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Objective: To evaluate the clinical efficacy of nab-paclitaxel based chemotherapy in the treatment of advanced epithelioid
hemangioendothelioma (EHE).

Methods: Since March 2022, chemotherapy has been recommended for patients with advanced EHE characterized by large tumors
(liver tumors > 10 cm or tumors in other organs > 3 cm), rapid tumor progression, severe symptoms, serosal effusion, and treatment
failure. Two chemotherapy regimens were administered: nab-paclitaxel plus bevacizumab and nab-paclitaxel plus sirolimus. Clinical
data and outcomes were retrospectively analyzed.

Results: From March 2022 to August 2024, 21 patients with histologically confirmed EHE who received nab-paclitaxel based
chemotherapy were included. At baseline, 18 patients (85.7%) presented with tumor-related symptoms, and serosal effusion was
detected in 12 patients (57.1%). Among patients with hepatic EHE, six (28.6%) had tumors > 10 cm, while six (28.6%) with EHE at
other sites had tumors > 3 cm. Partial response and stable disease were achieved in 5 (23.8%) and 12 (57.1%) patients, respectively,
resulting in a disease control rate of 80.9%. Symptom relief was observed in 15 of 18 patients (83.3%), and decreased serosal effusion
was noted in 6 of 12 patients (50.0%). The 1- and 2-year progression-free survival rates were 50.7% and 13.5%, respectively, while the
1- and 2-year overall survival rates were 70.6% and 51.5%, respectively.

Conclusion: Nab-paclitaxel based chemotherapy may offer an effective treatment option for patients with advanced EHE exhibiting
adverse prognostic factors. However, further clinical trials are required to confirm its efficacy.

Keywords: epithelioid hemangioendothelioma, EHE, chemotherapy, sarcoma, survival

Introduction
Epithelioid hemangioendothelioma (EHE) is a rare, translocation-associated vascular malignancy that can occur in various
organs, including the lung, liver, soft tissues, and bone. 13 The biological behavior of EHE exhibits significant variability, with
the tumor potentially behaving as an indolent growth in some patients, while developing into an aggressive sarcoma in
others.* ® The clinical symptoms of EHE are often dependent on the primary tumor site. In hepatic EHE, the tumor is typically
asymptomatic in its early stages and is often discovered incidentally during radiological examination. However, large
intrahepatic tumors may cause abdominal pain or ascites.”® Pulmonary EHE is similarly asymptomatic in many cases but
can lead to symptoms such as chest pain, shortness of breath, or pleural effusion, particularly in patients with pleural
metastases.’ Serosal effusion, large tumor size, and severe clinical symptoms have been identified as poor prognostic factors.
However, predicting long-term outcomes based on the disease onset remains a challenge.””'°

Although standard guidelines for localized sarcomas are applied in clinical practice, systemic agents, such as anthracycline-
based chemotherapy, have shown limited efficacy in treating EHE."'™"* Sirolimus has been utilized to control tumor growth in

EHE; however, the objective response rate (ORR) is only 11.8% (2/17)."* Our previous study demonstrated that interferon-alpha
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2b (IFN-a 2b) has clinical value in treating hepatic EHE, and the combination of sirolimus and IFN-o 2b yielded improved
clinical outcomes.'>'® However, based on our experience, EHE patients with tumors at sites other than the liver tend to exhibit
a weaker response to [FN-a 2b. For hepatic EHE patients with adverse prognostic factors, such as serosal effusion or severe pain,
neither monotherapy with IFN-a 2b nor the combination of sirolimus and IFN-a 2b produces favorable outcomes. Therefore, at
our center, nab-paclitaxel based chemotherapy has been recommended for patients with advanced EHE exhibiting rapid tumor
progression, adverse prognostic factors, or failure of other systemic treatments. A retrospective study was conducted to assess the
clinical outcomes of patients with advanced EHE who underwent nab-paclitaxel based chemotherapy.

Patients and Methods
Since March 2022, chemotherapy has been recommended as an initial treatment for patients with advanced EHE with
large tumors (liver tumor > 10 cm or tumors of other sites > 3 cm), rapid tumor progression, severe tumor-related
symptoms (such as pain, fever, and shortness of breath), or serosal effusion. The patients should be pathologically
diagnosed as EHE, while presence of WWTR1-CAMTA1 or YAP1-TFE3 translocation by fluorescence in situ hybridiza-
tion (FISH) was performed for patients with uncertain pathological results (Figures 1 and 2). Chemotherapy has also
been suggested for patients with EHE with tumor progression and failure of previous systematic treatment (sirolimus or
sirolimus plus IFN-a 2b or other systematic agents). Two chemotherapy regimens were administered at our center. The
protocol for regimen A consisted of one cycle every 21 days, included nab-paclitaxel (day 1, 130 mg/m? and day 8,
130 mg/m?) and bevacizumab (day 1, 7.5 mg/kg). The protocol for regimen B included the administration of sirolimus
(2 mg PO). qd), and nab-paclitaxel, administered every 21 days at the same dosage as the first regimen. For patients with
treatment failure with sirolimus or sirolimus plus IFN-a 2b, the first protocol is usually suggested. However, no criteria
have been established for the selection of appropriate chemotherapy regimens. Tolerability and safety were assessed
before the start of treatment through interviewing and tests of blood cell counts, plasma sirolimus levels, and liver and
renal function. Magnetic resonance imaging or computed tomography was performed every three cycles to assess the
status of tumor, according to the Response Evaluation Criteria in Solid Tumors Committee (RECIST) criteria.'’
Chemotherapy was planned to be conducted 6 cycles, unless there were scenarios such as: occurrence of severe
toxicity, tumor progression or treatment termination of patient’s decision. Safety assessments was conducted by
monitoring and recording vital signs, laboratory results and adverse events (AE). AE was assessed according to the

Figure | Hematoxylin & eosin and immunohistochemical staining of one hepatic EHE patient’s biopsy, which showed spindle-shaped tumor cells and epithelioid tumor cells
((A\), hematoxylin and eosin, x200), and positive for CD 31, CD34 and ERG ((B-D), respectively, x200). The index rate of Ki-67 was 10% ((E), x200).
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Figure 2 Positive result of fluorescence in situ hybridization on WWTRI rearrangement, which showed the detachment of red and green signals.

Common Terminology Criteria for Adverse Events, version 4.03. For patients with Eastern Cooperative Oncology Group
(ECOQG) performance status > 3 or grade 3 AEs, chemotherapy would be temporarily withheld. If patients had both good
treatment tolerability and tumor response, the treatment period of chemotherapy could be prolonged according to
individual conditions. Until August 2024, the tumor and survival status were monitored and recorded.

ORR was calculated by adding the rates of complete response (CR) and partial response (PR). Disease control rate
(DCR) was calculated by adding the rates of CR, PR and stable disease (SD) at six months. Before the start of treatment,
all the patients needed to sign consent forms for chemotherapy and clinical data collection for medical research. All EHE
patients who received nab-paclitaxel-based chemotherapy were retrospectively investigated. Patients who received
chemotherapy less than three cycles and without tumor status evaluation were excluded. The research protocol was
reviewed and approved by the ethics committee of the China-Japan Friendship Hospital (Number: 2023-KY-328) and
was conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice Guidelines.

Statistical Analysis

Categorical data were presented in the form of numbers and ratios. Continuous data were presented as mean + standard
deviation (SD). Progression-free survival (PFS) and overall survival (OS) were estimated using Kaplan-Meier method.
PFS was calculated from the start of chemotherapy to the first evidence of progression disease (PD). OS was calculated
from the start of chemotherapy to the time of death from any cause or last follow-up. Patients who remained alive or were
lost to follow-up were censored at the last contact. All statistical analyses were performed using Statistical Package for
Social Sciences (SPSS) (version 24.0, USA).

Results

Patients

Between March 2022 and August 2024, 22 patients with histologically confirmed EHE underwent chemotherapy at our center.
One patient who chose to stop treatment after two cycles of chemotherapy without evaluation of the tumor status was excluded.
Finally, 21 patients were included in this study and their clinical data and outcomes were retrospectively investigated. Twelve
(57.1%) patients had FISH tests to confirm the diagnosis of EHE and all of them had WWTRI rearrangement.

At baseline, tumor-related symptoms were recorded in 18 (85.7%) patients, and 8 (38.1%) patients had abnormalities
in the hematopoietic system. The liver (57.1%) was the most common primary site, and 18 (85.7%) patients had
metastases before the start of chemotherapy, including 14 (66.7%) patients with a single metastatic site and 4 (19.0%)
patients with multiple metastatic sites. Serous effusion was detected in 12 (57.1%) patients, including pleural effusion in
7 (33.3%) patients and ascites in 5 (23.8%) patients. The median tumor size of the largest lesion was 6.3 cm, including 6
(28.6%) hepatic EHE patients with tumors larger than 10 cm and 6 (28.6%) EHE patients with tumors larger than 3 cm.
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Table | Demographic and Clinical Characteristics of Patients

Variables No. (%) | Variables No. (%)
Gender Serous effusion
Male Il (52.4) Yes 12 (57.1)
Female 10 (47.6) No 9 (42.9)
Age (years), Mean (SD) 47.9 (14.7) | Metastatic Sites
Symptom Pleura 5(23.8)
Pain 14 (66.7) Lung 4 (19.0)
Fever 3(14.3) Bone 3 (14.3)
Chest distress 3 (14.3) Spleen 3 (14.3)
Purpura | (4.8) Liver 2 (9.5)
Abnormality in hematopoietic system Peritoneum 2 (9.5)
Anemia 8 (38.1) Mediastinum 2 (9.5)
Thrombocytopenia 3 (14.3) Brain 1 (4.8)
Leukopenia 0 (0) Treatment before chemotherapy
Size of largest lesion (cm), Mean (SD) 6.6 (3.7) Sirolimus + IFN-a 2b 4 (19.0)
Primary Site Sirolimus 4 (19.0)
Liver 12 (57.1) Surgery | (4.8)
Lung 7 (33.3) Anlotinib | (4.8)
Mediastinum | (4.8) None Il (52.4)
Bone | (4.8)
FISH Tests 12 (57.1)
WWTRI rearrangement 12 (57.1)
YAP| rearrangement 0 (0)

The median time between diagnosis and the initiation of chemotherapy was 4 months (range, 1-103 months). Eleven
patients (52.4%) were not treated prior to chemotherapy. The baseline demographic characteristics of the patients are

summarized in Table 1.

Responses and AEs

Fourteen (66.7%) patients received regimen A and 7 (33.3%) patients received regimen B. The median number of
chemotherapy cycles was six (range, 3—9 cycles). PR and SD were achieved in five (23.8%) and 12 (57.1%) patients,
respectively, and the DCR was 80.9%. For patients with PR, 3 (3/14, 21.4%) patients received regimen A and 2 (2/7,
28.6%) patients received regimen B (Figure 3). One patient with PR received anlotinib before chemotherapy, which
failed to control tumor growth. The other 4 patients with PR received chemotherapy as primary treatment. Among the
patients with tumor-related symptoms, 15 (15/18, 83.3%) experienced symptom relief (Figure 4). In patients with serous
effusion, a decrease in effusion was detected in 6 (6/12, 50.0%) patients (Figure 5). PD was detected in four (19.0%)

Baseline After 3 cycles After 6 cycles

Figure 3 A 62 years old female patient with hepatic EHE who received chemotherapy of nab-paclitaxel plus sirolimus. (A) CT image before the start of chemotherapy. Liver
was occupied by multiple lesions (marked with arrows). (B) CT image after 3 cycles of chemotherapy. Intrahepatic tumors regressed obviously (marked with arrows). (C)
CT image after 6 cycles of chemotherapy. Intrahepatic tumors further regressed and many tumors disappeared (marked with arrows).
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Diagnosis Baseline After 6 cycles

Figure 4 A 54 years old male patient with mediastinum EHE who received chemotherapy of nab-paclitaxel plus bevacizumab. (A) CT image at the time of diagnosis. A tumor
in mediastinum could be detected (marked with arrow). (B) CT image after treatment of anlotinib. The tumors progressed (marked with arrow) and severe pain occurred.
Then, chemotherapy was started. (C) CT image after 6 cycles of chemotherapy. The tumors regressed obviously (marked with arrow) and the pain was relieved.

Baseline After 3 cycles After 6 cycles

Figure 5 A 61 years old female patient with lung EHE who received chemotherapy of nab-paclitaxel plus bevacizumab. (A) CT image before the start of chemotherapy.
Tumor in the lung (marked with red arrow) and obvious pleural effusion (marked with yellow arrow) could be detected. (B) CT image after 3 cycles of chemotherapy. Both
lung tumor (marked with red arrow) and pleural effusion (marked with yellow arrow) regressed obviously. (C) CT image after 6 cycles of chemotherapy. Lung tumor
(marked with red arrow) and pleural effusion (marked with yellow arrow) maintained the status as previous examination.

patients, and no further treatment was provided. For patients with regimen B, the median plasma level of sirolimus was
6.8 ng/mL (range, 4.21-11.32 ng/mL).

AEs were recorded in 13 (61.9%) patients, and severe AEs (grade>3) were recorded in three (14.3%) patients. The
most common AEs was leukopenia (61.9%). Five patients (23.8%) experienced a delay in chemotherapy due to AEs. The
detailed AE results of AEs were summarized in Table 2.

Survival Outcomes

Eight (8/17, 47.1%) patients with SD or PR experienced tumor progression after termination of chemotherapy. Four
patients received anlotinib, and four patients received no other treatment. The 1-year and 2-years PFS rate were 50.7%
and 13.5%, respectively (Figure 6A). The median PFS was 18 months (95% confidence intervals: 6.6-29.4 months).
During the study period, eight patients died due to tumor progression. The 1-year and 2-years OS rate were 70.6% and
51.5%, respectively (Figure 6B). The median OS was 27 months (95% confidence intervals: 14.2—39.8 months). Detailed
demographic and clinical information of each patient is provided in Supplementary File 1.

Table 2 Treatment-Related Adverse Events

Adverse Events No. (%)

Any Grade | Grade | | Grade Il | Grade Il
Leukopenia 13 (61.9) 3 (14.3) 8 (38.1) 2 (9.5)
Thrombopenia 2 (9.5) 0 (0) 1 (4.8) 1 (4.8)
Fatigue 2 (9.5) 1 (4.8) 1 (4.8) 0 (0)
Decreased appetite 2 (9.5) 1 (4.8) |1 (4.8) 0 (0)
None 8 (38.1) / / /
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Figure 6 (A) Kaplan—Meier curve showing progression-free survival of all EHE patients. (B) Kaplan—Meier curve showing overall survival of all EHE patients.

Discussion

EHE is a rare vascular malignant tumor that originates from endothelial cells and can develop in various organs, including the
liver, lung, bone, and soft tissues.'® Its reported incidence is less than 1 per million, with a slightly higher prevalence in
women.'? Radiological imaging plays a crucial role in diagnosing EHE, which typically presents as a solid nodule with
occasional calcifications.?’ However, a definitive diagnosis requires histological confirmation. Pathologically, the tumor is
usually composed of epithelioid, dendritic, and intermediate cells embedded in a fibromyxoid stroma.>' The detection of
WWTRI-CAMTAI or YAP1-TFE3 gene fusions may serve as valuable molecular diagnostic markers.”*> According to the
World Health Organization (WHO) classification, EHE is categorized as a malignant vascular tumor, resembling angiosar-
coma but generally with a more favorable prognosis.”’

The biological behavior of EHE is typically indolent in most patients, with a reported S-year survival rate of
70-80%.%** However, long-term survival is closely linked to the tumor’s primary site. EHE in the lungs, particularly
when associated with pleural metastases, is known to have a poor prognosis.”® Several adverse prognostic factors for
EHE have been identified, including older age, larger tumor size, tumor-related symptoms, serosal effusion, and
anemia.”***” Tumors greater than 10 cm in size in hepatic EHE and those greater than 3 cm in size in EHE at other
sites are associated with poorer outcomes.”**** Our recent report on the long-term prognosis of hepatic EHE identified
both age >60 years and tumor size >10 cm as significant poor prognostic factors.”” These adverse factors were considered
as reference indices for chemotherapy selection in the present study.

For patients with localized EHE, radical resection should be considered, provided it is technically feasible. However,
our previous studies have shown that surgical resection is often not possible for most hepatic EHE patients due to the
presence of multiple metastases, and recurrence is commonly observed post-surgery.®*° Liver transplantation has been
reported as an effective treatment for hepatic EHE, with favorable long-term survival outcomes.’' However, metastases
in the early stages of the disease often hinder the feasibility of liver transplantation for most patients with hepatic EHE.
As a result, systemic therapy is typically recommended for patients with tumor progression or tumor-related symptoms.
Unfortunately, none of the currently used agents for sarcoma treatment demonstrate significant clinical efficacy in EHE.

Sirolimus, an mTOR inhibitor, has been reported to be effective in treating EHE. Stacchiotti et al documented the
results of 18 patients with progressive EHE treated with sirolimus, reporting one PR and 12 instances of SD, with
a median PFS of 12 months.'* A separate retrospective study involving pediatric EHE patients also demonstrated the
activity of sirolimus, with four PRs observed among six patients.** Since 2021, sirolimus has been used in our center to
treat EHE, both as monotherapy and in combination with IFN-a 2b. One of our previous studies indicated that hepatic
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EHE patients treated with IFN-o 2b monotherapy achieved favorable long-term survival.'> It was speculated that IFN-a
exerts immunomodulatory effects through the activation of both innate and adaptive immunity, although the precise
mechanism remains unclear.®® Furthermore, the combination of sirolimus and IFN-a 2b exhibited synergistic effects in
the treatment of hepatic EHE.'® However, based on our clinical experience, neither monotherapy with sirolimus nor the
combination with IFN-a 2b effectively controls tumor progression in advanced EHE patients with adverse prognostic
factors, such as large tumor size, tumor-related symptoms, and serosal effusion. As a result, chemotherapy is recom-
mended for this subgroup of patients with EHE.

Various cytotoxic treatments have been explored for metastatic EHE. Tumor regression was observed with doxorubicin alone,
while the combination of epirubicin and dacarbazine showed no significant effect.>*** Recent studies indicate that paclitaxel
induces cell death through chromosome missegregation on multipolar spindles, making it a key chemotherapy option for
vasogenic malignancies.*® Additionally, the combination of paclitaxel and targeted drugs has demonstrated favorable efficacy
in the treatment of sarcoma.’” Compared to docetaxel and paclitaxel, nab-paclitaxel—a newer taxane chemotherapeutic agent—
has several clinical advantages and promising efficacy in treating subtypes of sarcoma, including epithelioid sarcoma and
angiosarcoma.”’

Several other agents have also been explored for treating EHE, such as sorafenib, bevacizumab, and trametinib.**°
A Phase 2 study of sorafenib found that 13.3% (2/15) of EHE patients achieved PR.>*® Another phase 2 study of
bevacizumab in patients with advanced angiosarcoma and EHE reported a 28.6% (2/7) PR in EHE patients, though the
small sample size and lack of disease severity data limit the interpretation of these findings.”® Nevertheless, this study
provided valuable evidence for further investigation of bevacizumab in EHE treatment. Trametinib, a MEK inhibitor, was
also evaluated in a phase 2 trial for EHE, but its ORR was only 3.7%, suggesting that monotherapy with these agents
may have limited effectiveness for EHE.*

Survival outcomes for EHE patients with adverse prognostic factors are typically poor, and no effective therapy has been
reported for this subgroup.'® In our previous report on long-term outcomes in hepatic EHE, including 26 patients receiving
chemotherapy, only a few were treated with nab-paclitaxel as the primary therapy.”® This study aimed to assess the
effectiveness of nab-paclitaxel based chemotherapy in patients with advanced EHE and adverse prognostic factors. At
baseline, 85.7% of patients presented with tumor-related symptoms, 57.1% had serous effusion, and 57.1% had large tumor
sizes, all indicating disease severity. After nab-paclitaxel based chemotherapy, 23.8% of patients achieved a PR, and the DCR
was 80.9%. The median PFS was 18 months, which is an improvement compared to previous studies.'*"'****° In patients
treated with regimen B, the plasma levels of sirolimus were similar to those in our prior report, suggesting that nab-paclitaxel
does not significantly impact the metabolism of sirolimus.'® Thus, nab-paclitaxel-based chemotherapy is a promising
treatment for advanced EHE patients with adverse prognostic factors.

This study has several notable limitations. First, the sample size was small. However, EHE is a rare and typically
indolent tumor, making it difficult to recruit patients with advanced EHE and adverse prognostic factors. Second, the use
of two nab-paclitaxel based chemotherapy regimens in this study may have introduced ambiguity in the results, and the
absence of a comparison between nab-paclitaxel monotherapy and its combination with bevacizumab or sirolimus is
another limitation. Given the retrospective nature of the analysis, it is unclear whether combination therapy offers any
advantage over single-agent nab-paclitaxel. Additionally, many pathologists confirm EHE diagnosis via detection of
WWTRI1-CAMTALI or YAP1-TFE3 translocations through FISH. Not all patients in this study underwent FISH testing,
which may impact the interpretation and broader applicability of the results.

In conclusion, nab-paclitaxel based chemotherapy shows promise as an effective treatment for advanced EHE.
Although this was a single-arm retrospective study, the findings provide valuable clinical evidence for treating patients
with advanced EHE and adverse prognostic factors. The encouraging results of nab-paclitaxel based chemotherapy
position it as a promising option. However, further studies are needed to determine whether the observed treatment
effects are primarily due to nab-paclitaxel or the result of its combination with sirolimus or bevacizumab.

Data Sharing Statement

The original contributions of this study are included in the article and Supplementary File 1. Further inquiries can be

directed to the corresponding author.
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