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Background: Hepatic epithelioid hemangioendothelioma (HEH) is a rare tumor type. No
effective medicine or standard treatment for HEH has been established.

Patients and Methods: From March 2014 to April 2021, 62 patients with pathologically
diagnosed HEH were observed regularly, and interferon-alpha 2b (IFN-a 2b) was adminis-
tered to patients with progressive disease or reoccurrence. Adverse events (AEs) were
assessed and recorded, and a tumor assessment scan was performed every 3 months.
Results: A total of 42 patients with HEH received IFN-a 2b treatment in this study. No
severe (grade >3) AEs were reported in the group overall. The most common treatment-
related AEs in patients receiving IFN-a 2b were fever (50.0%) and fatigue (21.4%). Partial
response and complete response were achieved in 20 patients (47.6%) and 2 patients (4.8%),
respectively, and the objective response rate was 52.4%. Stable disease was observed in 12
patients (28.6%), and the disease control rate was 81.0%. Progressive disease was observed
in 8 patients (19.0%). The 1-, 3-, and 5-year progression-free survival rates were 81.0%,
69.2%, and 62.3%, respectively. Only 1 patient died as a result of disease progression during
the study. The 1-, 3-, and 5-year overall survival rates were 100%, 97.2%, and 97.2%,
respectively.

Conclusion: IFN-a 2b is a safe and effective treatment for patients with HEH. The
encouraging results with IFN-a 2b use make it a promising option for patients who have
other types of epithelioid hemangioendothelioma; additional clinical trials are needed.
Keywords: liver, epithelioid hemangioendothelioma, interferon, sarcoma, chemotherapy

Introduction
Epithelioid hemangioendothelioma (EH) was initially described in 1982 by Weiss
and Enzinger;' it can involve both soft tissues and visceral organs, including the
liver, lung, spleen, and heart. Hepatic EH (HEH) is an extremely rare tumor type
(estimated incidence of less than 1 in 1,000,000 worldwide) with a clinical course
intermediately between benign hemangioma and angiosarcoma.” Surgical resection,
liver transplantation, chemotherapy, and immunotherapy have all been implemented
in patients with HEH. However, because of the scarcity of the disease and the
difficulty of including patients, prospective clinical trials are very hard to conduct.
Liver transplantation has reportedly achieved satisfying long-term survival for
patients with HEH.*” However, organ donation shortages limit the accessibility
of liver transplantation for most patients with HEH unless they are in critical
Clinical studies of surgical resection, anti-angiogenesis
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chemotherapy, or transarterial embolization (TAE) have
reported indeterminate results.®'! At present, no effective
medicine or standard treatment has been established yet
for patients with HEH.

Interferon-alpha 2b (IFN-a 2b) as an immunotherapy
has been used to treat hematological malignancies.'? IFN-
a therapy for EH has also been proposed for tumor reduc-
tion and metastasis prevention.”'*'* Since 2014, our team
has been investigating patients with HEH, and 62 patients
are under regular follow-up now. According to our pre-
vious retrospective study, IFN-a 2b showed effective
responses in patients with HEH.'> After we observed
a clinically responsive outcome, we suggested IFN-a 2b
treatment to patients with HEH progression or reoccur-
rence. This study aimed to report the clinical outcomes
after IFN-a 2b treatment in patients with HEH.

Patients and Methods

From March 2014 to April 2021, 62 patients with histolo-
gically diagnosed HEH (53 patients diagnosed by liver
biopsy and 9 patients, by surgery) were involved in the
study and were observed regularly. Our previous retro-
spective study showed a responsive effect of [FN-a 2b in
patients with HEH.'®> IFN-a 2b was suggested to patients
who experienced disease progressive disease (PD) or reoc-
currence after previous treatment, for whom no other
effective medicine was eligible. Patients who accepted
the suggestion received 3 million units of IFN-a 2b by
subcutaneous injection once every other day. Tolerability
and safety were assessed each month by interviewing
patients and monitoring the blood cell counts as well as
the liver, thyroid, and renal functions until month 6 and
then every 3 months. A tumor assessment scan, including
computed tomography (CT) and magnetic resonance ima-
ging (MRI), was performed every 3 months, and the tumor
status was assessed according to the Response Evaluation
Criteria in Solid Tumors Committee (RECIST).'®
Treatment was continued until disease progression
occurred, unacceptable toxicity developed, or patients
decided to terminate the medication. For patients who
had HEH with extrahepatic metastases, the tumor assess-
ment was based on the intrahepatic lesions. Safety assess-
ments consisted of the monitoring and recording of
adverse events (AEs) according to Common Terminology
Criteria for Adverse Events version 4.03, laboratory eva-
luations, and vital signs. Patients with HEH who did not
receive IFN-a 2b treatment were observed regularly to
record disease management and outcomes.

Informed consent forms were signed by all the patients
who accepted the IFN-a 2b treatment. The study protocol
was approved by the ethics committee of the China-Japan
Friendship Hospital, and the study was conducted in
accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice Guidelines.

Statistical Analysis

Descriptive statistics were used to summarize patient char-
acteristics. Progression-free survival (PFS) and overall
survival (OS) were estimated using the Kaplan-Meier
method. PFS was calculated from the start of IFN-a 2b
treatment to the first evidence of PD. OS was calculated
from the start of IFN-a 2b treatment to the time of death
from any cause or last follow-up. Patients who remained
alive or who were lost to follow-up had their data censored
at the last contact. All statistical analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Patients

Overall, a total of 62 patients with HEH were regularly
observed in our clinic. Ten patients chose to maintain obser-
vation without treatment, and 6 patients without reoccurrence
after surgery were observed regularly. Four patients chose
targeted therapy (2 received apatinib; 1, sorafenib; and 1,
sunitinib). Forty-two patients with HEH that progressed or
recurred received IFN-a 2b treatment, including 25 patients
with tumor progression during observation, 11 patients with
recurrence after curatively intended surgery or radiofre-
quency ablation, and 6 patients with tumor progression
after chemotherapy or TAE (Table S1). The median age of
patients who received IFN-a 2b was 36 years (range, 18—65
years), and genders were almost equally distributed (52.4%
were men and 47.6% were women). The median time
between diagnosis and initiation of IFN-a 2b treatment was
9 months (range, 2—57 months).

At baseline, all 42 patients had an Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0 and
no severe liver injury. Mild abdominal pain occurred in 9
patients, but no other symptom was recorded. Extrahepatic
metastases were detected in 23 patients, and 50% patients
had lung metastases (Table 1).

Safety of IFN-a 2b

No severe (grade >3) AEs from IFN-a 2b were recorded in
the group. The most common treatment-related AEs were
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Table | Baseline Demographic and Clinical Characteristics of

Patients with IFN-a 2b (N=42)

Table 2 Treatment-Related Adverse Events with IFN-a 2b
(N=42)

Characteristics No. (%)
Age, years

Median 36

Range 18-65
Gender

Male 22 (524)

Female 20 (47.6)
Symptoms

Abdominal pain 9 (21.4%)

None 33 (78.6%)
Number of intrahepatic lesions

Multiple 40 (95.2)

Solitary 2 (4.8)
Involved disease sites

Lung 21 (50.0)

Bone 2 (4.8)

Spleen 1 (24)

Abdomen 1 (24)

None 19 (45.2)
Inclusion reasons

Progression with no treatment 25 (59.5)

Reoccurrence after surgery or RF 11 (26.2)

Failure of previous treatment 6 (14.3)
ECOG PS

0 42 (100)

| 0(0)
Range (median) serum liver function

(ALT), UL 16-79 (24)

(AST), U/L 8-83 (25)

(ALP), U/L 25-226 (93)

(GGT), UL 7-177 (41)

(Range of TB), pmol/L 9.4-44.8 (12.7)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ECOG PS, Eastern Cooperative Oncology Group per-
formance status; GGT, gamma-glutamyl transpeptidase; IFN-a 2b, interferon-alpha
2b; RF, radiofrequency ablation; TB, total bilirubin.

fever (50.0%) and fatigue (21.4%). Fever occurred most
often after the first several shots and disappeared within 1
month. Lasting fever was not recorded. Other AEs
included leukopenia, thrombocytopenia, alopecia, rash,
decreased appetite, anemia, and hypothyroidism
(Table 2). Two patients had grade 2 hypothyroidism, and
one patient had grade 2 leukopenia and thrombocytopenia.
Thirteen patients (31.0%) had no treatment-related AEs.
No patients had treatment-related AEs that led to the

interruption of IFN-a 2b therapy.

Adverse Events No. (%)
Any Grade Grade | Grade 2

Fever 21 (50.0) 21 (50) 0
Fatigue 9 (21.4) 9 (21.4) 0
Leukopenia 2 (4.8) 1 (24) 1 (24)
Thrombopenia 2 (4.8) 1 (24) 1 (24)
Rash 2 (4.8) 2 (4.8) 0
Alopecia 2 (4.8) 2 (4.8) 0
Hypothyroidism 2 (4.8) 0 2 (4.8)
Decreased appetite 1 (2.4) 1 (24) 0
Anemia 1 (2.4) 1 (24) 0
None 13 (31.0) / /

Abbreviation: IFN-a 2b, interferon-alpha 2b.

Efficacy of IFN-a 2b

The median follow-up time after [FN-a 2b initiation was
33 months (range, 3—76 months). The median duration of
IFN-a 2b treatment was 19 months (range, 3—48 months).
In the 42 IFN-treated patients, partial response (PR) and
complete response (CR) were achieved in 20 patients
(47.6%) and 2 patients (4.8%), respectively, and the objec-
tive response rate (ORR) was 52.4% (Figures 1 and 2).
The median time from the start of IFN-a 2b to observation
of tumor regression was 10 months (range, 3—22 months).
Stable disease (SD) was observed in 12 patients (28.6%),
and the disease control rate (DCR) was 81.0%. PD was
observed in 8 patients (19.0%) (Figure S1).

Of the 34 patients with disease control, treatment of
IFN-a 2b was terminated in 21 patients (PR, n=14; CR,
n=2; SD, n=5), and all terminations except those in the 2
patients with CR were conducted in accordance with
patient decisions. IFN-a 2b treatment was continued in
13 patients (PR, n=6; SD, n=7). Of the 8 patients with
PD, targeted therapy was used in 4 patients, and the other
patients chose observation only.

PD was detected in 4 of the 21 patients who stopped
IFN-a 2b treatment; PD occurred 10, 12, 12, and 36
months after the termination of IFN-a 2b for each patient,
respectively. The 1-, 3-, and 5-year PFS rates were 81.0%,
69.2%, and 62.3%, respectively. Only one patient died as
a result of disease progression during the study. The 1-, 3-,
and S5-year OS rates were 100%, 97.2%, and 97.2%,
respectively. The flowchart and brief results of this study
were depicted in Figure 3. Detailed outcomes information
and radiological changes are provided in the Table S1 and

Figure S1.
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- 6 months Baseline 10 months 18 mon?hs

Figure | The complete response to interferon-alpha 2b (IFN-a 2b) is illustrated in a female patient who had progressive disease after treatment with transarterial
embolization (TAE). (A) Contrast-enhanced computed tomography (CT) scan reveals multiple intrahepatic lesions. (B) After TAE, intrahepatic tumors progressed (marked
with white arrows), and new lesions occurred (marked with red arrows). Then, IFN-a 2b treatment started. (C) Ten months after initiation of IFN-a 2b treatment, the size of
tumors had decreased significantly (marked with black arrows). (D) Eighteen months after initiation of IFN-a 2b treatment, the intrahepatic tumors disappeared.

- 24 months

- 12 months Baseline 15 months

Figure 2 The partial response to interferon-alpha 2b (IFN-a 2b) is illustrated in a male patient who experienced disease reoccurrence after surgery. (A) Small lesions were
found 18 months after surgery. (B) Intrahepatic lesions (marked with white arrows) progressed after 12 months of observation. (C) Intrahepatic lesions (marked with white
arrows) continued to progress after 24 months of observation, and IFN-a 2b was treatment started. (D) Fifteen months after initiation of IFN-a 2b treatment, the size of

tumors decreased (marked with black arrows).

Discussion

HEH is an extremely rare hepatic tumor with varying
biological behavior. Currently, there is no effective indi-
cator to predict the malignancy. For most patients with
HEH, the tumor progresses slowly and no severe clinical
symptoms manifest. Because of the rarity of the disease,
patients with HEH are commonly misdiagnosed as having
metastatic carcinoma. Although several studies have
reported the radiological characteristics of HEH,'” %’
a confirmed diagnosis still relies on histological
examination.

No standard treatment has been established for HEH
yet. Liver transplantation was reportedly effective, with
acceptable long-term outcomes.*”*'** However, the scar-
city of organ donation limits the accessibility of liver
transplantation for patients with HEH. Surgical resection
is another treatment option, but the long-term results have
been poor.* ** Moreover, curative surgery is implausible
for most patients with HEH because of the multicentricity
of the tumor. Studies of chemotherapy, targeted therapy, or
immunotherapy have reported indeterminate results.' %26~
33 Thalidomide as anti-angiogenic therapy has reportedly
controlled tumor progression, but a tumor response has

seldom been achieved.®**>7 Recently, a retrospective

study of 38 patients with EH showed that sirolimus was
an effective treatment, and PD was achieved in 75.7% of
patients.*® Similar results have been reported using siroli-
mus in pediatric patients with EH.>* However, the mole-
cular mechanism remains unclear.

IFN-a 2b as an immunotherapy has been used to treat
hematological malignancies.'> IFN-a therapy for EH has
also been proposed for tumor reduction and metastasis
prevention.”!*1 Kayler et al* reported that IFN-o was
used to treat a metastatic HEH after liver transplantation.
Antiproliferative activity of IFN-A, resulting from cancer
cell growth inhibition, activation of immune cells, inhibi-
tion of vascularization, and induction of cytokines, has
also been reported.'>*' Moreover, in our previous retro-
spective study, IFN-a 2b achieved an effective response in
6 patients with HEH (PR, n=4; CR, n=1; SD, n=1), which
suggests that it is a promising treatment option."
However, all the previous studies were case reports, and
no long-term results of IFN-a 2b treatment for a large
group of patients with HEH have been reported.

Since 2014, 42 patients with progressive HEH have
received IFN-a 2b treatment in this study. PR and CR were
observed in 22 patients, and the ORR was 52.4%. SD was
observed in 12 patients, and the DCR was 81.0%. To our
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Sixty-two histologically
diagnosed HEH patients were
regularly followed up

Six patients with no

Ten patients chose the
observation

occurrence after surgery

Four patients chose

v

target therapy

Forty-two histologically
diagnosed HEH patients received
the treatment of IFN- a 2b

CR PR SD PD
(n=2) (n=20) (n=12) (n=8)
(n=2) (n=14) (n=6) (n=5) (n=7) (n=4) (n=4)

Observation IFNa-2b treatment Target therapy
(n=25) continued (n=4)

(n=13) _~ |

(n=3) | | (n=1)

I

\ 4

Alive Dead

(n=41) (n=1)

Figure 3 The flowchart and brief results of this study.

Abbreviations: HEH, hepatic epithelioid hemangioendothelioma; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

knowledge, this study indicates that IFN-a 2b is the most
effective medicine reported so far for patients with HEH.
Moreover, compared with previous studies of liver trans-
plantation that reported a 5-year survival rate of 70—
83%,*” this study achieved a 5-year survival rate of
97.2% in patients with HEH. Although the median follow-
up time in this study was only 33 months, a tendency
toward better long-term survival could be speculated.
Moreover, the safety of long-term treatment with IFN-a
2b was fully verified. The median duration of IFN-a 2b

therapy was 19 months, and no severe (grade >3) AEs
were recorded. Given the risk of hypothyroidism, the
serum level of thyroxin should be monitored regularly in
IFN-treated patients. The anti-tumor mechanism of IFN-a
2b is not fully investigated or understood, but the encoura-
ging results of this study provide evidence-based support
for its use in HEH. Because EH also develops in other
organs, such as lung and bone, additional clinical studies
could be designed to verify the effect of IFN-a 2b in other
types of EH. Moreover, the combination of IFN-a 2b and
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sirolimus may be a promising treatment option for patients
with HEH, and additional clinical studies to explore this
option are needed.

In conclusion, IFN-a 2b is a safe and effective treat-
ment for patients with HEH. Because of the extreme
scarcity of the disease, a randomized clinical trial would
be unrealistic. Although this was a single-arm study, the
results still provided valuable clinical evidence for the
treatment of HEH. The encouraging results observed
with IFN-a 2b treatment makes it a promising option for
other types of EH as well and warrants additional clinical
trial investigations.

Data Sharing Statement
All the detailed information and radiological images are
provided in the Table S1 and Figure S1.
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