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Abstract: Eribulin mesylate, a synthetic derivative of the anti-mitotic agent halichondrin B, 
has a unique tubulin-based mechanism of action that is distinct from other anti-microtubule 
agents including taxanes and vinca alkaloids. Consistent with this unique activity, eribulin 
has shown clinical efficacy in patients with metastatic breast cancer (MBC) that progressed 
following prior taxane and anthracycline therapy. The evidence presented in this review 
indicates that eribulin represents a treatment option for patients with HER2-negative meta-
static breast cancer. Improved survival outcomes and better tolerability compared with 
vinorelbine supported the first approval of eribulin in China in 2019; eribulin was approved 
for women with locally advanced/metastatic HER2-negative breast cancer after treatment 
failure with at least two chemotherapy regimens, including an anthracycline and a taxane. 
Eribulin has also shown promising efficacy in patients with HER2-positive advanced breast 
cancer when used in combination with trastuzumab or pertuzumab, and subgroup analyses 
from the Phase III clinical trials support the continued evaluation of eribulin in patients with 
triple-negative disease. The unique non-mitotic effects of eribulin, including vascular remo-
deling, coupled with its clinical efficacy and safety profile, may permit the broader use of this 
agent in patients with MBC. 
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Introduction
Breast cancer is the most common cancer diagnosis in women in China, ahead of lung, 
bronchus and gastrointestinal cancers.1 Longitudinal age−incidence studies have indi-
cated similar incidence rates in Western and Asian populations; however, breast cancer 
incidence rates among younger generations in Asian countries may be surpassing rates 
in the United States.2 The most recent breast cancer statistics for China indicate an 
estimated 268,600 new cases and 69,500 deaths in 2015.1

Breast cancer is also a leading cause of cancer death (after lung and gastrointestinal 
cancers) in Chinese women overall, and the leading cause of cancer death in Chinese 
women younger than 45 years of age.1 A study of trends in mortality from Central China 
reported an age-standardized mortality rate for breast cancer of 7.5 per 100,000 persons 
in 2014.3 A significant upward trend in mortality was also found in patients aged 55–79 
years between 1990 and 2014 and this was projected to continue through to 2024.

Patients diagnosed with metastatic breast cancer (MBC) have a poor prognosis. 
Data from the US reveal the 5-year relative survival rate for MBC is around 28%, 
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compared with 99% in patients diagnosed with localized 
disease.4 Treatment options for MBC, including che-
motherapy, endocrine therapy and biologic therapy are 
largely palliative with the aim of prolonging survival and 
maintaining quality of life.5 Chemotherapy is widely used 
in patients with metastatic disease; however, drug resis-
tance is a common problem in later disease stages, often 
requiring alternative treatment options. Therefore, identi-
fying novel treatments for patients with resistant disease 
and difficult-to-treat tumor types such as human epidermal 
growth factor receptor 2 (HER2)-negative and triple- 
negative (TN) breast cancer are urgently needed to address 
the high mortality rate.

Eribulin mesylate is an anti-mitotic agent with a unique 
tubulin-based mechanism of action that has shown signifi-
cant clinical activity in patients with MBC. It was 
approved in China in 2019 for treatment of patients with 
locally recurrent or metastatic disease who have received 
prior anthracycline and paclitaxel therapy.

This review provides an overview of the unique 
mechanism of action of eribulin which may, at least in 
part, explain the activity seen with this agent in patients 
with disease that has progressed on prior anthracycline and 
taxane therapy. We also summarize efficacy and safety 
data from clinical trials, supporting the use of eribulin in 
MBC, including pivotal Phase III data from China. 
Eribulin has also been assessed in the (neo)adjuvant set-
ting and these clinical data are also briefly included for 
completeness. Finally, we discuss current treatment recom-
mendations for MBC in China, and consider potential 
future uses of eribulin in the clinic.

Search Methodology
A literature search was performed using www.Pubmed.gov 
for literature relevant to the use of eribulin in the treatment 
of metastatic breast cancer (eribulin AND “metastatic 
breast cancer”). All studies appearing in Pubmed.gov 
prior to completion of the first draft (30 June, 2020) 
were considered for inclusion. The resulting literature 
was evaluated for inclusion based on relevance to the 
treatment of metastatic breast cancer with a focus on use 
in China. Separate literature searches were conducted to 
provide an overview of the mechanism of action of eribu-
lin and to identify real-world evidence regarding the use of 
eribulin in this setting.

Eribulin Mechanism of Action
Eribulin mesylate, a synthetic derivative of halichondrin 
B (Figure 1), has demonstrated significant antitumor activ-
ity across a broad range of human cancer cell lines in vitro, 
including in paclitaxel-resistant cell lines.6–8 Marked 
tumor regression has also been shown to occur with eri-
bulin in xenograft models of various human cancers, 
including breast cancer.6,7

Eribulin’s potent and broad antitumor activity appears 
to be attributed to both anti-mitotic and non-mitotic 
mechanisms of action. Like other microtubule-targeting 
agents such as taxanes and vinca alkaloids, eribulin dis-
rupts microtubule dynamics, that play a key role in many 
cellular processes including cell proliferation.9 However, 
the binding site and consequent mechanism of action of 
eribulin are distinct from these other agents and the anti- 
mitotic effects of eribulin are irreversible.8,10–14 This 
unique mode of action may explain the antitumor activity 
observed in vitro with eribulin in taxane-resistant tumor 
cells harboring β-tubulin mutations.8,12,15

Non-mitotic effects of eribulin include vascular remodeling 
(increased vascular perfusion, reduced hypoxia) and reversal of 
the epithelial-to-mesenchymal (EMT) phenotype, which is 
known to promote local tumor invasiveness and metastasis.16 

In general, the unique eribulin binding sites suggest that effi-
cacy may be retained in patients with previous exposure to 
other taxane-based treatments and the non-mitotic effects of 
eribulin permit its use in combination with other therapies.

Figure 1 Chemical structure of eribulin. Reproduced from Wikipedia. Avalable 
from: https://en.wikipedia.org/wiki/Eribulin. Creative Commons Attribution- 
ShareAlike 3.0 Unported License:  https://creativecommons.org/licenses/by-sa/3.0/.62
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Clinical Studies of Eribulin in 
Women with Locally Recurrent/ 
Metastatic Breast Cancer
The clinical efficacy and tolerability of eribulin in women 
with locally recurrent/metastatic breast cancer has been 
studied in three large, randomized Phase III trials; two 
conducted predominantly in the US, Europe and 
Australia (international studies),17,18 and one study con-
ducted in China.19,20 Patients in these studies had locally 
advanced or metastatic disease and typically had received 
at least two prior chemotherapy regimens including an 
anthracycline and a taxane. In the international studies, 
eribulin was compared with treatment of physician’s 
choice (TPC) or capecitabine and in the Chinese study 
vinorelbine was the comparator. The results of these trials 
are summarized in Table 1 and discussed below. The 
findings of subgroup analyses in patients with HER2- 
positive, HER2-negative, estrogen receptor (ER)-negative 
and TN disease are also described, and summarized in 
Table 2.

International Phase III Studies of Eribulin 
in Locally Advanced/Metastatic Breast 
Cancer
Eribulin significantly improved overall survival (OS) ver-
sus TPC in heavily pretreated women enrolled in the 
EMBRACE trial (NCT00388726),17 although it did not 
provide a significant improvement in OS versus capecita-
bine in study E7389-G000-301 (NCT00337103; Table 
1).18 Subgroup analyses in the latter trial indicated longer 
OS with eribulin versus capecitabine in patients with 
HER2-negative, ER-negative, or TN disease (Table 2).21

Pooled analyses of these two Phase III studies reported 
significantly improved survival outcomes with eribulin versus 
comparators in heavily pretreated patients22–24 and also sup-
port subgroup analyses from the E7389-G000-301 study that 
indicate survival benefit in specific patient subgroups 
(although no OS benefit was observed in the overall study 
population).21,22,25 In particular, median OS was significantly 
longer with eribulin versus comparator in patients with either 
HER2-negative or TN disease (Table 2). In contrast, OS was 

Table 1 Summary of Eribulin Phase III Clinical Trials in Locally Advanced/Metastatic Breast Cancer

Median OS, Months (95% 
CI)

Median PFS, Months (95% 
CI)

Objective Response 
Rate, %

Cortes et al 201117

Eribulin (1.4 mg/m2 d1,8 q21d; n=508)a 13.1 (11.8–14.3) 3.7 (3.3–3.9) 12.2 (9.4–15.5)

TPC (n=254)a 10.6 (9.3–12.5) 2.2 (2.1–3.4) 4.7 (2.3–8.4)

P=0.04b P=0.137b P=0.002c

Kaufmann et al 201518

Eribulin (1.4 mg/m2 d1,8 q21d; n=554)c 15.9 (15.2–17.6) 4.1 (3.5–4.3) 11.0 (8.5–13.9)

Capecitabine (1.25 mg/m2 bid d1-14 q21d; 

n=548)c
14.5 (13.1–16.0) 4.2 (3.9–4.8) 11.5 (8.9–14.5)

P=0.056b P=0.30b P=0.85c

Yuan et al 201919

Eribulin (1.4 mg/m2 d1,8 q21d; n=264) 2.8 (2.8–4.1) 13.4 (11.5–16.2) 30.7 (25.2–36.6)

Vinorelbine (25 mg/m2 d1,8,15 q21d; n=266) 2.8 (2.7–2.8) 12.5 (10.6–16.6) 16.9 (12.6–22.0)

HR, 0.80; 95% CI: 0.65–0.98 

P=0.036b, d

P=0.838b P<0.001e

Notes: aPatients had recurrent or MBC and had received ≥2 prior chemotherapy regimens for advanced disease, including an anthracycline and a taxane (n=468 patients 
were eribulin RE, and 214 were TPC RE). bLog rank test. cFisher’s exact test. dHazard ratio 0.8, 95% CI, 0.65–0.98, P = 0.036. eCochran-mantel-haenszel. Patients had locally 
advanced or MBC and had received up to 2 prior chemotherapy regimens for metastatic disease, including an anthracycline and a taxane (68% were HER2-negative and 
approximately 25% had TN disease). 
Abbreviations: Bid, twice daily; CI, confidence interval; d, day; HR, hazard ratio; MBC, metastatic breast cancer; mo, months; OS, overall survival; PFS, progression-free 
survival; q21d, every 3 weeks; RE, response evaluable; TN, triple negative; TPC, treatment of physician’s choice.
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Table 2 Summary of Data from Phase II Phase III Studies of Eribulin in Subgroups of Patients with MBC (Including Pooled Analyses of 
Multiple Trials)

Patient Group Treatment Regimen and 
Clinical Outcomes

Comments

Eribulin plus trastuzumab in HER2-positive MBC
First-line therapy

Wilks et al 

201430

Locally recurrent/metastatic disease 

(n=52)

Eribulin + trastuzumab 
ORR: 71% 
DOR: 11.1 months 

PFS: 11.6 months

Clinical efficacy was not affected by prior adjuvant/ 

neoadjuvant trastuzumab therapy32 

Efficacy was lower in patients who had received prior 

anthracycline/taxane therapy31

Sakaguchi 

et al 201833

Locally recurrent/metastatic disease 

(n=28)

Eribulin+ trastuzumab 
ORR: 53.6% 
PFS: 344 days

Inoue et al 
201934

Metastatic disease (n=25) Eribulin + trastuzumab + 
pertuzumab 
ORR: 80.0% 

PFS: 23.1 months

Yamashita 

et al.202035

Advanced or metastatic disease (n=49) Eribulin + trastuzumab + 
pertuzumab 
CR: 17.4% 

PR: 43.5% 

PFS: 9.2 months

Grade 3/4 AEs 

Neutropenia: 10.2% 
Febrile neutropenia: 4.1% 

Hypertension: 6.1%

Eribulin in HER2-negative MBC
First-line therapy

McIntyre 

et al 
201431,39

Locally recurrent/metastatic disease and 

≥12 months since neo/adjuvant 
chemotherapy (n=56)

Eribulin 
ORR: 28.6% (all partial 
response) 

PFS: 6.8 months

Prior anthracycline and/or taxane therapy did not 

affect the response rate31

Ortega 

et al 201940

Metastatic disease with prior taxane in 

earlier disease stage (n=53)

Eribulin 
ORR: 20.8% 

TTP: 4.1 months

Eribulin had clinical activity in some patients who had 

received prior aggressive taxane therapy

Takashima 

et al 201641

Locally advanced/metastatic disease 

(n=35)

Eribulin 
ORR: 54.3% 
PFS: 5.8 months 

OS: 35.9 months

Kimura 

et al 201846

First- or second-line locally advanced/ 

metastatic disease (n=35)

Eribulin 
ORR: 37.1% 

PFS: 6.2 months 
OS: 21.4 months

Park et al 
201743

Metastatic disease (n=118) Eribulin/gemcitabine vs 
paclitaxel/gemcitabine 
6-mo PFS: 72% vs 73% (P=NS) 

OS: NR vs 21.2 months 
(P=NS) 

CBR: 44% vs 49% (P=NS)

Neurotoxicity was less common with the eribulin 
regimen (grade ≥2 neurotoxicity 13.6% versus 45.8%; 

P<0.001)

(Continued)
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Table 2 (Continued). 

Patient Group Treatment Regimen and 
Clinical Outcomes

Comments

Tolaney 

et al44

Metastatic disease with 0–2 lines of prior 

chemotherapy (n=88)

Eribulin + pembrolizumab 
vs pembrolizumab 
PFS: 4.1 vs 4.2 months; HR, 

0.80; 95% CI, 0.50–1.26; 

P=0.33 
ORR: 27% vs 34%; P=0.49

Grade ≥3 AEs reported in 65% of all patients 

Two treatment-related deaths in the combination 
group (attributed to both drugs), due to immune- 

related colitis in the setting of sepsis

Later therapy lines

Smith et al 

202061

Metastatic disease (2–5 prior 

chemotherapy regimens; n=58)

Eribulin (new biweekly 
schedule: days 1 and 15 of 
each 28-day cycle) 
ORR: 12% 

PFS: 3.6 months

Bi-weekly eribulin administration schedule showed 

similar safety and efficacy to the standard schedule 
(day 1 and 8 every 21 days)

Pivot et al 

201825

Subgroup analysis (metastatic 

disease second-line treatment setting; 
n=392)

Eribulin vs capecitabine 
OS: 16.1 vs 13.5 months 
(P=0.026)

OS was significantly longer with eribulin versus 

capecitabine

Twelves 
et al 201422

Pooled analysis (heavily pretreated locally 
recurrent/metastatic disease; n=1320)

Eribulin vs comparator 
OS: 15.2 vs 12.3 months 

(P=0.002)

OS was significantly longer with eribulin versus 
comparator 

OS was similar between treatment groups in patients 

with HER2-negative/HR+ disease

Twelves 

et al 201621

Subgroup analysis (heavily pretreated 

locally recurrent or metastatic disease; 
n= 755)

Eribulin vs capecitabine 
OS: 15.9 vs 13.5 months 
(P=0.003)

OS was significantly longer with eribulin versus 

capecitabine

Yuan et al 
201919

Subgroup analysis in heavily pretreated 
patients with locally recurrent/metastatic 

disease in China; n=399)

Eribulin vs vinorelbine 
PFS: HR, 0.76; 95% CI, 

0.60–0.96

PFS was favorable with eribulin versus vinorelbine

Inoue et al 

202045

Real world study in Japan in first- 

, second-, third- or later line therapy 

(n=637)

Eribulin 
OS: 15.6 months 

TTF 4.2 months

Eribulin in triple-negative disease

Twelves 

et al 201422

Pooled analysis in heavily pretreated 

locally recurrent/metastatic disease 
(n=428)

Eribulin vs comparator 
OS: 12.9 vs 8.2 (P=0.006)

OS was significantly longer with eribulin versus 

comparator

Twelves 
et al 201621

Subgroup analysis (heavily pretreated 
locally recurrent/metastatic disease; 

(n=284)

Eribulin vs capecitabine 
OS: 14.4 vs 9.4 months 

(P=0.006)

OS was significantly longer with eribulin versus 
capecitabine

Yuan et al 

201919

Subgroup analysis in heavily pretreated 

patients with locally recurrent/metastatic 

disease in China (n=132)

Eribulin vs vinorelbine 
PFS: HR, 0.70; 95% CI, 

0.47–1.03

PFS was favorable with eribulin versus vinorelbine

Abbreviations: AE, adverse event; CBR, clinical benefit rate; CI, confidence interval; CR, complete response; DOR, duration of response; HER2, human epidermal growth 
factor receptor 2; HR, hazard ratio; HR+, hormone receptor positive; MBC, metastatic breast cancer; NR, not reached; NS, not significant; ORR, overall response rate; OS, 
overall survival; PFS, progression-free survival; PR, partial response; TTF, time to treatment failure; TTP, time to progression.
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similar between treatment groups in patients with HER2- 
positive MBC.22

EMBRACE and E7389-G000-301 showed that eribulin 
was generally well-tolerated versus comparator agents 
(Table 3).17,18 In a pooled analysis of data from the 
Phase III studies, treatment emergent adverse events 
(TEAEs) occurred in 96.7% of patients receiving eribulin 
and 91.3% of patients in the comparator arms.23 The most 
common Grade 3/4 adverse events (AEs) were neutropenia 
(45.7%), leukopenia (14.0%), peripheral neuropathy 
(7.3%), asthenia (4.8%) and dyspnea (3.5%) in patients 
receiving eribulin; and palmar plantar erythrodysesthesia 
syndrome (10.4%), neutropenia (10.6%), asthenia (3.9%), 
diarrhea (4.0%) and dyspnea (3.8%) in those receiving the 
comparator treatments. Treatment discontinuation due to 

TEAEs occurred in 11.3% of patients receiving eribulin 
and 13.6% of those receiving comparator.23

Phase III Study of Eribulin in 
Recurrent/Metastatic Breast Cancer 
in China
A Phase III, open-label, randomized study conducted at 35 
treatment centers in China found eribulin to be an effective 
and relatively well-tolerated treatment option for women 
with previously treated advanced disease 
(NCT02225470).19 This study compared eribulin and vinor-
elbine in 530 women with locally recurrent/metastatic breast 
cancer who had received 2−5 prior chemotherapy regimens, 
at least two of which were for advanced disease and included 
an anthracycline and a taxane. Approximately 75% of 

Table 3 Treatment Emergent Adverse Events of Any Grade Occurring in >10% of Patients or Grade 3/4 Occurring in >2% of Patients 
in Phase III Clinical Trials (Pooled Data from Two Phase III Clinical Trials21,22) as Presented by Pivot et al27

Eribulin (n=932) Comparator (n=689)

Any grade Grade 3 Grade 4 Any Grade Grade 3 Grade 4

Any TEAE 901 (96.7) 361 (38.7) 258 (27.7) 629 (91.3) 248 (36.0) 76 (11.0)
Any serious TEAE 199 (21.4) 83 (8.9) 49 (5.3) 155 (22.5) 60 (8.7) 38 (5.5)

Any TEAE leading to discontinuation 105 (11.3) 49 (5.3) 10 (1.1) 94 (13.6) 43 (6.2) 17 (2.5)

Neutropenia 500 (53.6) 218 (23.4) 208 (22.3) 142 (20.6) 53 (7.7) 20 (2.9)
Alopecia 361 (38.7) 0 (0) 0 (0) 42 (6.1) 0 (0) 0 (0)

Nausea 268 (28.8) 7 (0.8) 0 (0) 176 (25.5) 13 (1.9) 0 (0)

Peripheral neuropathya 266 (28.5) 64 (6.9) 4 (0.4) 87 (12.6) 10 (1.5) 0 (0)
Leukopenia 255 (27.4) 113 (12.1) 18 (1.9) 74 (10.7) 21 (3.0) 3 (0.4)

Fatigue 221 (23.7) 24 (2.6) 3 (0.3) 116 (16.8) 23 (3.3) 1 (0.1)

Asthenia 203 (21.8) 45 (4.8) 0 (0) 122 (17.7) 27 (3.9) 0 (0)
Anemia 177 (19.0) 17 (1.8) 1 (0.1) 133 (19.3) 11 (1.6) 2 (0.3)

Pyrexia 161 (17.3) 3 (0.3) 0 (0) 56 (8.1) 4 (0.6) 0 (0)

Diarrhea 158 (17.0) 4 (0.4) 1 (0.1) 174 (25.3) 27 (3.9) 1 (0.1)
Constipation 154 (16.5) 3 (0.3) 0 (0) 89 (12.9) 3 (0.4) 0 (0)

Headache 148 (15.9) 5 (0.5) 0 (0) 73 (10.6) 0 (0) 2 (0.3)

Vomiting 146 (15.7) 5 (0.5) 2 (0.2) 119 (17.3) 11 (1.6) 0 (0)
Dyspnea 129 (13.8) 29 (3.1) 4 (0.4) 79 (11.5) 19 (2.8) 7 (1.0)

Back pain 124 (13.3) 9 (1.0) 2 (0.2) 49 (7.1) 5 (0.7) 1 (0.1)

Weight decreased 124 (13.3) 3 (0.3) 0 (0) 53 (7.7) 1 (0.1) 0 (0)
Cough 113 (12.1) 4 (0.4) 0 (0) 57 (8.3) 1 (0.1) 0 (0)

Arthralgia 106 (11.4) 5 (0.5) 1 (0.1) 34 (4.9) 3 (0.4) 0 (0)

Anorexia 101 (10.8) 2 (0.2) 0 (0) 32 (4.6) 3 (0.4) 0 (0)
Bone pain 97 (10.4) 15 (1.6) 0 (0) 57 (8.3) 6 (0.9) 0 (0)

Pain in extremity 94 (10.1) 8 (0.9) 0 (0) 47 (6.8) 5 (0.7) 0 (0)
Decreased appetite 73 (7.8) 2 (0.2) 0 (0) 70 (10.2) 7 (1.0) 0 (0)

ALT increased 60 (6.4) 23 (2.5) 0 (0) 20 (2.9) 2 (0.3) 0 (0)

Febrile neutropenia 32 (3.4) 22 (2.4) 9 (1.0) 9 (1.3) 4 (0.6) 5 (0.7)
Palmar-plantar erythrodysesthesia syndrome 8 (0.9) 2 (0.2) 0 (0) 240 (34.8) 72 (10.4) 0 (0)

Note: aPeripheral neuropathy combines the following preferred terms: peripheral neuropathy, neuropathy peripheral, neuropathy, peripheral motor neuropathy, poly-
neuropathy, peripheral sensory neuropathy, peripheral sensorimotor neuropathy, demyelinating polyneuropathy, and paraesthesia. 
Abbreviations: ALT, alanine transaminase; TEAE, treatment-emergent adverse event.
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Figure 2 Forest plot of hazard ratio for progression-free survival assessed by independent review, in an intent-to-treat population. Reprinted from Yuan P, Hu X, Sun T, et al. 
Eribulin mesilate versus vinorelbine in women with locally recurrent or metastatic breast cancer: a randomised clinical trial. Eur j Cancer. 2019;112:57–65. Copyright 2019, 
with permission from Elsevier. 19 

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; HER2/neu, human epidermal growth factor receptor 2; HR, 
hazard ratio; PR, progesterone receptor; ORR, overall response rate.
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patients in the study had HER2-negative disease and approxi-
mately 25% had TN disease.

The hazard ratio for progression-free survival (PFS, the 
primary endpoint) was shown a reduced risk of progres-
sion for patients receiving eribulin compared to those 
receiving vinorelbine, although the median PFS values 
for the two groups were identical (median PFS: 2.8 vs 
2.8 months; hazard ratio [HR], 0.80; 95% CI: 0.65–0.98, 
P=0.036, Table 1). However, in contrast to the global 
Phase III studies, no significant difference in OS (a sec-
ondary endpoint) was observed between the treatment 
groups (13.4 months with eribulin vs 12.5 months with 
vinorelbine)17,18 although the objective response rate 
(ORR) was significantly higher in the eribulin treatment 
group (30.7% vs 16.9%; P<0.001).

A summary of PFS across various subgroups is presented 
in Figure 2. Consistent with findings in the international 
trials, eribulin was associated with improved survival 

compared to vinorelbine in Chinese patients with HER2- 
negative (HR, 0.76; 95% CI: 0.60–0.96) or TN (HR, 0.70; 
95% CI: 0.47–1.03) breast cancer (Table 2).

Eribulin appeared to be better tolerated than vinorelbine, 
with no new safety signals observed.19 TEAEs leading to 
treatment discontinuation were less frequent with eribulin 
(7.2%) than with vinorelbine (14.0%) as were dose reductions, 
interruptions, or delays. Grade ≥3 TEAEs, which occurred in 
90.2% of patients treated with eribulin and in 88.3% of those 
receiving vinorelbine, were similar between treatment groups 
and the most common Grade 3/4 TEAEs are summarized in 
Figure 3. Peripheral neuropathy was uncommon in both treat-
ment arms and no patient receiving eribulin had Grade ≥3 per-
ipheral neuropathy.19 A subsequent single-center subgroup 
analysis of this study including 110 patients reported 
a significantly higher incidence of autonomic neuropathy 
among patients who received vinorelbine at weeks 2 and 10 
compared with those treated with eribulin. In addition, the 

Figure 3 Grade 3/4 treatment emergent adverse events occurring in Chinese patients treated with eribulin or vinorelbine for locally recurrent or metastatic breast cancer. 
Reproduced from Yuan P, Hu X, Sun T, et al. Eribulin mesilate versus vinorelbine in women with locally recurrent or metastatic breast cancer: a randomised clinical trial. Eur 
j Cancer. 2019;112:57–65. Copyright 2019, with permission from Elsevier. 19 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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onset of neurotoxicity appeared to occur earlier with vinorel-
bine compared with eribulin.20

The findings of this trial supported the recent approval of 
eribulin in China in 2019.26 The approved clinical indication for 
eribulin in China is for patients with locally advanced/metastatic 
breast cancer after treatment failure with at least two chemother-
apy regimens, including an anthracycline and a taxane.

Eribulin in a Real-World Treatment 
Setting
Further data on the real-world clinical efficacy and safety 
of eribulin in Asian patients are available from a Japanese 

post-marketing observational study.27 This study included 
951 evaluable patients with inoperable or recurrent breast 
cancer receiving eribulin in the first-line treatment setting. 
Approximately 74% of patients had HER2-negative dis-
ease and 18% had TN disease. The ORR was 16.5% (95% 
CI: 13.7–19.4), which is similar to the rates achieved in 
the international studies but lower than those achieved in 
the Chinese Phase III study (ORR, 30.7%).

The incidence of adverse drug reactions (ADRs) in the 
Japanese post-marketing study was 88.4%, and the most 
common events (neutropenia, leukopenia, and lymphope-
nia) were similar to the most common AEs reported in the 
Phase III trials (Table 4).

Table 4 Summary of Real-World Experience with Eribulin in Patients with MBC

Study Patients Efficacy Safety

Japanese post- 
marketing 

observational 

study27

951 evaluable patients with inoperable or 
recurrent breast cancer receiving 1st-line 

eribulin

● ORR: 16.5% (95% CI: 13.7–19.4)
● TTF: 127 days (95% CI: 120–134)

Grade ≥3 ADRs (>5% incidence)
● Neutropenia, 59.8%
● Leukopenia, 50.5%
● Lymphopenia, 16.1%
● Febrile neutropenia, 7.7%

French multi- 
center, 

retrospective 

real-life database 
study28

16,703 patients with MBC, a proportion of 
whom received eribulin as a second- 

(n=354), third- (647) or fourth-line (480) 

treatment

PFS, 3rd-line setting
● Eribulin 4.1mo
● Other treatments 3.0 mo

P=0.001
PFS, 4th-line setting

● Eribulin 3.6 mo
● Other treatments 2.5 mo

P=0.010
OS, 3rd-line setting

● Eribulin 11.3 mo
● Other treatments 7.7 mo

P<0.001
PFS, 4th-line setting

● Eribulin 10.9 mo
● Other treatments 6.0 mo

P<0.001

Southeast 
Netherlands 

Advanced Breast 

Cancer Registry29

45 patients received eribulin according to 
its registration criteria 

45 matched patients eligible for eribulin but 

received non-eribulin chemotherapy

Median PFS
● Eribulin: 3.5 mo (95% CI: 2.7–5.5)
● Non-eribulin: 3.2 mo (95% CI: 

2.0–4.8)
Adjusted HR: 0.83, 95% 

CI: 0.49–1.38.
Median OS

● Eribulin: 5.9 mo (95% CI: 
4.6–11.0)

● Non-eribulin: 5.2 mo (95% 
CI: 4.6–9.5)

Adjusted HR: 0.66, 95% 
CI: 0.38–1.13.

● 31% of patients receiving eribulin 

required dose delay or reduction.
● Leukopenia and neutropenia were 

the most common reason leading 

to delay or reduction in dose (n=6, 
13% each)

Abbreviations: ADR, adverse drug reaction; HR, hazard ratio; MBC, metastatic breast cancer; mo, months; ORR, objective response rate; OS, overall survival; PFS, 
progression-free survival; TTF, time to treatment failure.
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Additional real-world evidence with eribulin has been 
derived from the national observational ESME program, 
a French multi-center, retrospective real-life database 
incorporating data from 18 French Comprehensive 
Cancer Centers.28 This real-life study included a total of 
16,703 patients with MBC, a proportion of whom received 
eribulin as a second- (n=354), third- (647) or fourth-line 
(480) treatment. In the second-line setting, there was no 
significant difference in PFS between eribulin and other 
chemotherapies; however, PFS and OS were significantly 
longer in patients receiving eribulin in the third- and 
fourth-line settings compared to treatment with “other 
chemotherapies (Table 4).” In a subgroup analysis of 
patients with HER2-negative disease in the second-line 
setting, both PFS and OS were significantly improved 
among those patients receiving eribulin compared to 
“other treatments” (PFS: 4.6 months vs 3.9 months, 
P=0.038; OS: 15.0 months vs 10.5 months, P=0.011).28

A registry study from the Netherlands Advanced 
Breast Cancer Group has compared clinical outcomes in 
45 patients with advanced breast cancer who received 
eribulin and 45 matched patients who were eligible for 
eribulin therapy but who received a different chemother-
apy (most frequently capecitabine, vinorelbine, or non- 
pegylated liposomal doxorubicin).29 There was no differ-
ence in PFS or OS between these populations, and eribulin 
was considered to have a manageable toxicity profile 
(Table 2). On multivariate analyses, compared to patients 
with HER2-positive disease (the reference group), the 
presence of triple-negative disease and CNS metastases 
was significantly associated with reduced PFS and OS. 
These data suggest that eribulin may be considered as 
a treatment option for patients with advanced breast 
cancer.

Efficacy of Eribulin in Specific Breast 
Cancer Subtypes
Preclinical and mechanistic studies indicate that eribulin 
may provide a clinical benefit for specific patient groups, 
including those with disease resistant to taxane therapy. 
Data from Phase III trials in patients who had received 
prior anthracycline and taxane therapy support the use of 
eribulin in this patient population, as do Phase II studies 
with eribulin alone or in combination with other agents in 
the first-and later-line settings. The results of studies in 
patients with HER2-positive, HER2-negative and TN dis-
ease are summarized in Table 2.

Eribulin in HER2-Positive Metastatic 
Breast Cancer
Phase II trials in patients with HER2-positive, locally 
recurrent or metastatic breast cancer have shown that first- 
line combination therapy with eribulin plus trastuzumab 
achieves a high ORR (54–80%) (Table 2).30–33 In 
a prespecified analysis of one of these studies, prior tras-
tuzumab use in the neoadjuvant or adjuvant setting did not 
appear to affect the response to eribulin plus trastuzumab 
in patients with metastatic disease.32 However, outcomes 
of eribulin therapy (ORR and PFS) were generally poorer 
in patients who had received prior anthracycline and/or 
taxane therapy than in those who were anthracycline- and 
taxane-naïve.31 Overall, the combination of eribulin with 
anti-HER2 therapies was generally well tolerated. The 
outcomes from several other Phase II studies in patients 
with HER2-positive breast cancer are summarized in 
Table 2.34,35 When comparing these outcomes in HER2- 
positive patients with the results from the Global and 
Chinese Phase III trials of eribulin, it should be noted 
that patients with HER2-positive disease included in the 
Phase III trials did not receive HER2-targeted 
therapy.17–19 The combination of eribulin with pertuzu-
mab and trastuzumab is also being compared with pacli-
taxel or docetaxel plus pertuzumab/trastuzumab in an on- 
going Phase III trial in the first-line treatment setting 
(patients could have received prior ado-trastuzumab- 
emtansine; NCT03264547).36

Eribulin in HER2-Negative Metastatic 
Breast Cancer
The data summarized in the following sections refer to 
patients who were HER2- but not triple negative.

Neo-Adjuvant Treatment
The clinical benefit of eribulin in the neoadjuvant setting 
in patients with HER2-negative, locally advanced breast 
cancer has been evaluated in Phase II feasibility 
studies.37,38 Neoadjuvant eribulin followed by doxorubicin 
and cyclophosphamide (AC) was compared with weekly 
paclitaxel in patients with HER2-negative locally 
advanced breast cancer. Patients were randomized (1:2) 
to receive either paclitaxel (n=19) for 12 treatments or 
eribulin (n=31) every 3 weeks for 4 cycles followed by 
AC every 3 weeks for 4 cycles before surgery. Although 
eribulin was well tolerated in this treatment setting, the 
pathological compete response (pCR) rate was similar to 
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that achieved with weekly paclitaxel (17% vs 26%).37 

Another randomized Phase II study compared neoadjuvant 
eribulin/cyclophosphamide versus docetaxel/cyclopho-
sphamide in women with operable HER2-negative breast 
cancer. Patients were randomized 2:1 to receive either 
eribulin on days 1 and 8 plus cyclophosphamide on day 
1 (n=44) or docetaxel plus cyclophosphamide on day 1 
(n=22) administered every 21 days for 6 cycles, followed 
by surgery. Both regimens produced similar pCR rates 
(13% and 9%, respectively) with no difference in efficacy 
between the two regimens, and there was no evidence of 
improved efficacy with eribulin/cyclophosphamide versus 
docetaxel/cyclophosphamide.38

In on-going studies in the neoadjuvant treatment set-
ting, eribulin with sequential 5-fluorouracil/doxorubicin/ 
cyclophosphamide is being compared with paclitaxel plus 
sequential 5-fluorouracil/epirubicin/cyclophosphamide in 
patients with HER2-negative early-stage breast cancer 
(NCT01593020), eribulin followed by doxorubicin/cyclo-
phosphamide is being evaluated in patients with HER2- 
negative inflammatory breast cancer (NCT02623972), and 
eribulin plus carboplatin is being investigated in patients 
with stage I–III TNBC (NCT01372579). The findings of 
these trials will help to more clearly determine if eribulin 
has a role to play in the pre-operative treatment setting for 
women with operable breast cancer.

Eribulin as First-Line Systemic Treatment
Eribulin has shown promising activity as a first-line ther-
apy in patients with HER2-negative MBC in Phase II 
studies, with ORRs ranging between approximately 20% 
and 54%, and with median PFS/time-to-progression (TTP) 
ranging from 4.1 to 6.8 months (Table 2).31,39–43 One of 
these studies included a prespecified analysis of efficacy 
by prior anthracycline and/or taxane use and found that 
eribulin had similar clinical activity in patients who were 
chemotherapy-naïve and those who had received prior 
therapy.31 ORR and median PFS were 25.9% and 5.8 
months among patients who had received prior anthracy-
cline, 26.9% and 5.8 months among patients who had 
received prior taxane, 25.0% and 6.7 months among 
patients who had received both anthracycline and taxane, 
and 30.4% and 7.6 months among patients who were 
anthracycline- and taxane-naïve.31

A Phase II study has assessed treatment with eribulin 
alone or in combination with pembrolizumab in 88 
patients with hormone receptor positive, HER2-negative 
MBC.44 Patients were required to have received ≥2 lines 

of hormonal therapy and ≤2 lines of chemotherapy. 
Median PFS was 4.1 months and 4.2 months in the com-
bination and monotherapy arms (HR, 0.80; 95% CI: 0.-
50–1.26; P=0.30) and the ORR was 27% versus 34%, 
respectively. In this study, the addition of pembrolizumab 
to eribulin did not extend PFS or improve ORR.44

Eribulin as Later-Line Systemic Treatment
Subgroup and pooled analyses of the Phase III trials of 
eribulin suggest that eribulin treatment leads to signifi-
cantly better survival outcomes than comparator agents 
(TPC, capecitabine or vinorelbine) in patients with 
HER2-negative disease.19,21,22,25 For example, patients 
with HER2-negative disease in the Chinese Phase III 
study (n=399) had improved PFS with eribulin compared 
with vinorelbine.19 Prolonged survival with eribulin was 
also seen in this patient subgroup in a Japanese real- 
world analysis; median OS was 15.6 months in 637 
patients with HER2-negative disease receiving eribulin 
as first-, second-, third-, or later-line therapy.45 In addi-
tion, results from a Phase I trial of combination therapy 
with eribulin plus balixafortide in 54 patients with heav-
ily pretreated HER2-negative disease showed promising 
results with an ORR of 30%.46 An ongoing Phase III 
trial is further investigating this combination in HER2- 
negative patients with locally recurrent or metastatic 
breast cancer (NCT03786094).

Eribulin in Triple-Negative Metastatic 
Breast Cancer
Subgroup analyses of patients with TN MBC included in the 
international and Chinese Phase III studies of eribulin 
showed that patients who received eribulin had significantly 
better survival outcomes than those assigned to comparator 
agents including TPC, capecitabine or vinorelbine.19,21,22 

Approximately 23% of patients enrolled in the international 
Phase III clinical trials had TN disease (eribulin, n=243 
[22.9%]; control, n=185 [23.1%]).22 In a pooled analysis 
of these two trials, eribulin was associated with significantly 
improved OS versus comparator (12.9 months vs 8.2 
months; P=0.006). The subgroup analysis of the Chinese 
trial, which included 132 patients with TN disease, also 
showed that PFS was improved with eribulin versus vinor-
elbine (HR, 0.70; 95% CI: 0.47–1.03).

Data from prospective clinical trials of eribulin in 
patients with TN disease are limited at present. Two Phase 
I/II trials that compared eribulin in combination with either 
everolimus or olaparib have shown promising results, and 
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trials of other treatment combinations are ongoing (Table 4). 
In a Phase I study including 25 patients with heavily pre-
treated TN breast cancer, eribulin plus everolimus showed 
modest activity (partial response rate, 36%; TTP, 2.6 
months; median OS, 8.3 months).47 A Phase I/II trial of 
eribulin plus olaparib that included 24 Japanese patients 
with TN breast cancer previously treated with anthracyclines 
and taxanes reported a response rate of 29.2%, and median 
PFS and OS of 4.2 and 14.5 months, respectively.48

Predictors of Eribulin Efficacy
Various studies have sought to identify predictors of eri-
bulin efficacy in patients with MBC. Tumor infiltrating 
lymphocytes (TILs) were identified as an independent 
indicator of outcome in patients with TNBC.49 Patients 
with higher numbers of TILs had significantly longer PFS 
than patients with lower TIL numbers. Neutrophil-to- 
lymphocyte ratio (NLR), a marker of systemic immunity, 
was significantly associated with PFS in eribulin-treated 
patients but not in those treated with nab-paclitaxel in 
a single-institute retrospective study in patients with 
MBC.50 Median PFS in patients with a baseline NLR <3 
was significantly longer than PFS in patients with 
a baseline NLR ≥3 (242 days vs 98 days; HR, 0.37; 95% 
CI: 0.18–0.71). High absolute lymphocyte counts (ALC) 
have been associated with prolonged survival in patients 
with MBC treated with eribulin, but not TPC in patients 
enrolled in the EMBRACE trial.51 OS was prolonged with 
eribulin vs TPC in patients with baseline ALC ≥1500/µL 
(HR, 0.59; 95% CI: 0.437–0.784; P<0.001). However, 
there was no significant difference by treatment in patients 
with ALC <1500/µL.

Guideline Updates and Current 
Treatment Approaches in China
The improved survival outcomes and tolerability of eribu-
lin compared with vinorelbine reported by the Chinese 
Phase III trial have supported the first approval of eribulin 
in China for women with locally advanced/metastatic 
breast cancer. In addition, in the most recent Chinese 
Society of Clinical Oncology (CSCO) breast cancer guide-
lines, eribulin has been given a Grade 2B recommendation 
as first-line rescue therapy for patients with HER2- 
negative disease after treatment failure with anthracyclines 
and paclitaxel. In addition, the Chinese Anti-Cancer 
Association Breast Cancer Diagnosis and Treatment 
Guidelines (2019) cites eribulin as a commonly used 

single agent chemotherapy for recurrent/metastatic breast 
cancer.52 Other single agents recommended in the same 
setting include capecitabine, vinorelbine, gemcitabine (all 
Grade 2A) albumin-bound paclitaxel and etoposide (both 
Grade 2B).53

Several Phase III trials of eribulin have shown that 
patients with HER2-negative breast cancer respond well 
to eribulin, with significantly improved survival outcomes 
versus TPC and vinorelbine. These trials included patients 
whose disease had progressed after prior anthracycline and 
taxane therapy, suggesting that eribulin can bypass 

Table 5 Ongoing Phase II and III Studies of Eribulin Combination 
Therapy in Patients with Locally Advanced/Metastatic Breast 
Cancer (ClinicalTrials.gov, Accessed July 2, 2020)

Trial Phase 
(Primary 
Completion 
Date)

Patient Group 
(ClinicalTrials.gov 
ID)

Eribulin + 

balixafortide

3 (March 2021) HER2-negative locally 

recurrent/MBC 
(NCT03786094)

Eribulin + 
pertuzumab + 

trastuzumab vs 

paclitaxel/docetaxel + 
pertuzumab + 

trastuzumab

3 (April 2022) HER2-positive 
advanced/recurrent BC 

(no prior history of 

chemotherapy except 
ado-trastuzumab 

emtansine; 

NCT03264547)

Eribulin + 

pembrolizumab

2 (August 2020) HR-positive MBC 

(NCT03051659)

Eribulin + 

pembrolizumab

2 (October 2018/ 

2020)

HR-positive/HER2- 

negative MBC 
(NCT03222856)

Eribulin + endocrine 
therapy

2 (May 2021) Locally recurrent/ 
metastatic BC 

(NCT03795012)

Eribulin + nivolumab 2 (Sept 2020) HER2-negative MBC 

(NCT04061863)

Eribulin + 

atezolizumab + 

cobimetinib

2 (August 2020) Recurrent/metastatic 

inflammatory BC 

(NCT03202316)

Camrelizumab + 

apatinib + eribulin

2 

(December 2022)

Advanced TN BC 

(NCT04303741)

Eribulin + copanlisib 1/2 (March 2021) Metastatic TN BC 

(NCT04345913)

Abbreviations: BC, Breast cancer; HER2, human epidermal growth factor recep-
tor 2; HR, hormone receptor; MBC, metastatic breast cancer; TN, triple negative.
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resistance mechanisms that prevent activity with other 
agents. These findings align with preclinical studies indi-
cating that eribulin has a mechanism of action distinct 
from other microtubule inhibitors such as taxanes and 
vinca alkaloids. In the future, the unique mechanism of 
action of eribulin coupled with its clinical efficacy/safety 
profile may permit wider use of this agent in patients who 
would otherwise be considered for standard taxane treat-
ment. In addition, there are multiple on-going Phase II and 
III studies investigating eribulin combination regimens, 
and these are summarized in Table 5.

Decisions regarding treatment with eribulin should take 
account of the toxicity profiles of approved agents. 
Eribulin appeared to be better tolerated than vinorelbine 
in the Chinese Phase III trial.19 In particular, TEAEs lead-
ing to treatment discontinuation were less frequent with 
eribulin compared with vinorelbine, as were dose reduc-
tions, interruptions, or delays.

Peripheral neuropathy is the most common dose- 
limiting side effect associated with microtubule-targeted 
agents. However, preclinical54–56 and clinical data support 
an improved profile of peripheral neuropathy with eribu-
lin. Studies conducted in mice have shown that eribulin 
has less neurotoxic impact compared to paclitaxel and 
ixabepilone.54–56 In a comparative Phase II study in 
patients with MBC, time to onset of neuropathy was 
35.9 weeks with eribulin and 11.6 weeks with ixabepilone; 
and time to resolution was 48 versus 10 weeks, respec-
tively. In addition, the incidence of neuropathy and per-
ipheral neuropathy associated with eribulin and 
ixabepilone were 33.3% versus 48.0% and 31.4% versus 
44.0%, respectively (P=NS).57 Furthermore, peripheral 
neuropathy was uncommon among patients receiving eri-
bulin in the Chinese Phase III study,19 and vinorelbine was 
associated with a significantly higher incidence of auto-
nomic neuropathy compared with eribulin, and was also 
associated with an earlier onset of neurotoxicity in 
a subgroup analysis from this study.20 A randomized, 
multicenter trial including 118 patients with HER2- 
negative MBC showed that the incidence of neurotoxicity 
associated with eribulin was significantly lower than for 
paclitaxel (both given in combination with gemcitabine). 
In this study, the incidence of Grade ≥2 neurotoxicity was 
13.6% with the eribulin regimen versus 45.8% for pacli-
taxel (P<0.001).43 The ongoing Phase IV PAINTER study 
will evaluate the safety profile of eribulin in patients with 
MBC, with a particular focus on identifying patients at 
risk of developing neuropathy. An association with 

a single nucleotide polymorphism and toxicity is being 
investigated, and results are awaited with interest 
(NCT02864030).

Conclusions and Future Directions
The need for effective treatment options for women diag-
nosed with MBC in China remains unmet. Currently avail-
able therapies are largely palliative and the 5-year OS rates 
for patients with stage I, II, III, and IV diseases are 96.5%, 
91.6%, 74.8%, and 40.7%.58 Improving outcomes for 
patients with different subtypes of MBC using novel stra-
tegies that prolong survival and enhance quality of life 
after a diagnosis of metastatic disease is critical.

Eribulin is a new addition to the treatment armamen-
tarium for MBC in China. It was approved in 2019 for 
patients with locally advanced/metastatic breast cancer 
after treatment failure with at least two chemotherapy 
regimens, including an anthracycline and a taxane. In the 
Phase III EMBRACE study, eribulin was found to improve 
OS compared with treatment of physicians’ choice in 
patients with locally recurrent/metastatic disease that had 
progressed following prior taxane and anthracycline ther-
apy. Its efficacy in the Asian population was subsequently 
confirmed in a Phase III clinical trial conducted in China19 

and in the real-world treatment setting in Japan.27 

Consistent with findings from international studies, survi-
val was better in patients in China with HER2-negative or 
TN breast cancer who received eribulin than in those given 
vinorelbine.19 Evidence Blocks from the National 
Comprehensive Cancer Network (NCCN) for 2020 pro-
vide a visual representation of the key measures of oncol-
ogy therapies, allowing health care providers and patients 
to make informed decisions regarding treatment 
choices.59,60 The evidence block scores for eribulin are 
4/5 for efficacy, indicating that the agent is considered 
very effective (cure unlikely but sometimes provides 
a long-term survival advantage), similar to the efficacy 
evidence scores for doxorubicin and paclitaxel. Coupled 
with clinical activity, the improved safety and tolerance of 
eribulin compared with vinorelbine and other agents 
(described above) indicate that eribulin may be 
a preferred option for use after taxanes and anthracyclines.

In China, combination therapy is more widely used 
than single agent therapy in the MBC treatment setting. 
Agents such as eribulin that have well-characterized and 
favorable tolerability profiles are advantageous in combi-
nation therapy regimens. Preliminary data from Phase II 
studies indicate that eribulin may be safely combined with 
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various agents including everolimus or olaparib in patients 
with TNBC,47,48 and gemcitabine in patients with HER2- 
negative MBC.43 Indeed, eribulin/gemcitabine combina-
tion therapy was associated with significantly less neuro-
toxicity versus taxane/gemcitabine in a randomized, 
multicenter trial in patients with HER2-negative breast 
cancer.43 Eribulin is also being investigated as part of 
a triple therapy regimen with trastuzumab and pertuzumab 
in an on-going Phase III trial in the first-line treatment 
setting in patients with HER2-positive disease 
(NCT03264547). Other investigational eribulin combina-
tions include nivolumab, pembrolizumab and atezolizu-
mab (Table 5). The efficacy and safety of eribulin in 
combination with camrelizumab + apatinib in patients 
with TNBC is currently being investigated in a Chinese 
study (NCT04303741).

It is hoped that the findings from these on-going trials 
will help to direct approaches to combination therapy with 
eribulin, and will lead to improved clinical efficacy and 
a good safety profile. Predictors of clinical response to 
eribulin that have been identified so far include TILs, 
NLR, and ALC. On-going research in China is also focus-
ing on identifying predictors of response to eribulin in 
Chinese patients with MBC.

Overall, eribulin appears to be a very promising drug 
that carries hope for millions of patients with breast cancer 
in China, especially those with late-stage metastasis, and 
across the various MBC disease subtypes including HER2- 
negative, HER2-positive, and TN disease. Expanded com-
bination treatment strategies incorporating eribulin may 
provide increased opportunities for prolonged survival 
and improved patient quality of life.
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