhibitor) in pa
tients with EHE and pathogenic WWTR1-CAMTA1 fusion, which oper
ates as an oncogenic driver through activation of the MAPK pathway. It 
reported a reduction in EHE-related pain and a median PFS of over 6 
months and overall response rate (ORR) of 3.7 % [23]. Preclinical 
studies have demonstrated efficacy of TEAD inhibitors in fusion-driven 
EHE models [24]. TEADs are a transcription activation complex with 
primary key partners of YAP/TAZ (WWTR1), function in response to the 
Hippo altered-pathway, which is activated by the WWTR1-CAMTA1 
fusion [24]. However, early phase studies have yet to demonstrate 
success [25]. A Phase 1, first-in-human study of IAG993 in advanced 
malignancies, including EHE in ongoing (NCT04857372). Clinical trial 
participation for patients is encouraged, if available.

Due to the rarity of EHE there is uncertainty regarding standard 
treatment. The objectives of the project are to identify prognostic factors 
associated with overall survival, report sequential lines of systemic 
therapy and investigate outcomes in patients with EHE.

2. Methods

2.1. Data retrieval

Following research ethics board approval at the following nine in
stitutions, which are sarcoma centres in Canada: The Hospital for Sick 
Children (Toronto), Princess Margaret Cancer Centre (Toronto), Mount 

Sinai Hospital (Toronto), BC Children’s Hospital (Vancouver), BC Can
cer (British Columbia), Tom Baker Cancer Centre (Calgary), Centre 
Hospitalier Universitaire de Québec (Québec City), The Ottawa Hospital 
(Ottawa), McGill University Health Centre (Montreal), Hôpital Mai
sonneuve Rosemont (Montreal), patient data was collected and entered 
into the Canadian Sarcoma Research and Clinical Collaboration (Can
SaRCC) database. Patients of all ages with documented diagnosis of EHE 
from November 1993 to January 2024 were included. Patients’ de
mographics, disease and treatment details were collected and summa
rized using descriptive statistics.

2.2. Statistical analysis

Event free survival (EFS) and overall survival (OS) were estimated 
using the Kaplan–Meier method and compared using log-rank test. EFS 
was calculated from the date of diagnosis to the date of disease pro
gression or death as determined by the local investigator. Disease pro
gression or death from the disease was considered an event for EFS. OS 
was calculated from the date of diagnosis to the date of last follow-up 
(including death). Univariable analyses were conducted to examine 
the association of patient-, disease- and treatment-related variables with 
outcomes of EFS and OS. Cox regression was used to estimate factors 
influencing survival outcomes. For all analyses, p value < 0.05 was 
considered statistically significant. Statistics were performed using SAS 
version 9.4 and Python 3.9.7.

3. Results

3.1. Demographics and disease characteristics

A total of 198 patients with a pathological diagnosis of EHE were 
identified (Table 1). The median age was 51 years (range 9 – 86 years), 
with no gender predominance. Metastatic disease was present at diag
nosis in 94 patients (47.5 %), with 63 patients (31.8 %) having pleural 
effusions and 25 patients (12.6 %) having ascites. Molecular testing for 
fusions (WWTR1-CAMTA1, YAP1-TFE3) was performed in 54 (27.3 %) 
patients, of whom, 43 (21.7 %) were positive. Since the introduction of 
molecular testing for EHE in Canada in 2015, 48 of 99 (48.5 %) patients 
have undergone fusion product analysis. The diagnosis of EHE was 
incidental in 61 patients (30.8 %). The most frequent primary sites were 
the liver (n = 56, 28.3 %), extremities (n = 31, 15.7 %) and lungs 
(n = 27, 13.6 %).

3.2. Treatment modalities

A total of 136 (68.7 %) patients received treatment (Table 2), the 
most common of which being curative intent surgery followed by sys
temic therapy and radiotherapy. In the advanced setting, 55 patients 

Table 1 
Baseline characteristics of all patients with EHE (n = 198).

Parameters N (%)

Median age (Range) ​ 51 years (9 – 86 years)
Sex ​ ​
​ Male 99 (50 %)
​ Female 99 (50 %)
Disease Presentation ​ ​
​ Incidental 61 (30.8 %)
​ Pleural effusion 63 (31.8 %)
​ Ascites 25 (12.6 %)
​ Others 49 (24.7 %)
Family History of Cancer ​ 61 (30.8 %)
Most Frequent Primary Site ​ ​
​ Liver 56 (28.3 %)
​ Extremities (soft-tissue) 31 (15.6 %)
​ Lung 27 (13.6 %)
​ Others 84 (42.4 %)
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(27.8 %) received at least one line of systemic therapy (median number 
of lines of treatment was 3 (range 1–6)). Sirolimus, pazopanib and 
paclitaxel were the most commonly used drugs in the 1st and 2nd line, 
respectively (Table 2). Most common reason for treatment discontinu
ation was progressive disease. (Table 3). The median time on therapy for 
first line treatment is demonstrated in Table 4. Liver transplant (LT) was 
performed in seven patients of whom three are alive (two over 10 years 
post LT), three died (two died of LT related complications (one within 30 
days of transplantation, one a year later), one disease progression), and 
one is lost to follow-up.

3.3. Outcome

Median follow-up time was 4.4 years (range 0.14 – 28.5 years). The 
median EFS was 5.5 years (95 % CI: 3.4–8.5), and the median OS was 8.6 
years (95 % CI: 5.4 – 16.5)(Fig. 1).

Survival analysis was performed comparing those that received 
≥ 1lines of systemic treatment to those that did not (Fig. 2A and B). The 
median EFS for those that received systemic treatment is 1.6 years (95 % 
CI 1.07 – 3.3), compared with 9.2 years (95 %CI 5.5 – 16.7) for those 
that did not. The median OS for those that received systemic treatment is 
3.3 years (95 %CI 2 – 5.8), compared with 15 years (95 %CI 13.3 – 27.4) 
for those that did not. Overall survival for patients with serosal disease 
(ascites and/or pleural effusion) did not demonstrate a meaningful dif
ference when stratified by those that received systemic therapy (2.1 
years, 1.6–5.1) and those that did not receive systemic therapy (2.7 
years, 0.96–5.2), this was not statistically significant.

3.4. Prognostic factors

In univariate analysis for OS, the following factors were assessed: 
older age, pleural effusion, ascites, primary lung disease, systemic 
therapy (yes versus no) and metastatic disease. In multivariate analysis, 
older age, pleural effusion, ascites, primary lung disease and metastatic 
disease were associated with poorer survival outcomes (Table 5).

Not all patients with ascites or pleural effusions received systemic 
therapy (Table 6). Among those who did and did not receive chemo
therapy, 75.8 % and 65.8 % died, respectively (not statistically 
significant).

4. Discussion

This study represents the largest series of EHE patients including 
detailed systemic therapy information to date in Canada, encompassing 
a span of 31 years (1993–2024). It adds to previously published data 
from other international institutions and provides valuable insights into 
the diagnosis, management, and outcomes of this ultra-rare vascular 
sarcoma [3–5, 7, 8]. Key findings highlight the challenges surrounding 
molecular testing, underutilization of liver transplantation, poor sur
vival outcomes, and the limited efficacy of systemic therapies.

The presence of WWTR1-CAMTA1, YAP1-TFE3 or rarely other 
WWTR1 translocations confirm the diagnosis of EHE [10–12]. We note 
overall low rates of molecular testing in our cohort; however, it is 
important to note that CAMTA1 immunohistochemistry (IHC) is a good 
surrogate to detect this translocation, whereas TFE3 IHC is less specific 
and therefore, molecular testing is required if this is suspected [13]. We 
noted low molecular testing utilization, with only 27.3 % of patients 
tested. Rates improved after 2015 when fusion product determination 
was available in Canada, reaching 48.5 %. However, this still remains 
suboptimal given the critical value of these fusions. Our data highlights 
the limited awareness and diagnostic challenges involving a rare cancer 
such as EHE. This is especially true outside of specialised centres, where 
there may be limited access to testing or cost barriers which further 
contribute to low uptake. Among those patients tested, 79.6 % were 
fusion positive, this highlights the clinical implications and importance 
of confirming molecular diagnosis to allow accurate classification and 
tailored management. The lack of routine testing risks misclassification 
leading to impeded access to targeted therapies and clinical trials. This 
demonstrates the limitation of this study, given that some of those 
included in this cohort may have been incorrectly labelled as EHE, given 
the absence of molecular testing. We advocate for the increased 
awareness of necessary routine molecular testing, supported by clearer 
guidelines and funding mechanisms as these are required to improve 
diagnostic accuracy and patient care.

This study found that older age, pleural effusion, ascites, primary 
lung involvement, and metastatic disease were associated with poorer 
outcomes. This will assist with prognostication of patients going forward 
and also highlights the need for better risk stratification of this disease. 
Only 27.8 % of our cohort received at least one line of systemic therapy, 
with 12 % having received at least two lines. Sirolimus (mTOR inhibi
tor) and pazopanib being the most commonly used agents. Median OS 
for patients receiving systemic therapy was 3.3 years, compared to 15 
years for untreated patients, reflecting the aggressive nature of disease 
in those selected for treatment and possibly, the lack of treatment 
benefit in this population. This further underscores the dire need for 
new, novel and effective agents in the treatment of this rare vascular 
tumour. We were not able to determine whether systemic therapy 
meaningfully contributed to extension of survival even if started. For 

Table 2 
Summary of treatment modalities used.

Parameters N (%)

Primary Treatment Modality ​ 122 
(61.6 %)

​ Curative Surgery 61 (30.8 %)
​ Radiation Therapy 28 (14.1 %)
​ Systemic Therapy 33 (16.7 %)
First Line Treatment (Systemic 

Therapy)
​ 55 (27.8 %)

​ Sirolimus 12 (21.8 %)
​ Pazopanib 10 (18.1 %)
​ Paclitaxel 6 (10.9 %)
​ Doxorubicin 3 (5.5 %)
​ Sorafenib 2 (3.6 %)
​ Doxorubicin 

+ Olaratumab
2 (3.6 %)

​ Doxorubicin 
+ Ifosfamide

2 (3.6 %)

​ Others 18 (32.7 %)
Second Line Treatment (Systemic 

Therapy)
​ 23 (11.6 %)

​ Pazopanib 5 (21.7 %)
​ Doxorubicin 3 (13 %)
​ Sirolimus 3 (13 %)
​ Paclitaxel 2 (8.7 %)
​ Sunitinib 2 (8.7 %)
​ Others 8 (34.7 %)

Table 3 
Reasons for stopping therapy.

Stop Reason Count Percent

Progressive Disease 45 54.2 %
Physician or Patient Decision/Unknown 21 25.3 %
Toxicity 9 10.8 %
Treatment Completion 8 9.6 %

Table 4 
Median time on first line treatment.

Therapy Median (months) Range (month)

Sirolimus 5 0 – 21
Pazopanib 4 1 – 55
Paclitaxel 1.5 0 – 5
Doxorubicin 2.5 0 – 5
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example, although patients with pleural effusion or ascites were more 
likely to die, death was not influenced by receipt of systemic therapy. We 
intentionally did not collect response to therapy since institutional 
assessment of this would have been infeasible in this retrospective re
view. However, this along with the assessment of the impact of this 

chronic disease on quality of life with would be valuable in future 
studies.

The role of liver transplant (LT) in unresectable hepatic EHE and no 
extrahepatic disease is associated with a 5-year post-LT survival rate of 
over 50 % [26]. However, there are concerns in the literature regarding 

Fig. 1. Kaplan Meyer curves of EFS and OS: A – Kaplan Meier curve demonstrating 5- year EFS. B – 5-year OS. C – EFS in the total cohort. D – OS in the cohort.

Fig. 2. Kaplan Meyer curves of EFS (A) and OS (B) for patients who received systemic treatment (red) and patients that did not (blue).

Table 5 
Multivariate analysis of overall survival.

Variable HR 95 % CI p-value

Pleural Effusion 2.6 1.5 – 4.4 0.0003
Ascites 2.1 1.2 – 3.7 0.008
Primary Lung Disease 2 1.1 – 3.6 0.02
Metastatic Disease 1.9 1.2 – 3.1 0.007
Age 1.02 1.01 – 1.04 0.0005

Table 6 
Patients with ascites and effusion who received systemic therapy.

Condition Systemic therapy No Systemic Therapy Yes Total

Ascites only 5 (62.5 %) 3 (37.5 %) 8
Effusion only 28 (60.9 %) 18 (39.1 %) 46
Both 5 (29.4 %) 12 (70.6 %) 17
Neither 103 (81.1 %) 24 (18.9 %) 127
Total 141 (71.2 %) 57 (28.8 %) 198
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the impact of the pace of disease pre-LT as multifocal liver EHE can 
remain stable for many years without treatment. It is a potentially 
curative approach for unresectable hepatic EHE, and was underutilised 
in this cohort at seven patients. Our study demonstrates a decrease in LT 
performed in the recent years, despite three patients being still alive, 
with two of those over 10 years post-transplant. Concerns regarding the 
pace of disease together with the restricted access to transplant pro
grams adds further barriers that limit its utilisation. Multidisciplinary 
collaborations are required to facilitate education and development of 
clear national guidelines to facilitate timely referral and candidacy 
assessment for LT in eligible patients.

Another notable finding from our cohort is that the diagnosis was an 
incidental finding in almost one third of patients. We acknowledge the 
distress that a chronic and indolent disease such as EHE can bring to 
patients and families, as well as the arduous diagnostic journey associ
ated with ultra-rare diagnoses. However, even once found, many pa
tients are able to undergo surveillance only.

The limitations of this study includes the retrospective nature of the 
data collection and the risk of tumour misdiagnosis given the low rate of 
confirmatory molecular testing. All those with suspected EHE (except 
CAMTA1 IHC positive disease) have to undergo molecular testing to 
confirm presence of pathognomonic fusion products. Then, all patients 
with the molecular proven diagnosis should be entered into a prospec
tive database to include tissue biobanking. This would allow systematic 
data collection, accurate prognostication, analysis of treatment efficacy 
and the feasibility of clinical trials moving forward. The development of 
this database along with expanding molecular testing access and 
accelerating the development of targeted therapies, are critical next 
steps.

The Multi-pronged Canadian Research in Epithelioid Hae
mangioendothelioma (PRO_CARE EHE) study is a vital initiative which 
has allowed the advanced understanding and care of EHE through pa
tient registries, collaborative research, and access to a broad range of 
expertise spanning from laboratory bench to patient bedside. Further 
aligning Canadian efforts with PRO_CARE EHE could bridge regional 
disparities in testing and treatment which is further compounded by the 
rare nature of this ultra-rare sarcoma. This would allow researchers to 
improve data quality, and facilitate prospective studies to validate 
findings from this cohort. Emerging treatments and collaborative ini
tiatives such as the PRO_CARE EHE program offer promising avenues for 
improving patient care and advancing research. Through this pro
gramme future transatlantic collaborations are planned with European 
sarcoma centres.

In conclusion, this study is the largest series of EHE patients to date 
reporting detailed information on sequential lines of systemic therapy. 
Few patients with EHE in fact receive systemic therapy and its impact on 
survival needs further investigation. More prospective data is required 
to understand the true indications for systemic therapy in EHE and 
additional attention to the overall impact of treatment on quality of life.
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