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INTRODUCTION

Improving overall survival (OS) remains an important 
treatment goal in metastatic breast cancer (mBC) patients. 
Despite the introduction of several novel therapies in recent 
years, mBC remains incurable; therefore, research continues 
to focus on developing treatments that could potentially im-
prove survival [1-3].

Treatment approaches in the second- and later-line disease 
settings vary according to multiple factors, and no chemo-
therapeutic agent has clearly demonstrated superiority over 
the others [4]. In view of the palliative aim of mBC treatment, 
there is a trade-off between the benefits of chemotherapy and 
its associated toxic side effects. In everyday clinical practice, 
treatment choice is, therefore, determined based on the indi-
vidual patient’s condition and tumor characteristics [5]. With 

this in mind, physicians need to be familiar with the available 
therapies, in addition to the management of side effects asso-
ciated with such therapies.

Eribulin is a synthetic analog of halichondrin B, which is a 
naturally occurring molecule with antitumor properties that 
was originally isolated from a marine sponge (Halichondria 
okadai) found in the Pacific Ocean close to the coast of Japan 
[6]. Eribulin is a microtubule-targeted chemotherapeutic 
agent that belongs to the halichondrin class of molecules. It 
inhibits mitotic spindle formation by selectively targeting the 
microtubule growth phase, without affecting the shortening 
phase, which results in decreased cell proliferation and in-
creased apoptosis [7]. This mode of action is distinct from 
those of other tubulin-targeting agents such as vinblastine and 
paclitaxel [7,8]. Eribulin induces an irreversible mitotic block-
ade, an action that is uncommon among microtubule inhibi-
tors [9]. In addition to its antimitotic effects, eribulin may 
cause tumor vasculature remodeling and the reversal of epi-
thelial-mesenchymal transition, which may decrease the inva-
siveness and metastasis of tumor cells [10-12]. 

The pharmacokinetic profile of eribulin is characterized by a 
rapid distribution phase, followed by a prolonged elimination 
phase; its average terminal half-life is approximately 40 hours 
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Eribulin, an antimicrotubule chemotherapeutic agent, is ap-
proved for the treatment of pretreated metastatic breast cancer 
(mBC) based on the positive outcomes of phase II and phase III 
clinical trials, which enrolled mainly Western patients. Eribulin 
has recently been approved in an increasing number of Asian 
countries; however, there is limited clinical experience in using 
the drug in certain countries. Therefore, we established an Asian 
working group to provide practical guidance for eribulin use 
based on our clinical experience. This paper summarizes the key 

clinical trials, and the management recommendations for the re-
ported adverse events (AEs) of eribulin in mBC treatment, with 
an emphasis on those that are relevant to Asian patients, fol-
lowed by further elaboration of our eribulin clinical experience. It 
is anticipated that this clinical practice guide will improve the 
management of AEs resulting from eribulin treatment, which will 
ensure that patients receive the maximum treatment benefit. 
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[13,14]. Eribulin is weakly bound to plasma proteins; at a con-
centration between 100 and 1,000 ng/mL, the plasma protein 
binding in human plasma ranged from 49% to 65% [15]. Erib-
ulin has a low clearance rate (range of means, 1.16–2.42 L/h/
m2), with no significant accumulation upon weekly adminis-
tration. When the dose of eribulin falls between 0.22 and 3.53 
mg/m2, the pharmacokinetic properties are not dose- or time-
dependent [15]. Eribulin is mainly eliminated through biliary 
excretion. Based on a pharmacokinetic study, approximately 
82% of the eribulin administered was eliminated in the feces, 
and 9% in the urine, which indicate that renal clearance is not 
a significant elimination route in the case of eribulin [15]. 

The approval of eribulin for the treatment of patients with 
locally advanced breast cancer (LABC) or mBC pretreated 
with an anthracycline and a taxane was based on the results of 
its phase II and III clinical trial that enrolled patients mainly 
from Western countries. In many Asian countries, eribulin 
has only recently been approved, and Asian clinicians in cer-
tain countries have limited experience of using it in their clin-
ical practice. In this paper, we summarize the key clinical in-
formation associated with eribulin for the treatment of mBC, 
and provide practical guidance for its use, including the man-
agement of its adverse events (AEs) based on our clinical ex-
perience in Asian patients.

ERIBULIN CLINICAL TRIALS  
IN METASTATIC BREAST CANCER

Eribulin phase I trials
In phase I studies, eribulin demonstrated antitumor activity 

in a range of advanced solid tumors (Table 1) [13,14,16,17]. 
Although the dosing regimen differed slightly between the 
studies, treatment responses were observed in both Western 
and Asian patient populations.

Eribulin phase II trials
The efficacy and safety of eribulin (1.4 mg/m2 on day 1 and 

day 8 of a 21-day cycle) have been evaluated in three phase II 
studies in patients with LABC or mBC pretreated with an an-
thracycline and a taxane (Table 2) [18-20]. In these studies, 
eribulin demonstrated antitumor activity with a manageable 
toxicity profile. 

Eribulin phase III trials
The efficacy and safety of eribulin in mBC treatment have 

been evaluated in two phase III trials, namely the EMBRACE 
study and Study 301 [21,22].

The EMBRACE study was a global, multicenter, random-
ized (2:1) trial investigating eribulin versus a treatment of phy-
sician’s choice (TPC) in 762 women with pretreated LABC or 
mBC. The primary endpoint of the study was OS. The TPC 
was used as the comparator arm to reflect the “real world” pre-
scribing choices, since there is no standard therapy for mBC in 
the third-line setting. The women included in the study had 
received prior chemotherapy regimen, including anthracy-
clines and taxanes; either eribulin or TPC was subsequently 
administered as third- or later-line chemotherapy [21]. 

In the primary analysis with 422 events (55%), eribulin sig-
nificantly extended the median OS compared with TPC (13.1 
months vs. 10.6 months; hazard ratio [HR], 0.81; 95% confi-
dence interval [CI], 0.66–0.99; p= 0.041). This represents a 
23% increase in the 1-year median survival. An updated OS 
analysis including 589 events (77%), which was requested by 
the European and the United States regulatory authorities, 
confirmed a significant OS increase in eribulin-treated pa-
tients compared with those treated with the TPC (13.2 
months vs. 10.5 months; HR, 0.81; 95% CI, 0.67–0.96; p=  
0.014) [21]. 

Based on an independent review, the median progression-

Table 1. Phase I efficacy data in advanced solid tumors

Study
Patient 

population
No. Types of cancer Dose regimen Tumor response

Goel et al. 
   (2009) [13] 

 Western 32 Refractory/advanced 
   solid tumors

0.25 mg/m2 upwards, guided by PK 
   (MTD=1.4 mg/m2); days 1, 8, 15 q4w by 
   1 hr IV infusion

PR, n=2 (NSCLC, bladder); MR, n=3 
   (NSCLC, breast, thyroid); SD as best 
   response, n=10; median duration of 
   response, 4 mo (range, 2–14 mo)

Tan et al. 
   (2009) [14] 

 Western 21 Advanced solid tumors 0.25, 0.5,1, 2, 2.8, and 4 mg/m2 
   (MTD=2.0 mg/m2); day 1 of q3w by 
   1 hr IV infusion

PR, n=1 unconfirmed; SD as best response, 
   n=12 (4 had prior taxane); median duration 
   2.8 mo (range, 1.5–12.7 mo)

Morgan et al. 
   (2015) [16] 

 Western 40 Advanced solid tumors 0.125, 0.18, 0.25, 0.35, 0.5, 1.0, 1.4, and 
   2.0 mg/m2 (MTD=1.4 mg/m2/wk); days 
   1, 8 and 15 q4w by 1–2 min IV infusion

PR, n=3 (at 1.4 and 2.0 mg/m2); SD as best 
   response, n=14; duration median 5.6 mo 
   (range, 1.9–13.1 mo)

Mukohara et al. 
   (2012) [17] 

 Asian 15 Advanced solid tumors 0.7, 1.0, 1.4, 2.0 mg/m2 (MTD=1.4 mg/m2); 
   days 1 and 8 of q3w by 5 min IV injection

PR, n=3 (at MTD); SD as best response, 
   n=4; 2 patients has SD for 6 mo

PK=pharmacokinetics; MTD=maximum tolerated dose; q4w=every 4 weeks; IV= intravenous; PR=partial response; MR=minor response; NSCLC=non-small 
cell lung carcinoma; SD=stable disease; q3w=every 3 weeks.
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free survival (PFS) was longer with eribulin treatment than 
with the TPC; however, this difference was not statistically 
significant (3.7 months vs. 2.2 months; HR, 0.87; 95% CI, 
0.71–1.05; p= 0.137) [21]. The objective response rate (ORR) 
was 12% (57 out of 468 patients) with eribulin treatment, in-
cluding three cases with a complete response, versus 5% (10 
out of 214 patients) with the TPC (p= 0.002) [21]. 

In the other randomized phase III trial, Study 301, women 
with LABC or mBC who had received prior anthracycline- 
and taxane-based therapy (n= 1,102) were randomized to re-
ceive either single agent eribulin or capecitabine as a first-, 
second-, or third-line chemotherapy. The co-primary end-
points of the study were OS and PFS [22]. 

In Study 301, there was no statistically significant difference 
between eribulin and capecitabine with regard to the median 
OS (15.9 months vs. 14.5 months; HR, 0.88; 95% CI, 0.77–
1.00; p = 0.056) and the median PFS (4.1 months vs. 4.2 
months; HR, 1.08; 95% CI, 0.93–1.25; p= 0.30) [22]. Based on 
an independent review, the ORRs were 11% (95% CI, 8.5%–
13.9%) and 11.5% (95% CI, 8.9%–14.5%; p= 0.85) for eribulin 
and capecitabine, respectively [22]. 

A pooled analysis of the data from these two trials, as re-
quested by the European Medicines Agency (EMA), was per-
formed to assess whether specific patient subgroups benefited 
from eribulin treatment [23]. In this pooled analysis, eribulin 
improved the OS significantly in various patient subgroups, 
notably in patients with human epidermal growth factor re-

ceptor 2 (HER2)-negative and triple-negative (TN) disease. 
The results of this analysis were used as supplementary infor-
mation to support the license extension of eribulin for sec-
ond- and later-line therapy in mBC [23]. 

In addition to the overall analyses, a number of post-hoc 
analyses from the two phase III trials have been reported, and 
are presented in Table 3 [21,24-28]. 

Eribulin in the Asian patient population
The only clinical trial data for eribulin in the Asian breast-

cancer-patient population comes from a phase II, multicenter, 
single-arm study of 80 Japanese mBC patients who were 
treated with eribulin as third- and later-line chemotherapy. 
The ORR was 21.3% (95% CI, 12.9%–31.8%; all partial re-
sponses). Based on an independent review, 37.5% of the pa-
tients in the study had stable disease [20]. 

CLINICAL USE OF ERIBULIN

Eribulin was originally approved by the U.S. Food and Drug 
Administration Agency in 2010, and the EMA in 2011, for the 
treatment of LABC or mBC patients who have progressed af-
ter at least two chemotherapeutic regimens for advanced dis-
ease. Prior therapy should have included an anthracycline and 
a taxane, unless these treatments were not suitable for the pa-
tients. Eribulin was subsequently approved in many Asian 
countries as third- or later-line chemotherapy for mBC pa-

Table 2. Phase II studies in metastatic breast cancer

Study
Patient 

population
No. of

patients
Setting Key efficacy and safety findings

211 [18] Western 291 ≥3rd line, 
   LABC/mBC

ORR (independent review)=9.3% (95% CI, 6.1%–13.4%; all PRs), SD rate=46.5%
Clinical benefit rate=17.1%
PFS 2.6 mo
OS 10.4 mo
Most common treatment-related grade 3/4 toxicities were neutropenia (54%); febrile neutropenia 
   (5.5%); leukopenia (14%), and asthenia/fatigue (10%, no grade 4). Grade 3 neuropathy occurred 
   in 6.9% of patients (no grade 4).

201 [19] Western 193 ≥2nd line, 
   LABC/mBC

ORR=11.5% (95% CI, 5.7%–20.1%)
Clinical benefit rate 17.2% (95% CI, 10.0%–26.8%)
PFS 79 days (2.6 mo; range, 1–453 days)
OS 275 days (9.0 mo; range, 15–826 days)
The most common drug-related grade 3/4 toxicities were neutropenia (64%); leukopenia (18%); 
   fatigue (5%); peripheral neuropathy (5%); and febrile neutropenia (4%)

221 [20] Japanese* 80 1–4th line, 
   LABC/mBC

ORR=21.3% (95% CI, 12.9%–31.8%; all PRs)
Clinical benefit rate=27.5% (95% CI, 18.1%–38.6%)
PFS 3.7 mo (95% CI, 2.0–4.4 mo) 
OS 11.1 mo (95% CI, 7.9–15.8 mo)
Most frequent treatment-related grade 3/4 AEs were neutropenia (95.1%); leukopenia (74.1%); 
   and febrile neutropenia (13.6%)
Grade 3 peripheral neuropathy occurred in 3.7% of patients (no grade 4)

LABC = locally advanced breast cancer; mBC =metastatic breast cancer; ORR =objective response rate; CI =confidence interval; SD =stable disease; 
PFS=progression-free survival; OS=overall survival; PR=partial response; AEs=adverse events.
*Japanese registrational phase II study to support the use of eribulin in Japanese patients with locally advanced or mBC.
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tients who were pretreated with an anthracycline and a tax-
ane. More recently, based on the results of Study 301, eribulin 
was approved in the European Union, Thailand, Hong Kong, 
South Korea, India, and the Philippines for the treatment of 
LABC or mBC in patients who have progressed after at least 
one chemotherapeutic regimen for advanced disease. 

The National Comprehensive Cancer Network (NCCN) 
clinical guidelines have included eribulin as a preferred single 
agent for the treatment of inoperable LABC and mBC [29]. 
Recently, the American Society of Clinical Oncology (ASCO) 
clinical guidelines for HER2-negative advanced breast cancer 
have recommended eribulin as a second- and later-line che-
motherapy, stating that “the most convincing data are for er-
ibulin, based on survival superiority against the best standard 
treatment in a recent large randomized clinical trial, but there 
is a lack of good comparative data between these various 
agents” [30]. The European School of Oncology-European 
Society for Medical Oncology (ESO-ESMO) consensus guide-
lines for advanced breast cancer recommend eribulin as the 
preferred choice in patients pretreated with an anthracycline 
and a taxane (in any setting), and who do not need combina-
tion therapy [31]. 

In the Asian patient population, the efficacy of eribulin has 
been shown in a phase II trial with Japanese patients [20]. Not 
only is eribulin the only single agent proven to significantly 
extend survival in mBC patients in the third- and later-line 
setting, it is also a good addition to the currently available 
treatment options for mBC. Although eribulin has shown ef-
ficacy regardless of the tumor receptor status, we would ex-
pect greater OS benefit in patients with HER2-negative and 
TN breast cancer, as demonstrated in Study 301.

Although the OS was selected as the primary/co-primary 
end point in the EMBRACE study and Study 301 for obtain-
ing a clinically meaningful outcome, this does not diminish 
the value of PFS and other surrogate endpoints as valid end 
points in certain clinical situations [32]. The selection of an 
appropriate chemotherapeutic agent for an individual mBC 
patient should not only be based on clinical evidence, but also 
on patient-associated factors, such as disease status, prior che-
motherapy regimen(s), experience of toxicities, performance 
status, and comorbidities, in order to maximize the clinical 
benefit of the treatment. In addition to eribulin’s current ther-
apeutic indication as a single agent for mBC treatment, there 
are data available for its use in combination with other anti-
cancer agents, such as trastuzumab and capecitabine [33,34]. 

The recommended dose of eribulin mesylate is 1.4 mg/m2 
(equivalent to 1.23 mg/m2 eribulin [expressed as free base]), 
administered intravenously over 2 to 5 minutes on day 1 and 
8 of every 21-day cycle. Such a short infusion regimen offers 
convenience from the patient’s perspective by minimizing the 
time spent in the clinic for treatment. Some medical centers 
choose to administer eribulin as a diluted infusion (30 mL in 
100 mL of 0.9% sodium chloride) over 10 to 30 minutes as 
their preferred routine practice. Eribulin is not a vesicant or 
an irritant [15]; therefore, it may be administered through a 
peripheral or central venous line. 

MANAGEMENT OF ADVERSE EVENTS 
ASSOCIATED WITH ERIBULIN

The reported AEs in the EMBRACE study and Study 301 
were consistent with the known side effect profile of eribulin 

Table 3. Summary of key post hoc data and findings from the EMBRACE Study and Study 301

Key findings

EMBRACE study
   Twelves et al. (2010) [24] Predefined exploratory subgroup analyses by hormone receptor expression status, number of organs involved and sites of 

   disease were consistent with the overall analysis, and showed that the OS benefit for eribulin versus TPC was maintained   
   across a variety of subgroups. 

   Blum et al. (2010) [25] The OS benefit with eribulin was greatest in patients who had received fewer previous therapies. The subgroup analysis 
   identified consistently longer median OS with eribulin versus TPC in patients who received ≤3 prior chemotherapy 
   regimens.

   Cortes et al. (2011) [21] No significant differences in OS and PFS were noted in eribulin patients who had dose modifications due to AEs compared 
   with those who did not have dose modifications.

   Simons et al. (2013) [26] The sequencing of prior treatments does not provide additional OS benefit with eribulin.
Study 301
   Awada et al. (2013) [27] Treatment with capecitabine or any other postprogression anticancer treatment after progression on eribulin did not 

   account for the nonstatistically significant trend in OS benefit associated with eribulin in the primary analysis.
   Kaufman et al. (2013) [28] Patients in certain subgroups appeared to benefit more from eribulin treatment compared with capecitabine treatment, 

   including those with nonvisceral disease, >2 organs involved with disease, progressive disease >6 mo after last 
   chemotherapy, triple-negative breast cancer, and HER2-negative breast cancer.

OS=overall survival; TPC=treatment of physician’s choice; PFS=progression-free survival; AEs=adverse events; HER2=human epidermal growth factor receptor 
2.
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from the previous phase II studies. The overall incidences of 
serious AEs in the two phase III trials are shown in Table 4. 
The main AEs leading to treatment discontinuation in the 
EMBRACE study and Study 301 were peripheral neuropathy 
(5%) and neutropenia (1.7%), respectively [21,22]. The most 
common nonhematologic AEs of eribulin were asthenia/fa-
tigue, alopecia, and nausea, while the most common hematol-
ogic AEs were neutropenia and leukopenia (Table 4).

Delays in administration and/or dose reduction are some-
times needed to manage eribulin-related grade 3/4 toxicities. 
These dose reductions allow most patients to continue with 
the treatment longer in order to gain the maximal clinical 
benefit. Dose modification recommendations for eribulin re-
treatment are shown in Table 5 [15]. 

Neutropenia and febrile neutropenia
The most commonly reported AEs associated with eribulin 

treatment in clinical trials are hematological effects attributed 
to bone marrow suppression (i.e., neutropenia) [21,22]. This 
is consistent with our clinical experience of treating Asian pa-
tients with eribulin. In the EMBRACE study and Study 301, 
there was no prophylactic use of growth factors to prevent er-
ibulin-induced neutropenia. Patients who developed neutro-
penia during eribulin treatment were managed with treatment 
delays, dose reductions, and granulocyte colony-stimulating 
factor (G-CSF), which was used in 18% and 14.6% of patients 
in the EMBRACE study and Study 301, respectively. Only 
0.6% and 1.7% of patients discontinued eribulin treatment 

due to neutropenia in the EMBRACE study and Study 301, 
respectively [21,22]. The median time to recovery from grade 
3/4 neutropenia to grade 2 or lower was 8 days, but in some 
cases, this was extended up to 51 days [21,22]. In the EM-
BRACE study and Study 301, febrile neutropenia (FN) oc-
curred in 5% and 2% of patients, respectively [21,22]. 

In the Asian population, based on the phase II trial of eribu-
lin in Japanese patients, neutropenia was reported at a rela-
tively higher incidence of 98.8% (all grades; 95.1% for grade 
3/4) than in the Western population in the phase III trials. 
There was also a higher incidence of FN (13.6%), and G-CSF 
was administered to 25.9% of the patients to manage symp-
tomatic neutropenia. However, only one patient (1%) discon-

Table 4. Summary of adverse events from the EMBRACE study and Study 301

Adverse events (%)
EMBRACE Study 301

Eribulin (n=503) TPC (n=247) Eribulin (n=544) Capecitabine (n=546)

Overall adverse events 99 93 94 91
Serious adverse events 25 26 18 21
Adverse events leading to discontinuation 15 13 8 10
Most common hematologic adverse events*
Neutropenia 52 30 54 16
Leukopenia 23 11 31 10
Most common nonhematologic adverse events*
Asthenia/fatigue 54 40 83/91† 79/84†

Alopecia 45 10 35 4
Nausea 35 28 22 24
Peripheral neuropathy‡ 35 16 27 14
Constipation 25 21 <10§ <10§

Diarrhoea 18 18 14 29
Hand-foot syndrome 1 14 0.2 45

TPC=treatment of physician’s choice.
*≥25% of patients in either treatment arm, in either EMBRACE or Study 301; †Asthenia/fatigue were assessed as separate adverse events in Study 301. Incidence 
of asthenia in Study 301 was 15.3% and 14.5% in the eribulin and capecitabine treatment groups, respectively. The incidence of fatigue was 16.7% and 15.4% in 
the eribulin and capecitabine treatment groups, respectively; ‡In EMBRACE, peripheral neuropathy included neuropathy peripheral, neuropathy, peripheral motor 
neuropathy, polyneuropathy, peripheral sensory neuropathy, peripheral sensorimotor neuropathy, demyelinating polyneuropathy, and paresthesia. Study 301 re-
ported global peripheral neuropathy, defined as Standardized Medical Dictionary for Regulatory Activities Queries narrow and broad terms; §Only data for adverse 
events occurring in >10% of patients have been presented. 

Table 5. Eribulin dose modification recommendations [15]

Adverse reaction after 
   previous administration

Recommended 
eribulin dose

Hematologic 1.1 mg/m2

   ANC <0.5×109/L lasting more than 7 day
   ANC <1×109/L neutropenia complicated by 
      fever or infection
   Platelets <25×109/L thrombocytopenia
Nonhematologic 1.1 mg/m2

   Any grade 3 or 4 in the previous cycle
Reoccurrence of any hematologic or non-hematologic 
   adverse reactions as specified above
   Despite reduction to 1.1 mg/m2 0.7 mg/m2 

   Despite reduction to 0.7 mg/m2 Consider 
   discontinuation

ANC=absolute neutrophil count.
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tinued eribulin treatment due to neutropenia [20]. 
Neutropenia and FN are the major dose-limiting toxicities 

of some of the systemic cancer chemotherapies, including er-
ibulin and other myelosuppressive chemotherapeutic agents 
such as paclitaxel, docetaxel, vinorelbine, and anthracycline-
containing regimens. Advanced age, poor performance status, 
comorbidities, and low baseline blood cell counts have been 
identified as significant predictors for neutropenic complica-
tions, including FN [35]. However, eribulin-associated neu-
tropenia is reversible and not cumulative; in most cases, it can 
be managed with dose delays or modification alone, or with 
the use of growth factors [15]. Eribulin should not be initiated 
in patients with an absolute neutrophil count (ANC) < 1,000/
mm3, or with other hematologic toxicity at grade 2 or higher. 
If neutropenia occurs, a dose delay of 3 to 7 days should be 
considered in order to allow the ANC to recover, followed by 
a reduced dose schedule as specified in the dosing recom-
mendations for eribulin (Table 5). Eribulin is associated with 
a low risk of FN, and primary prophylaxis with growth factors 
was not permitted in the aforementioned phase III trials of er-
ibulin. However, maintaining adequate dose intensity is rec-
ognized as a key factor influencing a tumor’s response to cyto-
toxic drugs. Therefore, primary or secondary prophylactic use 
of G-CSF may be considered, if needed, to maximize treat-
ment benefit.

The prophylactic use of growth factors can reduce the risk, 
severity and duration of both severe and FN. The use of G-
CSF or equivalent to manage eribulin-induced severe neutro-
penia is at the discretion of the treating physician, and in ac-
cordance with the relevant clinical practice guidelines, such as 
the guidelines of the European Organisation for Research and 
Treatment of Cancer (EORTC) [36], NCCN [37], and ESMO 
[38]. In general, these guidelines recommend that FN risk fac-
tors, including disease, dose density, age, neutrophil count, 
and treatment intent, should be evaluated before administer-
ing each cycle of chemotherapy. These guidelines also recom-
mend not to consider growth factor use for primary prophy-
laxis in patients with a low risk of FN (< 10%), unless they are 
at a significant risk of serious medical consequences of FN, or 
if a chemotherapy dose reduction would be detrimental to the 
clinical outcome [37]. The NCCN recommendation for 
growth factor use in the prophylaxis and treatment of FN, and 
the maintenance of scheduled dose delivery, is the administra-
tion of 5 µg/kg daily of filgrastim until post-nadir ANC recov-
ery to normal or near normal levels. It is initiated on the next 
day, after more than 24 hours up to 3 to 4 days after the com-
pletion of chemotherapy and throughout post-nadir recovery 
[37]. The ESMO guidelines suggest using 5 µg/kg daily of G-
CSF, administered subcutaneously 24 to 72 hours after the last 

day of chemotherapy, until sufficient or stable post-nadir 
ANC recovery is achieved (achieving a target ANC of > 10×  
109/L is not necessary) [38]. Pegfilgrastim is generally not rec-
ommended by the NCCN guidelines for use with weekly che-
motherapeutic regimens (such as eribulin) owing to insuffi-
cient supporting data, although, it may be administered if 
chemotherapy is given every 2 weeks or more [37].

A higher incidence of eribulin-associated neutropenia was 
reported by a clinical trial with Japanese patients [20], as well 
as from individual clinicians treating Asian patients in their 
daily practice who received eribulin; although, there is no 
published report, to our knowledge, so far. Currently there is 
evidence that the pharmacogenomics of eribulin in Asian 
breast cancer patients differ from that in the Western popula-
tion. Another potential reason for the higher neutropenia rate 
in Asian patients may be related to the use of eribulin as a very 
late-line therapy in heavily pretreated patients; using G-CSF 
may help to reduce the neutropenia rate in such patients.

In our clinical practice, although the routine use of growth 
factors with eribulin therapy is not always necessary in Asian 
patients, G-CSF may be considered as primary or secondary 
prophylaxis for “high-risk” patients. For example, primary 
prophylaxis with G-CSF might be considered for patients who 
experienced significant hematologic toxicities or FN during 
previous chemotherapeutic regimens, or for patients at risk of 
infective complications without good access to care. In some 
countries, primary prophylaxis with G-CSF is not reimbursed 
by their national healthcare systems. Under these circum-
stances, a reduced initial dose of eribulin can be considered for 
patients at high risk of neutropenia. This reduced dose may 
then be increased to the full dose if eribulin is well tolerated 
during the first treatment cycle. Although this may compro-
mise dose intensity, treatment decisions should be individual-
ized in accordance with these limitations in the clinical setting.

Peripheral neuropathy 
Microtubule-targeted therapies, including taxanes, epothi-

lones, and vinca alkaloids, are commonly associated with 
some forms of neuropathy; severe peripheral neuropathy 
(grade 3 or 4) has been reported in 30% of patients [39]. Erib-
ulin is one such agent associated with neurotoxicity [40]. 

Peripheral neuropathy was reported as one of the most 
common grade 3/4 AEs of eribulin in the phase III trials; it 
occurred in about 7% to 8% of patients. However, it only re-
sulted in treatment discontinuation in less than 5% of patients 
[21]. The incidence of all grades of peripheral neuropathy in 
the eribulin group in the EMBRACE study was 35% (8% of 
grade 3 or higher), compared with the 45% (17/38, 5% of 
grade 3 or higher) observed in the taxanes-TPC subgroup 
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[21]. In the pooled safety analysis from the two phase III stud-
ies and two phase II studies of patients with mBC, 7.7% of pa-
tients (116/1,503) treated with eribulin had grade 3 or higher 
peripheral neuropathy [41]. In patients with grade 3 or higher 
peripheral neuropathy who remained on eribulin, the symp-
toms improved to grade 2 or less after treatment delays and 
dose reductions. Most patients who had peripheral neuropa-
thy at baseline did not experience a worsening of its severity 
during eribulin treatment [21]. Of these patients, most 
showed an improvement in the severity of peripheral neurop-
athy, and 50% of them experienced its resolution. The median 
time to improvement was 2.1 weeks, whereas the median time 
to resolution was 7.7 weeks [41]. Moreover, neuropathy last-
ing more than 1 year occurred in only 5% of the patients [42]. 
Peripheral neuropathy associated with eribulin was reversible 
in many, but not all, patients [42]. Collectively, the data sug-
gest that the risk–benefit ratio for eribulin in relation to pe-
ripheral neuropathy supports the use of this drug for treating 
patients with breast cancer [41]. A lower incidence of periph-
eral sensory neuropathy (23.5% of all grades, 3.7% of grade 3, 
and no grade 4) was reported in the Japanese phase II trial 
[20]. This is consistent with our experience of treating Asian 
patients with eribulin, and demonstrates that neuropathy does 
not seem to be a major dose-limiting toxicity. 

Chemotherapy-induced peripheral neuropathy (CIPN) is a 
common treatment-related serious AE that interferes with the 
efficacy of treatment and decreases patients’ quality of life. 
Several classes of chemotherapeutic agents cause peripheral 
neuropathy, including platinum-based agents (cisplatin, car-
boplatin, and oxaliplatin), vinca alkaloids (vincristine and 
vinblastine), and taxanes (paclitaxel and docetaxel). The inci-
dence and severity of neuropathy vary considerably for differ-
ent agents when administered alone or in combination. The 
incidence of neuropathy was reported to be as high as 70% to 
90% with vincristine, cisplatin, oxaliplatin, and paclitaxel 
treatment [43-47]. The risk of developing both short- and 
long-term CIPN is highly dependent on factors such as the 
age, single-dose intensity, cumulative dose, duration of thera-
py, combination of neurotoxic agents, coexisting neuropa-
thies, genetic susceptibility, and alcohol abuse [47-53]. This 
neuropathy predominantly consists of sensory symptoms, 
rather than motor symptoms, and it is dose dependent 
[54,55]. The symptoms become progressively worse with che-
motherapy continuation. The standards of care for patients at 
risk of, or experiencing, neuropathy are based on a thorough 
assessment of their sensory symptoms; dose adjustments for 
chemotherapy can be made based on these findings. There are 
no established agents recommended for the prevention of 
CIPN in cancer patients undergoing treatment with neuro-

toxic agents. When grade 3 or higher peripheral neuropathy 
occurs, eribulin should be delayed until recovery to grade 2 or 
less; eribulin should be discontinued if peripheral neuropathy 
higher than grade 3 reoccurs (Table 5). The symptomatic 
management of peripheral neuropathy should be based on 
physicians’ assessments and clinical judgments. Available clin-
ical guidelines, such as the ASCO clinical practice guidelines 
for CIPN, may serve as a useful reference [56]. 

Alopecia
Alopecia is another common AE associated with eribulin 

therapy. In the EMBRACE study and Study 301, 45% and 35% 
of patients experienced alopecia, respectively [21,22]. Chemo-
therapy-induced hair loss is common, with an estimated over-
all incidence rate of 65% [57]. The frequency and severity of 
hair loss are variable, and are related to the specific chemo-
therapeutic agent and the treatment protocol. Eribulin-in-
duced hair loss cannot be reliably predicted or prevented. The 
treating physician should discuss the treatment plan with the 
patient and their family in order to establish their expectations 
regarding eribulin treatment, in addition to communicating 
the risks of potential AEs such as alopecia. From the patient’s 
perspective, the clinical benefit of eribulin should be balanced 
with its potential toxicities. Treatment choice should be based 
on the patient’s personal preference and physician’s best clin-
ical judgment. To date, no approved pharmacological option 
exists for the prevention of chemotherapy-induced hair loss. 
Scalp cooling with a cold cap in order to reduce alopecia is 
available in some cancer centers; however, there is limited ex-
perience in applying this method to patients with eribulin-in-
duced alopecia.

Nausea and vomiting
Nausea and vomiting are among the most common gastro-

intestinal AEs associated with eribulin therapy. In the EM-
BRACE study, 35% and 18% of the patients experienced nau-
sea and vomiting, respectively [21]. However, these AEs were 
usually mild, with grade 3 and 4 toxicities occurring in < 1% 
of patients. A low incidence of both AEs was seen in Study 
301 [22]. Although the emetogenic potential of eribulin is 
common, it is considered low in comparison to that of the 
other antineoplastic agents such as cisplatin, doxorubicin, and 
cyclophosphamide [58]. Based on our clinical experience, er-
ibulin-induced nausea and vomiting are relatively uncommon 
and anti-emetic prophylaxis is usually not necessary for Asian 
patients. If these AEs do occur, treatment guidelines for man-
aging chemotherapy-induced nausea and vomiting can be 
followed, such as the guidelines of the Multinational Associa-
tion of Supportive Care in Cancer, ASCO, and NCCN [59,60].
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Eribulin in patients with hepatic or renal impairment 
Pharmacokinetic studies of eribulin show that drug expo-

sure is greater in patients with hepatic impairment or severely 
impaired renal function [15,61]. Therefore, eribulin dose ad-
justments may be required for mBC patients with hepatic and 
renal impairment. Eribulin should be used with caution and 
at the discretion of the treating physician in such patients. The 
recommended doses of eribulin in patients with mild (Child-
Pugh A) and moderate (Child-Pugh B) hepatic impairment 
are 1.1 and 0.7 mg/m2, respectively [61]. Eribulin has not been 
studied in patients with severe hepatic impairment (Child-
Pugh C), but it is expected that a more significant dose reduc-
tion ma y be needed if eribulin is used in these patients. Pa-
tients with impaired renal function may also require a dose 
reduction although the optimal dose for this patient group re-
mains to be established. 

Eribulin in elderly patients
No dose adjustment is recommended for the elderly patient 

population [15]. The EMBRACE study did not include suffi-
cient numbers of patients aged ≥ 65 years in order to deter-
mine whether these patients had a different treatment re-
sponse than the younger patients. Similar incidences of AEs 
were observed between these two groups of patients in the 
EMBRACE study. In Study 301, it was reported that in the pa-
tients receiving eribulin, there was a slight increase in study 
withdrawal among older patients ( > 65 years, 10.7%) com-
pared to that observed for younger patients (≤ 65 years, 7.4%) 
[62]. There was also an increased trend in the incidence of 
grade 3/4 leukopenia in older patients (22.6%) when com-
pared with younger patients (13.7%); similar results were ob-
served for the incidence of grade 3/4 neutropenia (50.0% vs. 
45.0%, respectively). In contrast, a decrease in the incidence of 
peripheral sensory neuropathy was observed in the older 
population. However, a similar OS benefit of eribulin was 
shown in the younger (≤ 65 years) and older (> 65 years) age 
groups in this cohort of patients [62]. For older patients (> 65 
years), we recommend careful evaluation of the patients’ con-
ditions, including their bone marrow function, prior to eribu-
lin treatment. 

CONCLUSION

Approaches for mBC management have evolved in recent 
years; however, chemotherapy remains the mainstay of treat-
ment for patients with advanced disease. Eribulin is a micro-
tubule dynamics inhibitor indicated in several Asian countries 
as second- and later-line chemotherapy for mBC patients pre-
treated with an anthracycline and a taxane. While there is 

limited clinical trial data for the use of eribulin in the Asian 
patient population, the drug has been evaluated in two global, 
randomized phase III studies. In the EMBRACE study, eribu-
lin showed a significant and clinically meaningful improve-
ment in the OS compared with TPC in heavily pretreated mBC 
patients. Study 301 evaluated eribulin versus capecitabine in 
patients who had received prior anthracycline and taxane 
treatment. Although the co-primary endpoints of OS and PFS 
for eribulin superiority over capecitabine in this study were 
not met, there was a numerical difference in the median OS in 
favor of eribulin. Furthermore, a pooled analysis of these two 
studies suggests that eribulin may specifically confer OS 
benefits to patients with HER2-negative and TN disease when 
compared with the control treatment. The benefit of eribulin 
as a single agent in this setting suggests that this drug could 
become a new standard of care [21]. Eribulin is generally well 
tolerated although neutropenia may occur at a higher frequency 
among Asian patients receiving eribulin after several lines of 
systemic therapy. The most common AEs are manageable 
with the supportive measures highlighted in this paper. 
Collectively, the phase III trials’ data and our clinical experi-
ence support the use of eribulin as a potential treatment 
option for mBC in Asian patients. The efficacy and safety of 
eribulin in combination with other agents for advanced 
breast cancer, including capecitabine [34]; carboplatin (NCT 
01372579); poly (ADP-ribose) polymerase inhibitors such as 
olaparib (NCT02000622) and talazoparib (NCT01945775); 
the programmed death 1 immune checkpoint inhibitor, 
pembrolizumab (NCT02513472); and the mammalian target 
of rapamycin inhibitor, everolimus (NCT02120469, NCT 
02616848), are currently being explored in the setting of 
HER2-negative, TN, and BRCA-mutated breast cancer. Results 
from ongoing clinical trials in the adjuvant setting after 
doxorubicin and cyclophosphamide for HER2-negative disease 
(NCT01328249), capecitabine for estrogen receptor-positive 
disease (NCT01439282), and in the neoadjuvant setting with 
carboplatin (NCT01372579) for TN breast cancer are also 
awaited.
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