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Background: Epithelioid hemangioendothelioma (EHE) is an ultra-rare vascular sarcoma, with the liver and lungs as the predominant
primary sites. To date, no standard systemic therapy has been established for advanced EHE. This study aimed to evaluate the efficacy
and safety of everolimus in patients with advanced, unresectable, and progressive EHE.

Methods: This case series retrospectively included 11 patients with advanced, progressive EHE who received systemic therapy with
everolimus at our hospital spanning a 3-year period. The clinical outcomes, including time to treatment failure (TTF), overall survival
(OS), objective response rate (ORR), disease control rate (DCR), and adverse events (AEs), were analyzed. The median follow-up
time was estimated using the reverse Kaplan—-Meier method.

Results: At the data cutoff (April 11, 2025), the median follow-up time was 21.9 months. The median TTF was 21.3 months, and
median OS was not reached at the time of analysis. All 11 cases achieved stable disease (SD); the ORR was 0% (0/11), and the DCR
was 100.0% (11/11). The most common AEs were mucositis accompanied by multiple oral ulcers (54.5%), which was limited to grade
1-2 severity. One patient (9.1%) experienced grade 3 upper gastrointestinal bleeding. Other AEs included interstitial pneumonia
(27.3%), rash (18.2%), and thrombocytopenia (18.2%). No grade 4 or 5 AEs were observed.

Conclusion: Everolimus showed preliminary activity, primarily disease stabilisation, in this small retrospective case series of patients
with advanced, unresectable, and progressive EHE. Further studies with larger cohorts are warranted to validate these findings.
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Introduction

Epithelioid hemangioendothelioma (EHE) is an extremely rare vascular soft tissue sarcoma, with a global annual
incidence of 0.038 per 100,000 and a prevalence of less than 1 per 1,000,000." The liver and lungs are the two most
common primary sites. Approximately 20-30% of patients develop metastatic disease, with a reported median overall
survival (OS) of 4.6 years and a 5-year survival rate of 78.8%.* EHE is a tumor of intermediate malignant potential,
occupying a position between completely benign hemangiomas and highly aggressive angiosarcomas.” Notably, tumor
markers for EHE are typically within normal ranges, and it is often detected incidentally. Diagnosis primarily relies on
histopathological examination and immunohistochemical staining for vascular endothelial and epithelial markers. In over
75% of hepatic EHE cases, patients present with multifocal liver lesions, while those with pulmonary EHE may exhibit
lymph node involvement and wedge-shaped infarcts.® To date, the etiology of EHE remains unclear.” Some patients may
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experience symptoms such as abdominal pain, weight loss, or ascites.® In severe cases, a massive tumor burden can lead
to liver failure, spontaneous rupture,” or metastatic complications such as pleural effusion.'®

The development of EHE is associated with recurrent genetic alterations that drive tumorigenesis. The most
characteristic alterations include the chromosomal translocations t(1;3)(p36;q25) and t(11;x)(q13;p11), which result in
the formation of the WWTR1-CAMTA1 and YAP1-TFE3 fusion proteins, respectively. These fusion proteins function
as aberrant transcription factors and are considered key oncogenic drivers in EHE."" Approximately 90% of EHE cases
harbor the WWTR1-CAMTAL1 fusion, while all angiosarcomas are negative for this marker, making it useful in
differential diagnosis.'' Only a small subset of patients (6-10%) harbor the YAP1-TFE3 fusion gene,'* with occasional
reports of other fusion variants. Given the variable clinical course of EHE, ranging from spontaneous regression to
indolent progression, an initial active surveillance strategy may be appropriate for selected patients. Treatment options
include surgical resection for localized EHE, and in cases of advanced, unresectable, or metastatic disease, various
systemic therapies, such as targeted therapies and chemotherapy, may be considered, but no standard systemic therapy
has been established for EHE.'*'*

Everolimus is an oral mammalian target of rapamycin (mTOR) inhibitor approved as an anti-cancer agent for treating
various cancers. It acts by inhibiting the mTOR pathway, which is essential for tumor cell growth, proliferation, and
survival.'>"'” Although not specifically approved for EHE, its mechanism of action and inhibitory effects on tumor
growth and angiogenesis provide a rationale for exploring everolimus as a potential treatment option for this ultra-rare
vascular soft tissue sarcoma. In our hospital, everolimus has been used as a systemic treatment for patients with
advanced, unresectable, or metastatic EHE. However, these data have not yet been systematically reported.

This study aimed to evaluate the efficacy and safety of everolimus in patients with advanced, progressive EHE, and to
provide preliminary evidence to inform future research in this setting.

Materials and Methods
Study Subjects

This single-center case series included patients from the National Cancer Center/National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College (Beijing, China). All
patients met the following eligibility criteria: histopathologically confirmed advanced, unresectable, and progressive EHE
with imaging data, treatment initiation with everolimus between July 2021 and July 2024, at least one unidimensionally
measurable lesion according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1; Eastern Cooperative
Oncology Group (ECOG) performance status <2; age>18 years; and an expected survival time of at least 3 months.

This study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice (GCP)
guidelines. All patient data were anonymized to ensure confidentiality. The study protocol was approved by the
Institutional Review Board (IRB), and the requirement for written informed consent was waived due to the retrospective
nature of the study. This study was reported in accordance with the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.

Treatment

Everolimus was initiated at a dose of 10 mg orally once daily. Treatment continued until disease progression or
unacceptable toxicity. Dose reduction to 5 mg daily and/or treatment interruptions were implemented in cases of
intolerable adverse events (AEs). If further dose adjustment was required, dosing every other day using the lowest
available tablet strength could be considered. Each treatment cycle was defined as 28 days.

Efficacy Outcomes

Tumor response was assessed every two treatment cycles according to RECIST version 1.1 and categorized as complete
response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The objective response rate
(ORR) was defined as the proportion of patients achieving CR and PR, and the disease control rate (DCR) as the
proportion achieving CR, PR, or SD.
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Time to treatment failure (TTF) was defined as the time from the initiation of everolimus therapy to the first
occurrence of any of the following events: radiological disease progression assessed according to RECIST criteria, all-
cause death, or permanent treatment discontinuation due to intolerable treatment-related toxicity. Patients who remained
on treatment without experiencing any failure event were censored at the last valid follow-up assessment. No radiological
progression was required for patients discontinuing treatment because of toxicity. Overall survival (OS) was defined as
the time from treatment initiation to death from any cause. The primary endpoint was TTF, while OS was evaluated as
a secondary endpoint.

Changes in tumor size from baseline were visualized using waterfall plots (maximum percentage change per patient)
and spider plots (longitudinal percentage change at each assessment time point). Treatment exposure and follow-up
duration for individual patients were illustrated using swimmer plots.

Safety Assessment
AEs were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE), version 5.0. Safety was evaluated based on the incidence and severity of AEs.

Statistical Analysis

Continuous variables were summarized as median with interquartile range (IQR), and categorical variables were
presented as counts and percentages. Missing data were handled by case-wise deletion, and no imputation was
performed. Due to the small sample size, no formal statistical comparisons or hypothesis testing was conducted.

Time to treatment failure (TTF) and overall survival (OS) were estimated using the Kaplan—Meier method. The
median follow-up time was calculated using the reverse Kaplan—-Meier method, which appropriately accounts for
censored observations.

Statistical analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA). GraphPad Prism
version 10.1.2 and R software (version 4.0.1) were used for data visualization.

Results

Baseline Characteristics
A total of 11 patients with advanced, unresectable, and progressive EHE treated with everolimus were included. Among
them, 7 patients received first-line therapy, 3 received second-line therapy, and 1 received third-line therapy. The study
cohort comprised 7 males and 4 females, with a median age of 34 years (IQR: 31-58).

The median tumor size was 3.6 cm (IQR: 2.9-8.7). Ki-67 was available for 9 patients, with a median value of 5%
(IQR: 5-10%). Primary tumors were predominantly located in the liver (n=9), with 2 patients presenting with pulmonary
lesions. Detailed baseline characteristics are summarized in Table 1.

Table | Characteristics of the Study Patients with Advanced EHE

Variables Total (n=11) Primary Site
Lung (n=2) Liver (n=9)
Age, year, median (IQR) 34.0 (31.0, 58.0) 44.0% 33.0 (30.5-60.5)
Ki67, median (IQR)* 5% (3%, 10%) 5%* 5% (3%, 10%)
Tumor size (cm), median (IQR) 3.6 (2.9, 87) 3.4% 3.6 (3.0, 10.0)
Gender, n (%)
Female 4 (36.4) I (50.0) 3 (333)
Male 7 (63.6) I (50.0) 6 (66.7)
(Continued)
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Table | (Continued).

Variables Total (n=11) Primary Site
Lung (n=2) Liver (n=9)

Lung metastasis, n (%)

No 3(273) 0 (0.0 3(333)

Yes 8 (72.7) 2 (100.0) 6 (66.7)
Liver metastasis, n (%)

No I (9.1) I (50.0) 0 (0.0

Yes 10 (90.9) I (50.0) 9 (100.0)
Bone metastasis, n (%)

No 9 (81.8) 2 (100.0) 7 (77.8)

Yes 2(182) 0 (0.0 2 (22.2)
Pleural metastasis, n (%)

No 10 (90.9) 2 (100.0) 8 (88.9)

Yes 19.1) 0 (0.0 I (11.1)
Splenic metastasis, n (%)

No 10 (90.9) 2 (100.0) 8 (88.9)

Yes 1 9.1) 0 (0.0 I (11.1)
Multi-cavity effusions, n (%)

No 10 (90.9) I (50.0) 9 (100.0)

Yes 19.1) I (50.0) 0 (0.0
Number of surgery, n (%)

0 9 (81.8) I (50.0) 8 (88.9)

| 2(182) I (50.0) I (11.1)
LNM, n (%)

No 9 (81.8) | (50.0) 8 (88.9)

Yes 2(182) I (50.0) I (11.1)
Lines of therapy, n (%)

First-line 7 (63.6) 0 (0.0 7 (77.8)

Second-line 3(27.3) I (50.0) 2(222)

Third-line 1 9.1) I (50.0) 0 (0.0

Notes: Data are presented as number (percentage), or median (interquartile range). *IQR is not
available since there are only 2 cases. “n=9 (Ki67 data unavailable for | primary liver tumor and |
primary lung tumor).

Abbreviations: EHE, epithelioid hemangioendothelioma; LNM, lymph node metastasis.

Efficacy Outcomes

As of the data cut-off date (April 11, 2025), 4 patients (36.4%) remained on treatment, 4 patients (36.4%) discontinued
due to intolerable toxicity and switched to alternative therapies, and 3 (27.3%) initiated next-line treatment following
disease progression. All 11 patients achieved SD, resulting in an ORR of 0% (0/11) and a DCR of 100.0% (11/11).
Treatment responses are illustrated in Figure 1.

The longest observed TTF was 37.0 months in one patient, who discontinued everolimus after experiencing adverse
events, including upper gastrointestinal bleeding.

Further short-term efficacy data and long-term prognostic outcomes are presented in Table 2, Figures 2 and 3. The
median TTF was 21.3 months (Figure 4), with a total of 7 patients defined as events (3 with radiological disease
progression, 4 with permanent treatment discontinuation due to intolerable toxicity), and the remaining 4 patients censored
at their last follow-up without any treatment failure event. The median OS was not reached at the time of analysis, with 2
patients died (events), and 9 patients censored at the last follow-up. The median follow-up duration was 21.9 months.
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Figure | Overview of treatment responses in || patients with advanced, unresectable, and progressive EHE. The cut-off date for data analysis was April 11, 2025.
Abbreviations: EHE, epithelioid hemangioendothelioma; mo, months; TTF, time to treatment failure.

AEs

Among the 11 patients, the most common AE was mucositis (54.5%), followed by interstitial pneumonitis (27.3%), rash

(18.2%), and thrombocytopenia (18.2%). Most AEs were grade 1-2 in severity. One patient (9.1%) experienced grade 3

upper gastrointestinal bleeding. No grade 4 or 5 AEs were observed. Treatment discontinuation associated with AEs

occurred in 4 patients (36.4%). Detailed safety data are presented in Table 3.

Discussions

This study retrospectively analyzed a small cohort of advanced, unresectable, and progressive EHE patients who received

systemic therapy with everolimus at our hospital. Given the rarity of EHE cases, which limits randomized controlled

Table 2 Treatment Response and Survival Outcomes by Patient Characteristics

Patient Age/ Tumor Tumor LNM Treatment Best Tumor TTF os
No. Sex Site Size Line Response Shrink (Months) (Months)
| 34/M Liver 14.1 0 2 sD? —5.5% 37.0 44.7+
2 31/F Liver 1.2 0 2 sD? —12.5% 16.5+ 16.5+
3 58/M Liver 22 0 | sD 0% 12.0 25.6+
4 33/F Liver 3 0 | sD? —22.2% 1.4 24.2+
5 31/M Liver 3.6 0 | sb? =11.1% 24.0+ 24.0+
6 30/M Liver 33 0 | sb? —12.1% 9.0+ 9.0+
7 63/F Liver 29 0 | sD? —6.9% 21.3 21.9+
8 23/M Liver 8.6 0 | SD 0% 14.8+ 14.8+
9 68/M Liver 8.7 | | SD 0% 1.0 9.2
10 51/M Lung 47 0 3 sD° +2.1% 6.0 20.3
I 37/F Lung 2 [ 2 SD 0% 4.0 21.9+

Notes: Best response per RECIST v I.1: SD? refers to stable disease with a tumor shrinkage of >0% but <30%; SD® indicates stable disease with tumor growth of >0% but
<20%; SD (stable disease) means the tumor size remains essentially unchanged, with minimal variation. Tumor shrink refers to maximum percentage reduction in tumor from
baseline; “+” in TTF column indicates ongoing treatment without progression at date cutoff (April 11, 2025), TTF included 7 events and 4 censored cases with “+”; “+” in OS
column indicates that patient is still alive as of April 11, 2025, OS included 2 events and 9 censored cases with “+”.
Abbreviations: M, male; F, female; LNM, lymph node metastasis; TTF, time to treatment failure; OS, overall survival; SD, stable disease.
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Figure 2 Changes in tumor size from baseline. (A) Waterfall plot analysis of the maximum percentage of tumor shrinkage from baseline in each patient (n=11). Bars are
ordered from left to right according to the magnitude of tumor shrinkage; (B) Spider plot analysis of the percentage change in tumor size compared to baseline at each
tumor response assessment.
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Figure 3 Swimmer plot analysis of everolimus treatment duration and follow-up duration for each patient. The horizontal bars represent individual patients, with distinct
segments indicating periods of treatment and follow-up.

trials and results in inconsistent therapeutic approaches, and a lack of approved standardized treatments for advanced
EHE,'® assessing clinical outcomes is critical for enhancing the management of this ultra-rare patient population. As of
the cutoff date (April 11, 2025), the median TTF was 21.3 months, and the median OS was not reached.

Management options for EHE include anti-angiogenic agents, radiotherapy, chemoembolization, chemotherapy,
surgical resection, and liver transplantation.'”® A retrospective study of 228 EHE patients found 1-, 3-, and 5- year
OS rates of 96.2%, 87.9%, and 84.9%, respectively, with no significant OS differences between surgical and non-surgical
treatments.”' Surgical resection does not offer a survival advantage, and the role of liver transplantation in hepatic EHE,
particularly in multifocal or infiltrative lesions, requires critical reevaluation, no prospective studies have yet defined its
utility. Future research should focus on establishing standardized treatment selection criteria, noting that liver transplan-
tation is generally not recommended for hepatic EHE with extrahepatic disease.?'~*

A study found that approximately 25% of EHE patients received no treatment during their disease course; yet, 40%
remained alive after a median follow-up of 32 months.*> The presence of metastases did not affect survival rates.”
Among 93 translocation-positive EHE patients, 83 harbored WWTR1-CAMTALI fusions, and 10 had YAPI1-TFE3
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Figure 4 Kaplan-Meier curve analysis of TTF in || patients. The median TTF was 21.3 months as of the cutoff date (April I, 2025).
Abbreviations: NR, not reached. TTF, time to treatment failure.

fusions. It was of note that 70% of WWTRI1-CAMTAII-positive EHE patients presented with distant metastases at
diagnosis, with 3- and 5-year OS rates of 70% and 59%, respectively. In contrast, 60% of YAP1-TFE3-positive patients
also had distant metastases at diagnosis but achieved higher 3- and 5-year OS rates of 88% and 86%.2* These findings
indicated that while EHE patients generally have a high 5-year OS rate, a subset exhibited markedly shortened survival
and aggressive clinical progression, underscoring the intrinsic heterogeneity in tumor biology.* LNM is a significant risk
factor for recurrence and progression of EHE, and the primary tumor site also critically influences outcomes, with
pulmonary and pleural involvement typically conferring poorer prognosis.”> However, the pulmonary subgroup consisted
of only two patients, as did the LNM positive subgroup.

Systemic therapy is critical in treating patients with unresectable, progressive EHE, or significant symptoms. For EHE
in deep soft tissues or visceral organs, chemotherapy may be preferred and active agents include platinum compounds,
paclitaxel, doxorubicin, vinorelbine, gemcitabine, etoposide, ifosfamide, dacarbazine, cyclophosphamide, vincristine,
pemetrexed, and 5-fluorouracil, with platinum-based regimens combined with paclitaxel being the most common.**

Table 3 Summary of Adverse Events in | | Patients

Adverse Event Total (n=11) | Grade | | Grade 2 | Grade 3
Gastrointestinal disorders

Mucositis with multiple oral ulcers 6 (54.5%) 4 (364%) | 2(182%) | 0
Upper gastrointestinal bleeding I (9.1%) 0 0 1 (9.1%)
Respiratory disorders

Interstitial pneumonia 3 (27.3%) 2 (18.2%) | 1 (9.1%) 0
Pulmonary infection 1 (9.1%) 0 1 (9.1%) 0

Skin disorders

Rash 2 (18.2%) 1 (9.1%) 1 (9.1%) |0
Blood disorders

Thrombocytopenia 2 (18.2%) 1 (9.1%) 1 9.1%) |0
Anemia 1 (9.1%) 1 (9.1%) |0 0
Metabolic disorders

Hyperglycemia 1 (9.1%) 1 (9.1%) 0 0
Hyperlipidemia 1 (9.1%) 1 (9.1%) 0 0
Other

Epistaxis 1 (9.1%) I (9.1%) |0

Eyelid edema with elevated serum creatinine | | (9.1%) 0 I (9.1%) 0

Note: Data are presented as number (percentage).
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Combination regimens with anti-angiogenic therapies like bevacizumab have shown improved clinical outcomes,
resulting in partial remission in some patients. Other agents such as thalidomide, lenalidomide, apatinib, and sorafenib
have also been utilized, but most evidence comes from case reports or small studies, with a lack of Phase III clinical trial
data. A retrospective analysis of 13 metastatic EHE patients treated with first-line pazopanib reported median progres-
sion-free survival (PFS) of 35.1 months and median OS of 53.8 months. Notably, patients with serous effusions/systemic
symptoms had markedly poorer survival outcomes, suggesting pazopanib as a potential alternative.'* In a Phase II trial of
trametinib for metastatic EHE, 40% of patients achieved disease stabilization for at least 6 months, with concurrent pain
improvement. Treatment discontinuations were attributed to progression, death, withdrawal, or AEs. Common toxicities
included rash, fatigue, nausea/vomiting, diarrhea, alopecia, and edema; grade >3 events such as anemia, dyspnea,
hypoxia, hypotension, syncope, and dermatitis. Responses were restricted to tumors with CAMTA1-mediated MAPK
pathway activation, highlighting the need for driver mutation screening beyond MAPK dependence.”®

A recent case series of 18 patients with advanced/progressive EHE treated with the mTOR inhibitor sirolimus showed
clinical benefit in 56% of patients, with over 24 months survival.’’ This previous study indicated that YAP/TAZ
molecular markers associated with oncogenic fusions contributed to activation of the mTOR complex, supporting
sirolimus use in EHE.?” In a cohort study, 66% of sirolimus-treated patients maintained therapy for over a year, with
16% continuing treatment beyond five years, indicating meaningful therapeutic efficacy.”® In advanced EHE patients on
a continuous daily dose of 5 mg sirolimus, all patients had disease progression prior to sirolimus treatment, and the
median PFS was 13.0 months with median OS of 18.8 months.?’ A clinical study evaluating the short-term efficacy of
sirolimus-interferon combination therapy in 29 hepatic EHE patients reported a median treatment duration of 8.0 months,
with tumor volume reduction in 79.3% of cases, ORR of 41.4%, and DCR of 86.2%.?° For advanced EHE patients with
high-risk features (eg bulky tumors, rapid progression, severe symptoms, effusions, or prior treatment failure), two
combination chemotherapy regimens (nab-paclitaxel plus bevacizumab, and nab-paclitaxel plus sirolimus) were
evaluated.®’ Results showed a PR in 5 patients (23.8%), DCR of 80.9%, symptomatic improvement in 83.3% of
symptomatic patients, and effusion reduction in 6 of 12 patients (50.0%). Survival analysis revealed 1- and 2-year
PFS rates of 50.7% and 13.5% respectively, with corresponding OS rates of 70.6% and 51.5%.”"

It is worth noting that this study provides real-world everolimus use in clinical practice and highlights the importance
of effectively managing AEs. Patient education regarding the recognition and management of treatment-related AEs may
be important in clinical practice. Supportive measures, dose reduction, or temporary discontinuation may be applied for
AEs management. We recommended that patients be educated on: (1) the risks of oral mucositis/ulceration, emphasizing
rigorous oral hygiene, dietary modifications (avoiding spicy/acidic foods), and prompt reporting symptoms, with

prophylactic dexamethasone mouthwash potentially reducing stomatitis incidence;*~>

(2) dermatologic toxicities that
require proactive skin care and early intervention; and (3) the increased infection risk due to everolimus-induced
immunosuppression, necessitating immediate reporting of any infectious symptoms, particularly new or worsening
respiratory manifestations like cough, dyspnea or fever, with prompt CT evaluation for suspected interstitial
pneumonitis.*> Concurrent lifestyle modifications, including weight reduction, physical activity, dietary adjustments,
are essential for metabolic management.**** Most AEs can be effectively controlled through supportive measures, dose
reduction, or temporary discontinuation. Comprehensive patient education on AE recognition, preventive strategies, and
timely reporting is crucial for enhancing treatment compliance, enabling early clinical intervention, maintaining
therapeutic continuity, and ultimately preserving long-term treatment benefits and quality of life.

This study has several limitations. First, the very small sample size restricts the statistical power and generalizability
of the findings. Second, the instability of subgroup estimates, especially given the highly unbalanced subgroup sizes,
hinders reliable comparative or prognostic inferences. Third, the retrospective nature prevents us from disentangling
potential confounding factors, making it difficult to establish causal relationships. Fourth, the analyses are mainly
descriptive and exploratory, and no definitive conclusions regarding efficacy or safety can be established. Finally, the
small number of events limits the precision of survival estimates, and the results should be interpreted with caution.
Despite these limitations, this study provides real-world clinical evidence for this ultra-rare disease, where large
prospective trials are challenging to conduct. Therefore, further validation through prospective, multi-center studies
with larger cohorts is warranted.

8 https: Drug Design, Development and Therapy 2026:20



Tan et al

Conclusions

In summary, the exploratory analysis in this single-center retrospective study offers preliminary evidence supporting the
potential role of everolimus as a therapeutic option for patients with advanced, unresectable, and progressive EHE. The
variability in TTF highlight the necessity of selecting patients who may benefit from this treatment. Additionally, AEs
management remains an important consideration during treatment. As such, the findings from this study may provide
insights into patient selection, requiring prospective, multi-center studies with larger cohorts for validation.
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