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Abstract. Clinical evidence regarding eribulin treatment for
patients with soft tissue sarcoma (STS) is limited to those
with L‑sarcoma (leiomyosarcoma and liposarcoma) who have
completed at least two chemotherapies. Whether histological
subtypes and treatment lines affect the efficacy and safety of
eribulin for patients with STS has yet to be elucidated. The
current study retrospectively reviewed patients with STS
receiving eribulin at the Cancer Institute Hospital of JFCR
and evaluated the prognostic factors affecting its efficacy and
safety by histological diagnoses and treatment lines. A total of
41 patients with STS, including 26 with L‑sarcoma, underwent
eribulin treatment. Additionally, a total of and 14 patients,
including 12 with L‑sarcoma, received eribulin as a second‑line
treatment. The results revealed that patients with L‑sarcoma
demonstrated longer progression‑free survival (PFS) rates
compared with patients without L‑sarcoma (4.5 vs. 2.3 months;
P= 0.005). Furthermore, differences in treatment line signifi‑
cantly affected PFS (4.5 months in second‑line treatment
vs. 2.4 months in later lines; P=0.037). A high number of
patients with L‑sarcoma received eribulin as a second‑line treat‑
ment. Regarding safety, several adverse events were reported,
such as neutropenia, which were more frequently observed in
patients with L‑sarcoma or other patients receiving eribulin as
a second‑line treatment. However, most adverse events were
tolerable. The clinical efficacy of eribulin was increased in
patients with L‑sarcoma, which was similar to previous clinical
trials. However, treatment lines could also affect its efficacy.
When evaluating the clinical value of eribulin to STS, it is
important to consider treatment lines.
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Introduction
The prognoses of patients with recurrent and/or metastatic
soft tissue sarcoma (STS) remain poor, with median survival
according to recent data limited to 14‑20 months (1). Standard
chemotherapy as a first‑line treatment for STS is generally a
doxorubicin‑based regimen in most histological subtypes,
but there are some systemic treatment options, including
eribulin, available to STS patients refractory and/or intolerant
to doxorubicin (2). The clinical evidence to date regarding
eribulin in STS patients in a phase III trial has, however, been
limited to L‑sarcoma patients, i.e., those with leiomyosarcoma
or liposarcoma, who had received at least two previous systemic
chemotherapy treatments, including anthracyclines (3). As a
result, the approval of eribulin for STS in the U.S. and Europe
has been limited to patients with specific histological subtypes
and treatment histories (4).
In Japan, eribulin has been approved for recurrent and/or
metastatic STS patients regardless of histological subtype or
treatment history, although its indication as a first‑line therapy
is not recommended. However, there is still insufficient clinical
data about whether and how much differences in histological
subtype and treatment line affect its efficacy. Differences
in the efficacy of eribulin for STS in patients with different
histological subtypes have been reported in previous phase II
trials (5,6) but, to the best of our knowledge, it has not yet been
examined in different treatment lines or with respect to the
number of previous systemic chemotherapies. The purpose of
the present study, therefore, was to evaluate certain clinical
factors that might affect the efficacy and safety of eribulin in
STS patients.
Materials and methods
Patient data. We retrospectively reviewed the clinical records
of recurrent and/or metastatic STS patients who underwent
eribulin treatment and evaluated its efficacy and safety,
analyzing prognostic factors by histological subtype and treat‑
ment line, which were defined as the number of chemotherapy
regimens in a recurrent/metastatic setting. The patients who
were diagnosed as STS by histological pathology, either
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obtained from biopsy or surgical resection were included in
the analysis, and patients who were intended to receive eribulin
but actually never received by disease progression, patients'
refusal or other reasons were excluded. This retrospective
study was approved by the Institutional Review Board of
Cancer Institute Hospital of Japanese Foundation for Cancer
Research and written informed consent was obtained from
each patient.
Statistical analysis. The patients' objective response and disease
progression were evaluated using the Response Evaluation
Criteria In Solid Tumours (RECIST), version 1.1. Adverse events
were documented based on the Common Terminology Criteria
for Adverse Events (CTCAE), version 5.0. To evaluate prognoses,
both overall survival (OS) and progression‑free survival (PFS)
were estimated by the Kaplan‑Meier method. The log‑rank test
was used to compare prognoses. The Chi‑square test was used
to compare the differences in the characteristics, chemotherapy
treatment details and adverse events. The SPSS software
ver. 25.0 was used for all statistical analyses, and P<0.05 was
considered to indicate a statistically significant difference.
Results
Patient data. A total of 41 STS patients were treated with
eribulin between March 2016 and December 2018, 26 of whom
had L‑sarcoma (12 leiomyosarcoma and 14 liposarcoma).
The histological subtypes of non‑L‑sarcoma patients were as
follows: 8 undifferentiated pleomorphic sarcoma, 2 synovial
sarcoma, 1 clear‑cell sarcoma, 1 endometrial stromal sarcoma,
1 myxoid chondrosarcoma, 1 malignant peripheral nerve sheath
tumor, and 1 solitary fibrous tumor. The characteristics of the
enrolled patients are summarized in Table I. There were no
significant differences in the patients' gender, age or primary
lesion between the L‑sarcoma and non‑L‑sarcoma groups, but
there were differences in the number of previous chemothera‑
pies: Nearly half of L‑sarcoma patients received eribulin as a
second‑line therapy, while most non‑L‑sarcoma patients had
received two or more chemotherapies in a recurrent/metastatic
setting. In L‑sarcoma patients, higher rates of liposarcoma
patients (11 of 14 patients; 78.6%) than leiomyosarcoma patients
(1 of 12; 8.3%) received eribulin as a second‑line therapy. All
patients received doxorubicin as a perioperative or earlier‑line
chemotherapy regardless of histological subtype (Table II).
History of radiation therapy was observed in 21 (51.2%) patients,
including 8 primary lesions (4 retroperitoneal/intra‑abdomen,
2 soft tissue of trunk, 1 thoracic lesion, and 1 head and neck)
and 13 metastatic lesions (7 bone metastases, 5 lung/thoracic
metastases and 1 soft tissue or trunk).
Statistical analysis. A comparison of patients' prognoses
by histological subtype is shown in Fig. 1. The median
PFS in L‑sarcoma patients was statistically longer than
in non‑L‑sarcoma patients (4.5 months vs. 2.3 months,
P=0.005; Fig. 1A), and the median OS also tended to be
longer in L‑sarcoma patients though statistical significance
was not reached (20.0 months vs. 12.5 months, P=0.065;
Fig. 1C). In L‑sarcomas, there might be differences in prog‑
noses between leiomyosarcoma and liposarcoma. The PFS
of liposarcoma patients was statistically longer than that

of leiomyosarcoma patients (8.0 vs. 2.2 months, P=0.019;
Fig. 1B), but in terms of OS, there were no significant
differences between liposarcoma and leiomyosarcoma (14.7
vs. 20.0 months, P=0.658).
A comparison of patients' prognoses by treatment line is
shown in Fig. 2. Patients receiving eribulin as a second‑line
treatment tended to have a better prognosis, though statistical
significance was observed only in the PFS of all patients.
Objective responses were observed in three liposarcoma
patients (7.3%).
History of radiation therapy did not affect the effectiveness
of eribulin; the PFS of patients with and without history of
radiation therapy were both 2.7 months (P=0.125) and the OS
were 13.8 and 14.7 months (P=0.282).
Adverse events associated with eribulin are shown in
Table III. Myelosuppresion, especially neutropenia and anemia,
was highly observed. Non‑hematological adverse events such
as gastrointestinal events such as anorexia and nausea, as well
as increased transaminase and neuropathy, were observed
in relatively high incidence, but severe non‑hematological
adverse events were rare. Regarding histological subtype,
leukocytopenia, neutropenia, thrombocytopenia, constipation
and neuropathy were observed in 20% or more of L‑sarcoma
patients; regarding treatment line, neutropenia was observed
in 20% or more of patients with second‑line treatment. No
patients terminated eribulin treatment due to adverse events,
and there were no lethal adverse events.
Discussion
Eribulin is an antitumor‑drug derived from the marine sponge
Halichondria okadai, which acts as a microtubule dynamics
inhibitor. The clinical benefit of eribulin to STS was confirmed
by phase III trial (E7389‑G00‑309) in which eribulin showed
significant OS prolongation compared to dacarbazine (3). This
phase III trial, however, was designed to enroll only patients
with L‑sarcoma who had received at least two previous
systemic chemotherapy treatments, including anthracycline.
Thus, high‑level clinical evidence regarding eribulin for STS
is limited to L‑sarcoma as a 3rd‑ or later‑line therapy.
Differences in the efficacy of eribulin by histological
subtype have been evaluated in some analyses. One phase II
trial incorporating STS patients with various STS histological
subtypes suggested that the survival benefits of eribulin
for STS was greater in L‑sarcoma patients (5), and was the
basis of the inclusion criteria for the 309 phase III trial. In
Japan, a similar tendency has been observed in both prospec‑
tive and retrospective data: The prognoses of L‑sarcoma
patients receiving eribulin tends to be longer than those of
non‑L‑sarcoma patients (6‑8). Our retrospective analysis is
also consistent with previous clinical data (2), with differ‑
ences in the PFS of leiomyosarcoma and liposarcoma patients
(Fig. 1B). In a subanalysis of the 309 phase III trial, in terms of
hazard ratio to control arm, the OS benefit of eribulin was not
relevant in leiomyosarcoma compared to liposarcoma (9,10),
and in the U.S. and Europe, leiomyosarcoma is excluded from
eribulin indications (4). The OS, PFS and response rates in
the 309 phase III trial, however, were not so change between
leiomyosarcoma and liposarcoma. The differences in PFS
between leiomyosarcoma and liposarcoma in our analysis
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Table I. Characteristics of the patients enrolled in the present study.
Characteristics

All patients, n (%)

L‑sarcoma, n (%)

Non‑L‑sarcoma, n (%)

P‑value (Two‑tailed χ2)

Sex				
Male
16 (39.0)
13 (50.0)
3 (20.0)
Female
25 (61.0)
13 (50.0)
12 (80.0)
Age, years				
Median
61
64
54
Range
23‑75
44‑74
23‑75
Age ≥60 years
24 (58.5)
17 (65.4)
‑
Primary lesion				
Extremities
10 (24.4)
5 (19.2)
5 (33.3)
Non‑extremities
31 (75.6)
21 (80.8)
10 (66.7)
Treatment history				
Surgery
36 (87.8)
23 (88.5)
13 (86.7)
Radiation
21 (51.2)
12 (46.2)
9 (60.0)
Perioperative chemotherapy
13 (31.7)
8 (30.8)
5 (33.3)
Treatment lines				
Second line
14 (34.1)
12 (46.2)
2 (13.3)
Later lines
27 (65.9)
14 (53.8)
13 (86.7)
Total
41
26
15

0.097

0.200
0.453

>0.999
0.520
>0.999
0.044

Table II. Details of the antitumor drugs used as previous chemotherapy, including preoperative treatments.

Antitumor drug
Doxorubicin
Ifosfamide
Gemcitabine
Docetaxel
Pazopanib
Trabectedin
Other
Total

All patients
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
2nd line, n (%)
Later lines, n (%)
14 (100.0)
11 (78.6)
1 (7.1)
1 (7.1)
0 (0.0)
2 (14.2)
2 (14.2)
14

L‑sarcoma patients
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
2nd line, n (%)
Later lines, n (%)

26 (96.3)
17 (63.0)
17 (63.0)
13 (48.1)
20 (74.1)
5 (18.5)
9 (33.3)
27

12 (100.0)
2 (16.7)
0 (0.0)
0 (0.0)
0 (0.0)
2 (16.7)
1 (8.3)
12

14 (100.0)
9 (64.3)
11 (78.6)
9 (64.3)
10 (71.4)
2 (14.3)
7 (50.0)
14

P‑value (Two‑tailed χ2)a
0.366
0.341
>0.999
>0.999
0.111
0.693
>0.999
‑

All patients were compared with patients with L‑sarcoma.

a

might have been influenced by another confounding factor;
one candidate is the difference in treatment line.
In the 309 phase III trial, a treatment history of two or
more chemotherapies was the indication for enrollment, and
there were no apparent differences in treatment line between
the eribulin arm and the control arm, nor between leiomyo‑
sarcoma and liposarcoma in the eribulin arm (9,10). In our
retrospective analysis, liposarcoma patients tended to receive
eribulin as a second‑line therapy at high rates, which might
have led to the differences in PFS between leiomyosarcoma
and liposarcoma patients, arising from the fact that that there
were other treatment options considered to be more effective
in leiomyosarcoma patients than in liposarcoma patients, such
as gemcitabine‑based therapy and pazopanib (11,12). In fact,

our retrospective analysis showed no changes in OS between
leiomyosarcoma and liposarcoma, which might be a result of
differences in treatment options other than eribulin.
Regarding safety, L‑sarcoma patients with or without a
second line, who showed longer PFS, tended to have had more
cumulative doses of eribulin, so some adverse events related to
cumulative exposure to eribulin, such as myelosuppression and
peripheral neuropathy, were observed in L‑sarcoma patients
and/or second‑line patients (Table III), but most of these events
were considered tolerable.
Recently, personalized therapies for STS have emerged,
and biomarkers and/or patients' factors affecting the efficacy
of eribulin have been evaluated (13,14). The histological
subtype of L‑sarcoma is now considered to be a positive
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Figure 1. (A and B) PFS and (C and D) OS of patients with soft tissue sarcoma treated with eribulin by histological subtype. PFS, progression‑free survival;
OS, overall survival; CI, confidence interval.

Figure 2. (A and B) PFS (C and D) OS of patients with soft tissue sarcoma treated with eribulin by treatment line. PFS, progression‑free survival; OS, overall
survival; CI, confidence interval.

a

All patients were compared with patients with L‑sarcoma at all grades. bSecond line patients were compared with those receiving later line therapy at all grades.

Hematologic adverse events												
Leukocytopenia
29 (70.7) 13 (31.7)
21 (80.8)
10 (38.5)
8 (53.3)
3 (20.0)
0.083
11 (78.6)
4 (28.6)
18 (66.7)
9 (33.3)
0.494
Neutropenia
31 (75.6) 24 (58.5)
22 (84.6)
18 (69.2)
9 (60.0)
6 (40.0)
0.130
13 (92.9)
10 (71.4)
18 (66.7)
14 (51.9)
0.123
Anemia
25 (61.0)
3 (7.3)
16 (61.5)
3 (11.5)
9 (60.0)
0 (0.0)
>0.999
6 (42.9)
1 (7.1)
19 (70.4)
2 (7.4)
0.105
Thrombopcytopenia
13 (31.7)
1 (2.4)
11 (42.3)
1 (3.8)
2 (13.3)
0 (0.0)
0.084
6 (42.9)
1 (7.1)
7 (25.9)
0 (0.0)
0.307
Non‑hematologic adverse												
events
Increased total bilirubin
3 (7.3)
0 (0.0)
3 (11.5)
0 (0.0)
0 (0.0)
0 (0.0)
0.287
1 (7.1)
0 (0.0)
1 (3.7)
0 (0.0)
0.265
Increased AST
25 (61.0)
0 (0.0)
13 (50.0)
0 (0.0)
9 (60.0)
0 (0.0)
>0.999
7 (50.0)
0 (0.0)
18 (66.7)
0 (0.0)
0.332
Increased ALT
19 (46.3)
0 (0.0)
11 (42.3)
0 (0.0)
8 (53.3)
0 (0.0)
0.533
7 (50.0)
0 (0.0)
12 (44.4)
0 (0.0)
0.754
Increased serum creatinine 10 (24.3)
0 (0.0)
8 (30.8)
0 (0.0)
2 (13.3)
0 (0.0)
0.277
3 (21.4)
0 (0.0)
7 (25.9)
0 (0.0)
>0.999
Elevated QTc
2 (4.8)
0 (0.0)
2 (7.7)
0 (0.0)
0 (0.0)
0 (0.0)
0.524
1 (7.1)
0 (0.0)
1 (3.7)
0 (0.0)
>0.999
Fatigue
22 (53.7)
0 (0.0)
14 (53.8)
0 (0.0)
8 (53.3)
0 (0.0)
>0.999
8 (57.1)
0 (0.0)
14 (51.9)
0 (0.0)
>0.999
Nausea
13 (31.7)
0 (0.0)
8 (30.8)
0 (0.0)
5 (33.3)
0 (0.0)
>0.999
2 (14.3)
0 (0.0)
11 (40.7)
0 (0.0)
0.156
Anorexia
15 (36.6)
0 (0.0)
11 (42.3)
0 (0.0)
4 (26.7)
0 (0.0)
0.502
5 (35.7)
0 (0.0)
10 (37.0)
0 (0.0)
>0.999
Diarrhea
4 (9.8)
0 (0.0)
4 (15.4)
0 (0.0)
0 (0.0)
0 (0.0)
0.278
1 (7.1)
0 (0.0)
3 (11.1)
0 (0.0)
>0.999
Constipation
8 (19.5)
0 (0.0)
8 (30.8)
0 (0.0)
0 (0.0)
0 (0.0)
0.018
3 (21.4)
0 (0.0)
5 (18.5)
0 (0.0)
>0.999
Neuropathy
14 (34.1)
0 (0.0)
13 (50.0)
0 (0.0)
1 (6.7)
0 (0.0)
0.006
7 (50.0)
0 (0.0)
7 (25.9)
0 (0.0)
0.170
Infection
5 (12.2)
4 (9.8)
4 (15.4)
4 (15.4)
1 (6.7)
0 (0.0)
0.434
1 (7.1)
1 (7.1)
4 (14.8)
3 (11.1)
0.227
Non‑infectious fever
8 (19.5)
0 (0.0)
4 (15.4)
0 (0.0)
4 (26.7)
0 (0.0)
0.636
1 (7.1)
0 (0.0)
7 (25.9)
0 (0.0)
0.645

Variable

Comparison by histological subtypes
Comparison by treatment line
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
All patients (n=41)
L‑sarcoma (n=26)
Non‑L‑sarcoma (n=15)
Second line (n=14)
Later lines (n=27)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ P‑value ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ P‑value
All grades, Grade 3‑4, All grades, Grade 3‑4, All grades, Grade 3‑4,
(Two‑
All grades, Grade 3‑4, All grades, Grade 3‑4,
(Two‑
n (%)
n (%)
n (%)
n (%)
n (%)
n (%)
tailed χ2)a
n (%)
n (%)
n (%)
n (%)
tailed χ2)b

Table III. Adverse events associated with eribulin in patients with soft tissue sarcoma.
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predictive factor of efficacy of eribulin, but there have been
non‑L‑sarcoma patients whose clinical data indicate a benefit
from eribulin treatment (7,8). Treatment line, however, also
affects the efficacy of eribulin and the patient's prognosis, so in
considering new predictive markers of eribulin, the possibility
of differences in treatment line should be considered.
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