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Purpose: Approval of eribulin for metastatic breast cancer was based on data primarily from Western
patients, and there is a paucity of data on the effectiveness and safety of eribulin for Asian patients. To
determine the effectiveness and safety of eribulin in Korean women with breast cancer in a real-world
setting, we conducted a nationwide, multicenter, retrospective study.
Methods: Patients with locally advanced or metastatic breast cancer who were treated with eribulin in
14 centers throughout Korea were included in this study. Eribulin was generally administered at a dose of
1.23 mg/m2 (equivalent to 1.4 mg/m2 eribulin mesylate) by intravenous infusion for 2e5 min, or as a
diluted solution, on Days 1 and 8 of every 21-day cycle. The primary endpoint was progression-free
survival (PFS) rate at 6 months. Secondary endpoints included median PFS, overall survival (OS), timeto-treatment failure (TTF), tumor response rate, and incidence of hematologic treatment-emergent
adverse events (TEAEs).
Results: The safety and full analysis populations included 398 and 360 (38 had no efﬁcacy data) patients,
respectively. The PFS rate at 6 months was 37.8%. Median PFS, OS, and TTF were 134, 631, and 120 days,
respectively. Objective response rate, clinical beneﬁt rate, and disease control rate were 18.1%, 50.6%, and
49.4%, respectively. Hematologic TEAEs were reported in 65.1% of patients; neutropenia (56.8%) and
anemia (11.3%) were most common.
Conclusion: Real-world effectiveness and safety of eribulin in Korean breast cancer patients were
consistent with previous reports; no new safety concerns were identiﬁed.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
* Corresponding author. Gangnam Severance Hospital, Yonsei University College
of Medicine, 211 Eonju-ro, Gangnam-gu, Seoul, 06273, South Korea.
E-mail address: gsjjoon@yuhs.ac (J. Jeong).

Breast cancer is the most commonly diagnosed cancer and a
leading cause of death among females worldwide; there were an
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a multicenter, open-label, randomized phase III trial, which evaluated eribulin versus vinorelbine in 530 Chinese patients with
locally recurrent or metastatic breast cancer previously treated
with chemotherapy regimens, including an anthracycline and a
taxane, eribulin demonstrated a statistically signiﬁcant extension
in PFS (primary endpoint) over vinorelbine according to independent imaging review (hazard ratio: 0.80; 95% conﬁdence interval
[CI]: 0.65e0.98; p ¼ 0.036) [17].
While these studies were the basis of approval for eribulin, they
consisted primarily of Western patients and the only clinical study
data of Asian patients were from Japanese metastatic breast cancer
patients and, more recently, one study (304 study) in Chinese patients [13e21]. To address the shortage of data from Asian patients,
a phase IV clinical study, ESKIMO, was conducted in Korean patients
[22]. This study focused on the safety of eribulin treatment, with
the primary endpoint being frequency and intensity of treatmentemergent AEs (TEAEs); neutropenia was the most common TEAE
[22]. Other studies have also shown that neutropenia is a common
hematologic AE associated with eribulin use [13,15,19]. Overall,
while the safety data and disease control rates from ESKIMO show
that eribulin is generally safe and well-tolerated in Korean patients
[22], there is still a paucity of efﬁcacy data. Furthermore, the incidence of neutropenia in clinical practice needs further study; it may
be associated with ethnicity as higher rates are reported for Asian
patients [19]. This retrospective study (REMARK) was therefore
conducted to assess the effectiveness and safety of eribulin in
Korean breast cancer patients in a real-world clinical setting.

List of abbreviations
AE
CBR
CR
DCR
ER
FAS
HER2
ORR
OS
PD
PFS
PgR
PR
SAF
SD
TEAE
TTF

adverse event
clinical beneﬁt rate
complete response
disease control rate
estrogen receptor
full analysis set
human epidermal growth factor receptor 2
objective response rate
overall survival
progressive disease
progression-free survival
progesterone receptor
partial response
safety analysis set
stable disease
treatment-emergent adverse event
time-to-treatment failure

estimated 2.1 million newly diagnosed cases of female breast
cancer in 2018 [1]. It is the second most common cancer in Korean
women, with 2456 deaths reported in 2016 [2]. Breast cancer rates
have been on the rise in past decades, particularly in areas that have
historically lower incidences, such as Asia [3]. Since 1999, there has
been a trend of increased incidence of breast cancer in Korea [2].
The current 5-year survival rate for patients presenting with metastatic breast cancer is 26% [4].
Eribulin mesylate (hereafter referred to as eribulin) is a unique
non-taxane inhibitor of microtubule growth that disrupts mitotic
spindle formation, induces an irreversible blockade of mitosis, and
leads to cancer cell death by apoptosis [5e10]. It has been shown to
be both efﬁcacious and tolerable as a monotherapy in patients with
advanced and metastatic breast cancer, improving overall survival
(OS) and progression-free survival (PFS) compared with the treating physicians’ choice of therapy or capecitabine (in certain patient
populations) in phase III clinical studies [11]. These results were
further conﬁrmed in a retrospective study of patients who did not
meet clinical study eligibility requirements [12].
Based on the ﬁndings of two phase III studies, EMBRACE [13]
and 301 [14], eribulin was approved in many countries, including
Korea, for the treatment of advanced or metastatic breast cancer in
patients who have been previously treated with at least two lines of
chemotherapy, including an anthracycline and a taxane [15,16].
Eribulin was also recently approved in China for the treatment of
locally advanced or metastatic breast cancer, based on the results of
the 304 study [17].
In the EMBRACE study, eribulin treatment signiﬁcantly
improved PFS and OS compared with the treating physicians’
choice of therapy; of note, fatigue and neutropenia were the most
commonly reported adverse events (AEs) in the eribulin-treated
group [13]. The 301 study showed a non-signiﬁcant trend towards improvement in OS for patients treated with eribulin
compared with capecitabine, and PFS was similar between the two
groups [14]. However, exploratory subgroup analysis showed an
overall survival beneﬁt with eribulin treatment in patients with
human epidermal growth factor receptor 2 (HER2)-negative, estrogen receptor (ER)-negative, and triple-negative disease (ER,
progesterone receptor [PgR], and HER2 negative) [15,18]. Pooled
analysis of EMBRACE and 301 demonstrated a signiﬁcant
improvement in OS among patients with HER2-negative and triplenegative disease treated with eribulin [11]. In the recent 304 study,

2. Patients and methods
2.1. Patients
Patients were included in the study if they had conﬁrmed locally
advanced or metastatic breast cancer and had been treated with
eribulin between June 1, 2014 and December 31, 2016. There were
no exclusion criteria. Prior to eribulin administration, all patients
were assumed to have been assessed for peripheral neuropathy and
tested for a complete blood cell count, as indicated in the label
dosing instructions, to check their eligibility for chemotherapy.
2.2. Study design and treatment
This was a retrospective, nationwide, multicenter study conducted across 14 centers throughout Korea between June 1, 2014
and December 31, 2016. Study participants were those who
routinely visited the hospital and were prescribed eribulin by their
treating physician. The data for this study were obtained by
reviewing the past medical records of participating patients. Safety
and effectiveness outcomes from patient medical records were
collected irrespective of the patient’s age, sex, or length of time of
eribulin treatment. Data related to treatment patterns were also
collected.
In general, eribulin was administered at a clinically recommended dose of 1.23 mg/m2 (equivalent to 1.4 mg/m2 eribulin
mesylate) by intravenous infusion for 2e5 min, or as a diluted solution, on Days 1 and 8 of every 21-day cycle. Dose reductions and
delays were acceptable at the treating physician’s discretion.
This study was conducted in accordance with the principles
outlined in the Declaration of Helsinki, the guidelines of the International Conference on Harmonisation of Pharmaceuticals for
Human Use, and the Good Clinical Practice guidelines. The study
protocol was reviewed and approved by the institutional review
board at each participating center. Because this was a retrospective
rather than an interventional study, written informed consent was
not required unless speciﬁcally requested by an institutional review
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board or regulatory authority. This study was registered on
ClinicalTrials.gov (NCT03437083).

Table 1
Baseline characteristics (safety analysis set).
Total, N ¼ 398

2.3. Effectiveness and safety

Age (years), mean ± SD
53.0 ± 9.8
Weight (kg), mean ± SD
57.6 ± 10.3
ER/PgR status
ER and/or PgR positive
202 (50.8)
ER and PgR negative
137 (34.4)
HER2 negative
235 (59.0)
HER2 positive
104 (26.1)
Triple negativea
83 (20.9)
Unknown
59 (14.8)
Most common metastatic sitesb
Bone
206 (51.8)
Lung
200 (50.3)
Liver
142 (35.7)
Lymph node
199 (50.0)
Brain
48 (12.1)
Other
71 (17.8)
None
12 (3.0)
No. of prior chemotherapy regimens
1
10 (2.5)
2
58 (14.6)
3
114 (28.6)
4
105 (26.4)
5
67 (16.8)
6
44 (11.1)
No. of prior chemotherapy regimens for advanced disease
1
51 (12.8)
2
169 (42.5)
3
98 (24.6)
4
44 (11.1)
5
16 (4.0)
6
20 (5.0)
Prior anthracycline therapy
393 (98.7)
Prior taxane therapy
394 (99.0)

The primary effectiveness endpoint was PFS rate at 6 months.
Secondary effectiveness endpoints were median PFS, OS, time-totreatment failure (TTF), tumor response rate, and safety. Effectiveness according to the line of treatment (early [2nd line] vs late
[3rd line]) and receptor status as measured by PFS rate at 6
months, median PFS, OS, TTF, and tumor response rate was also
examined.
The safety endpoint was the incidence of hematologic TEAEs.
TEAE grading was based on the description provided in the clinical
progress notes and the National Cancer Institute Common Terminology for Adverse Events version 4.0 [23]. Adverse drug reactions
were classiﬁed by System Organ Class and Preferred Term according to MedDRA® version 21.0. Medical Dictionary for Regulatory
Activities terminology is the international medical terminology
developed under the auspices of the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use.
2.4. Statistical analysis
There was no planned sample size as this was a retrospective
study. However, the number of breast cancer patients treated with
eribulin in Korea between June 1, 2014 and December 31, 2016 was
estimated to be approximately 350 based on the internal records of
Eisai Korea Inc. (data not shown). The full analysis set (FAS)
comprised patients with conﬁrmed locally advanced or metastatic
breast cancer who received at least one dose of eribulin and had at
least one efﬁcacy evaluation. The safety analysis set (SAF)
comprised patients with conﬁrmed locally advanced or metastatic
breast cancer who received at least one dose of eribulin and had at
least one safety evaluation.
Effectiveness and safety data were evaluated using descriptive
statistics; demographic and clinical characteristics were summarized using mean, median, or ratio. Categorical variables were
assessed using Chi-square or Fisher’s exact test; continuous variables were assessed using t-test or Wilcoxon rank-sum test. PFS, OS,
and TTF were assessed using the KaplaneMeier method and logrank tests. All statistical analyses were performed using SAS software (version 9.4, SAS Institute, Cary, NC).

Data are n (%) unless stated otherwise.
ER, estrogen receptor; HER2, human epidermal growth factor receptor-2;
PgR, progesterone receptor; SD, standard deviation.
a
ER, PgR, and HER2 negative.
b
Patients were included in more than one category if applicable.

The treatment pattern of eribulin in the real-world clinical
setting is shown in Table 2. The FAS had a mean (standard deviation, range) of 6.6 (4.9, 1e34) treatment cycles, a mean (standard
deviation) relative dose intensity of 86.7% (13.8), and 53 (14.8%)
patients had a dose reduction. The mean (standard deviation)
duration of treatment was 139.0 (108.3) days and the median
duration of response was 149 days (95% CI: 95.0, 194.0). The reasons
for dose change, dose delay, and dose discontinuation were
conﬁrmed for 359 patients and included (n, %): AEs meeting dose
reduction/delay criteria (126, 35.1%), AEs not meeting dose reduction/delay criteria (74, 20.6%), progressive disease (PD) (296, 82.5%),
and other reason (177, 49.3%).

31. Results
3.1. Patients and treatment
Medical records data from 398 female patients were collected
and included in the SAF. Of these, 360 patients were included in the
FAS; the remaining 38 patients were excluded because they did not
have effectiveness data.
The baseline characteristics of patients in the SAF are shown in
Table 1. The mean age ± standard deviation was 53.0 ± 9.8 years,
the median (range) number of previous chemotherapy regimens
for advanced breast cancer was 2 (0e11), and median (range)
number of cycles of eribulin administered was 5 (1e34). The mean
tumor size at the initial breast cancer diagnosis was 3.7 ± 2.6 cm,
the mean number of nodes was 5.3 ± 7.2, and 21.0% (81/385) of
patients had metastatic disease on presentation. Including patients
with unknown receptor status, 50.8% (202/398) were either ER and/
or PgR positive, 34.4% (137/398) were ER and PgR negative, 26.1%
(104/398) were HER2 positive, and 20.9% (83/398) were triple
negative.

3.2. Efﬁcacy and safety
The primary effectiveness endpoint of the PFS rate at 6 months
was 37.8% (136/360) (Table 3). When stratiﬁed by early (2nd line)
and late (3rd line) use of eribulin, the PFS rates at 6 months were
53.1% (26/49, 95% CI: 38.3, 67.5) and 35.4% (110/311, 95% CI: 30.1,
41.0), respectively. This difference was statistically signiﬁcant
(P ¼ 0.0176) (Supplementary ﬁle 1: Supplementary Table 1). PD was
reported for 60.3% (217/360) of patients at 6 months, and 1.9% (7/
360) of patients had died (Table 3).
KaplaneMeier plots of PFS, OS, and TTF are shown in Fig. 1aec.
Median PFS, OS, and TTF were 134 (approximately 4.5 months, 95%
CI: 119, 148), 631 (approximately 21 months, 95% CI: 571, 761), and
120 days (approximately 4 months, 95% CI: 98, 133), respectively
(Table 3). Best overall response (n [%]) results showed that 3 (0.8) of
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who were triple negative showed the best response (48.7%, 36/74),
followed by those with HRþ and HER2 status (42.6%, 20/47) and
HER2þ status (40.85, 40/98) (Supplementary ﬁle 1: Supplementary
Table 2).
Hematologic TEAEs were reported in 65.1% (259/398) of patients
in the SAF and are summarized in Table 4. Of these, neutropenia
(56.8%) and anemia (11.3%) were the most frequently reported
TEAEs.

Table 2
Real-world treatment patterns (full analysis set).
N ¼ 360

Treatment pattern

Relative dose intensity (%), mean (SD)
86.7 (13.8)
Dose reduction
53 (14.8)
Treatment cycles, mean (SD, range)
6.6 (4.9, 1e34)
Duration of treatment (days), mean (SD)
139.0 (108.3)
Median duration of response (days [95% CI])
149 (95.0, 194.0)
Reason for dose change, delay, or discontinuation (n ¼ 359)
AEs meeting dose reduction/delay criteria
126 (35.1)
AEs not meeting dose reduction/delay criteria
74 (20.6)
Progressive disease
296 (82.5)
Other
177 (49.3)

4. Discussion
Findings from this study showed the effectiveness of eribulin
treatment in Korean patients with advanced or metastatic breast
cancer in a real-world clinical setting. Additionally, the real-world
safety proﬁle of eribulin was in line with the known safety proﬁle
and no new safety concerns were identiﬁed.
Overall, the results of our study are comparable with those
previously reported. Median PFS (134 days, approximately 4.5
months) was comparable with that reported for previous clinical
studies (range: approximately 3e5.1 months) [15,16,20,24,25]. We
also report a slightly longer median OS (631 days, approximately 21
months) than previous studies (range: 8.8e15.9 months)
[15,16,20,24,25]. In a recent retrospective real-world study of data
from 16,703 patents with metastatic breast cancer receiving eribulin as 2nd-to 4th-line therapy, OS in the 3rd- and 4th-line cohorts
was signiﬁcantly improved with eribulin compared with other
chemotherapy (11.27 vs 7.65 months, p ¼ 0.0001 [3rd line]; 10.91 vs
5.95 months, p < 0.0001 [4th line]) [26]. Interestingly, no signiﬁcant
difference was reported for 2nd-line eribulin treatment compared
with other chemotherapy; in the present study, there was no signiﬁcant difference in effectiveness of eribulin between early (2nd
line) and late (3rd line) eribulin treatment groups with respect to
OS.
As patient characteristics are difﬁcult to control in the realworld clinical setting, some differences in results may be expected. The TTF of 120 days (approximately 4 months) in our study
was comparable with that reported in studies of eribulin treatment
in East Asian populations (Taiwan: 3.9 months; Japan: 127 days
[approximately 4 months]) [21,27]. Best overall responses were
similar among our study (CR, 0.8%; PR, 17.2%; SD, 31.4%; PD, 50.6%)
and the studies conducted in Taiwan (CR, 1.8%; PR, 18.8%; SD, 46.3%;
PD, 33.0%) and Japan (Watanabe et al.: CR, 1.3%; PR, 15.2%; SD,
33.5%; PD, 49.2%; Tanaka et al.: CR, 3.4%; PR, 20.7%; SD, 27.6%; PD,
48.3%) [20,21,27].
The overall safety proﬁle reported in the present study is similar
to what is already known for eribulin treatment in patients with
advanced or metastatic breast cancer [13,14,22]. The most common
hematological AE was neutropenia (56.8%), followed by anemia and
leukopenia (11.3% and 9.8%, respectively), all of which have been
previously reported at either similar or higher occurrence rates
[13,14,22]. Neutropenia is strongly associated with eribulin use
[14,15].
This study had several limitations. First, as this was a retrospective study, there are several inherent biases that cannot be
controlled compared with a randomized clinical study. Additionally, we were not able to strictly control the baseline characteristics
of the patients, which may have contributed to variations in
effectiveness outcomes between this study and other retrospective
studies. Secondly, we intended to assess the effectiveness of eribulin treatment according to tumor subtype (receptor status and
molecular subtype); however, we were not able to interpret the
data because of the high percentage (18.0%) of tumors with an
unknown subtype. Finally, no control was set as a clinical factor so
there was no guaranteed control of confounding effects; therefore,
the current results should be interpreted carefully.

Data are shown as n (%) unless otherwise stated.
AE, adverse event; CI, conﬁdence interval; SD, standard deviation.

Table 3
Primary and secondary effectiveness endpoints (full analysis set).
Endpoint
Primary endpoint, n (%)
Progression-free survival rate at 6 months
Progressive disease
Death
Secondary endpoints
Progression-free survival, days (median)
Overall survival, days (median)
Time-to-treatment failure, days (median)
Best overall response, n (%)
Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Objective response ratea, n (%)
Clinical beneﬁt rate (n ¼ 182)b, n (%)
Disease control ratec, n (%)

N ¼ 360

95% CI

136 (37.8)
217 (60.3)
7 (1.9)
134
631
120

119, 148
571, 761
98, 133

3 (0.8)
62 (17.2)
113 (31.4)
182 (50.6)
0 (0.0)
65 (18.1)
92 (50.6)
178 (49.4)

14.2, 22.4
43.1, 58.0
44.2, 54.7

CI, conﬁdence interval.
a
Complete response þ partial response.
b
Complete response þ partial response þ stable disease for at least 6 months. The
number of evaluable patients was 182, which was used as a denominator to
calculate the clinical beneﬁt rate.
c
Complete response þ partial response þ stable disease.

the 360 patients had complete response (CR), 62 (17.2) had partial
response (PR), 113 (31.4) had stable disease (SD), and 182 (50.6) had
PD (Table 3). The objective response rate (ORR), clinical beneﬁt rate
(CBR), and disease control rate (DCR) were 18.1% (65/360; 95% CI,
14.2, 22.4), 50.6% (92/182; 95% CI, 43.1, 58.0), and 49.4% (178/360;
95% CI, 44.2, 54.7), respectively (Table 3).
Signiﬁcant differences were observed for TTF and ORR
(P ¼ 0.0236 and P ¼ 0.0395, respectively) between the early (2nd
line, n ¼ 49) and late (3rd line, n ¼ 311) eribulin treatment groups
in the FAS; however, the groups showed no signiﬁcant differences
in PFS, OS, best overall response, CBR, or DCR (Supplementary ﬁle 1:
Supplementary Table 1, Supplementary Fig. 1aec). When categorized by the receptor status, patients who were hormone receptor
(HR)þ and HER2 had the longest (days [95% CI]) median PFS (169
[148, 198]), OS (881 [593, 949]), and TTF (156 [123, 176]) compared
with those who were HER2þ (107 [79, 145], 705 [568, 1152], and 92
[76, 134], respectively) or triple negative (121 [79, 134], 485 [285,
672], and 110 [71, 123], respectively) (Supplementary ﬁle 1:
Supplementary Table 2, Supplementary Fig. 2aec). Patients with
HRþ and HER2 receptor status also showed the best PFS rate at 6
months (48.9%, 67/137), ORR (25.6%, 35/137), and CBR (56.6%, 47/
83) compared with those who were HER2þ (34.7% [34/98], 13.3%
[13/98], and 43.5% [20/46], respectively) or triple negative (25.7%
[19/74], 13.5% [10/74], and 41.4% [12/29], respectively) (Supplementary ﬁle 1: Supplementary Table 2). However, for DCR, patients
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M.H. Park, S.J. Lee, W.C. Noh et al.

The Breast 54 (2020) 121e126

Fig. 1. KaplaneMeier plots are shown for a) progression-free survival, b) overall survival c) time-to-treatment failure; full analysis set. CI, conﬁdence interval; OS, overall survival;
PD, progressive disease; PFS, progression-free survival; TTF, time-to-treatment failure.

concerns were identiﬁed. Regarding further work, larger retrospective studies in Korean patients may be warranted to determine
possible relationships between the effectiveness of eribulin and
tumor subtype.

Table 4
Summary of adverse events (safety analysis set).
Type of adverse event

N ¼ 398, n (%)
[events]

Treatment-emergent adverse events

259 (65.1)
[1275]
256 (64.3)
[1238]
42 (10.6) [114]
41 (10.3) [110]
248 (62.3)

Adverse drug reaction (related to study drug)

Ethics approval and consent to participate
The study protocol was approved by the institutional review
board at each participating center and the study was conducted in
accordance with the Declaration of Helsinki. This was a retrospective study, therefore written informed consent was not required.

Serious adverse event
Serious adverse drug reaction
Incidence of hematologic treatment-emergent adverse
events, blood, and lymphatic system disorders
Neutropenia
226 (56.8)
Anemia
45 (11.3)
Leukopenia
39 (9.8)
Thrombocytopenia
15 (3.8)
Febrile neutropenia
7 (1.8)
Lymphopenia
7 (1.8)
Incidence of hematologic serious adverse events, blood, and 36 (9.1)
lymphatic system disorders
Neutropenia
31 (7.8)
Febrile neutropenia
4 (1.0)
Anemia
2 (0.5)
Leukopenia
2 (0.5)
Lymphopenia
2 (0.5)
Thrombocytopenia
2 (0.5)

Consent for publication
Not applicable.
Data availability
The authors declare that all data supporting the ﬁndings of this
study are available within the article or from the corresponding
author on reasonable request.
Funding

Treatment-emergent adverse events and serious adverse events were coded according to the system organ class and preferred terms of MedDRA® version 21.0.

This study was sponsored by Eisai Korea Inc. The sponsor had a
role in the study design; in the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication.

The results of this study add to the previously published efﬁcacy
and safety data in patients with metastatic breast cancer regardless
of treatment line and provide much needed efﬁcacy and safety data
for Korean patients. Overall, this retrospective study of Korean
patients with advanced or metastatic breast cancer treated with
eribulin demonstrated effectiveness and safety results from the
real-world clinical setting that are consistent with that reported in
previous studies of eribulin in Asian patients and no new safety

Authors’ contributions
All authors contributed equally to this work, including the
experimental design, data collection, data analyses, and manuscript
writing and review.
125

M.H. Park, S.J. Lee, W.C. Noh et al.

The Breast 54 (2020) 121e126

Declaration of competing interest

819. https://doi.org/10.1186/s12885-017-3846-8.
[13] Cortes J, O’Shaughnessy J, Loesch D, Blum JL, Vahdat LT, Petrakova K, Chollet P,
ras V, Delozier T, Vladimirov V, Cardoso F, Koh H, Bougnoux P,
Manikas A, Die
Dutcus CE, Seegobin S, Mir D, Meneses N, Wanders J, Twelves C. EMBRACE
(Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice versus
E7389) investigators. Eribulin monotherapy versus treatment of physician’s
choice in patients with metastatic breast cancer (EMBRACE): a phase 3 openlabel randomized study. Lancet 2011;377:914e23. https://doi.org/10.1016/
S0140-6736(11)60070-6.
[14] Kaufman PS, Awada A, Twelves C, Yelle L, Perez EA, Velikova G, Olivo MS, He Y,
Dutcus CE, Cortes J. Phase III open-label randomized study of eribulin mesylate versus capecitabine in patients with locally advanced or metastatic breast
cancer previously treated with an anthracycline and a taxane. J Clin Oncol
2015;33:594e601. https://doi.org/10.1200/JCO.2013.52.4892.
[15] Doherty MK, Morris PG. Eribulin for the treatment of metastatic breast cancer:
an update on its safety and efﬁcacy. Int J Womens Health 2015;7:47e58.
https://doi.org/10.2147/IJWH.S74462.
[16] Orditura M, Gravina A, Riccardi F, Diana A, Mocerino C, Leopaldi L, Fabozzi A,
Giordano G, Nettuno R, Incoronato P, Barzelloni ML, Caputo R, Pisano A,
Grimaldi G, Genua G, Montesarchio V, Barbato E, Iodice G, Leito E, Procaccini E,
Mabilia R, Febbraro A, De Laurentiis M, Ciardiello F. Eribulin for metastatic
breast cancer (MBC) treatment: a retrospective multicenter study based in
Campania, south Italy (Eri-001 trial). ESMO Open 2017;2:e000176. https://
doi.org/10.1136/esmoopen-2017-000176.
[17] Yuan P, Hu X, Sun T, Li W, Zhang Q, Cui S, Cheng Y, Ouyang Q, Wang X, Chen Z,
Hiraiwa M. Eribulin mesilate versus vinorelbine in women with locally
recurrent or metastatic breast cancer: a randomised clinical trial. Eur J Canc
2019;112:57e65.
[18] Twelves C, Awada A, Cortes J, Yelle L, Velikova G, Olivo MS, et al. Subgroup
analyses from a phase 3, open-label, randomized study of eribulin mesylate
versus capecitabine in pretreated patients with advanced or metastatic breast
cancer. Breast Cancer (Auckl) 2016;10:77e84.
[19] Ro J, Cheng FT, Sriuranpong V, Villalon A, Smruti BK, Tsang J, Yap YS. Asian
Working Group for Eribulin Clinical Guide. Patient management with eribulin
in metastatic breast cancer: a clinical practice guide. J Breast Cancer 2016;19:
8e17. https://doi.org/10.4048/jbc.2016.19.1.8.
[20] Tanaka T, Ueno M, Nakashima Y, Chinen S, Sato E, Masaki M, Mogi A, Sasaki H,
Tamura K, Takamatsu Y. Retrospective analysis of the efﬁcacy and safety of
eribulin therapy for metastatic breast cancer in daily practice. Thorac Cancer
2017;8:523e9. https://doi.org/10.1111/1759-7714.12482.
[21] Watanabe J, Ito Y, Ohsumi S, Mizutani M, Tashiro H, Sakurai K, Takahashi M,
Saito T, Tsurutani J, Mukai H, Yoshinami T, Takao S, Yamamoto Y, Matsuoka T,
Iwase H, Iwata H, Nakamura S, Saeki T. Safety and effectiveness of eribulin in
Japanese patients with locally advanced or metastatic breast cancer: a postmarketing observational study. Invest N Drugs 2017;35:791e9. https://
doi.org/10.1007/s10637-017-0486-4.
[22] Park YH, Kim TY, Im YH, Lee KS, Park IH, Sohn J, Lee SH, Im SA, Kim JH, Kim SH,
Lee SJ, Koh SJ, Lee KH, Choi YJ, Cho EK, Lee S, Kang SY, Seo JH, Kim SB, Jung KH.
Feasibility and efﬁcacy of eribulin mesylate in Korean patients with metastatic
breast cancer: Korean multi-center Phase IV clinical study results. Cancer Res
Treat 2017;49:423e9. https://doi.org/10.4143/crt.2016.191.
[23] National Cancer Institute. Cancer therapy evaluation program. 2009. Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0, https://www.
eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf.
[Accessed 1 May 2020].
[24] Pedersini R, Vassalli L, Claps M, Tulla A, Rodella F, Grisanti S, Amoroso V,
Roca E, Simoncini EL, Berruti A. Eribulin in heavily pretreated metastatic
breast cancer patients in the real world: a retrospective study. Oncology
2018;94:10e5. https://doi.org/10.1159/000489063.
[25] Garrone O, Montemurro F, Saggia C, La Verde N, Vandone AM, Airoldi M, De
Conciliis E, Donadio M, Lucio F, Polimeni MA, Oletti MV, Giacobino A,
Merlano MC. Eribulin in pretreated metastatic breast cancer patients: results
of the TROTTER trial-a multicenter retrospective study of eribulin in real life.
SpringerPlus 2016;5:59. https://doi.org/10.1186/s40064-016-1700-0.
[26] Jacot W, Heudel PE, Fraisse J, Gourgou S, Guiu S, Dalenc F, Pistilli B,
Campone M, Levy C, Debled M, Leheurteur M. Real-life activity of eribulin
mesylate among metastatic breast cancer patients in the multicenter national
observational ESME program. Int J Canc 2019;145:3359e69. https://doi.org/
10.1002/ijc.32402.
[27] Rau KM, Ou-Yang F, Chao TC. Effect of eribulin on patients with metastatic
breast cancer: multicenter retrospective observational study in Taiwan. Breast
Canc Res Treat 2018;170:583e91. https://doi.org/10.1007/s10549-018-4778y.

MYK and JYK are employees of Eisai Korea Inc. All other authors
declare no conﬂict of interest.
Acknowledgements
We thank Sarah Bubeck, PhD, of Edanz Evidence Generation for
providing medical writing support, which was funded by Eisai
Korea Inc. The MedDRA® trademark is registered by the International Federation of Pharmaceutical Manufacturers and Associations on behalf of the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.breast.2020.09.004.
References
[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394e424. https://
doi.org/10.3322/caac.21492.
[2] Kweon SS. Updates on cancer epidemiology in Korea. Chonnam Med J
2018;54:90e100. https://doi.org/10.4068/cmj.2018.54.2.90. 2018.
[3] Bray F, McCarron P, Parkin DM. The changing global patterns of female breast
cancer incidence and mortality. Breast Cancer Res 2004;6:229e39. https://
doi.org/10.1186/bcr932.
[4] Peart O. Metastatic breast cancer. Radiol Technol 2017;88:519Me39M.
[5] Jordan MA, Kamath K, Manna T, Okouneva T, Miller HP, Davis C, Littleﬁeld BA,
Wilson L. The primary antimitotic mechanism of action of the synthetic halichondrin E7389 is suppression of microtubule growth. Mol Canc Therapeut
2005;4:1086e95. https://doi.org/10.1158/1535-7163.MCT-04-0345.
[6] Smith JA, Wilson L, Azarenko O, Zhu X, Lewis BM, Littleﬁeld BA, Jordan MA.
Eribulin binds at microtubule ends to a single site on tubulin to suppress
dynamic instability. Biochemistry 2010;49:1331e7. https://doi.org/10.1021/
bi901810u.
[7] Doodhi H, Prota AE, Rodriguez-Garcia R, Xiao H, Custar DW, Bargsten K,
Katrukha EA, Hilbert M, Hua S, Jiang K, Grigoriev I, Yang CPH, Cox D,
Horwitz SB, Kapitein LC, Akhmanova A, Steinmetz MO. Termination of protoﬁlament elongation by eribulin induces lattice defects that promote
microtubule catastrophes. Curr Biol 2016;26:1713e21. https://doi.org/
10.1016/j.cub.2016.04.053.
[8] Kuznetsov G, Towle MJ, Cheng H, Kawamura T, TenDyke K, Liu D, Kishi Y,
Yu MJ, Littleﬁeld BA. Introduction of morphological and biochemical apoptosis
following prolonged mitotic blockage by halichondrin B macrocyclic ketone
analog E7389. Canc Res 2004;64:5760e6. https://doi.org/10.1158/00085472.CAN-04-1169.
[9] Towle MJ, Salvato KA, Budrow J, Wels BF, Kuznetsov G, Aalfs KK, Welsh S,
Zheng W, Seletsky BM, Palme MH, Habgood GJ, Singer LA, DiPietro LV,
Wang Y, Chen JJ, Quincy DA, Davis A, Yoshimatsu K, Kishi Y, Yu MJ,
Littleﬁeld BA. In vitro and in vivo anticancer activities of synthetic macrocyclic
ketone analogues of halichondrin B. Canc Res 2001;61:1013e21.
[10] Towle MJ, Salvato KA, Wels BF, Aalfs KK, Zheng W, Seletsky BM, Zhu X,
Lewis BM, Kishi Y, Yu MJ, Littleﬁeld BA. Eribulin induces irreversible mitotic
blockade: implications of cell-based pharmacodynamics for in vivo efﬁcacy
under intermittent dosing conditions. Canc Res 2011;71:496e505. https://
doi.org/10.1158/0008-5472.CAN-10-1874.
[11] Twelves C, Cortes J, Olivo M, He Y, Kaufman PA, Awada A. Efﬁcacy of eribulin
in women with metastatic breast cancer: a pooled analysis of two phase 3
studies. Breast Canc Res Treat 2014;148:553e61. https://doi.org/10.1007/
s10549-014-3144-y.
[12] Iizumi S, Shimoi T, Tsushita N, Bun S, Shimomura A, Noguchi E, Kodaira M,
Yunokawa M, Yonemori K, Shimizu C, Fujiwara Y, Tamura K. Efﬁcacy and
safety of eribulin in patients with locally advanced or metastatic breast cancer
not meeting trial eligibility criteria: a retrospective study. BMC Canc 2017;17:

126

