
Abstract. Background/Aim: This study aimed to investigate
the progression type of metastatic breast cancer (MBC) in
patients undergoing eribulin chemotherapy. Materials and
Methods: We retrospectively investigated the cases of 66
consecutive patients with MBC who underwent eribulin
chemotherapy. Results: A total of 15 patients (22.7%) received
eribulin as a 3rd-line or later treatment, and 17 (25.8%)
received eribulin as a 1st-line treatment. The overall response
was complete response in 0 (0%), partial response in 15
(22.7%), stable disease in 27 (40.9%), and progressive disease
in 24 (36.4%) patients. By the time of data cut-off, time to
treatment failure (TTF) events had been observed in 60 patients
(90.9%), among whom, 15 (25%) had disease progression due
to NM, and 45 (75%) had disease progression due to PL. In the
regimen before eribulin administration, among 49 patients, 24
(49.0%) had disease progression due to NM. Luminal-type
patients and those with triple-negative breast cancer exhibited
a similar tendency, i.e., the rate of NM was lower in the patients
treated with eribulin. The rate of NM was lower in the patients
treated with eribulin in the 1st-line setting than that in patients
treated with eribulin as a later treatment. Conclusion: Eribulin
has a potential antitumor mechanism to prevent new metastasis.
Eribulin may be effective against both the epithelial-
mesenchymal transition (EMT) process and new metastasis.

Breast cancer (BC) is the most frequently diagnosed
malignant disease among women and one of the most
common causes of cancer-related death (1). Several

treatments are available for patients with metastatic breast
cancer (MBC), but there is no cure for MBC. The overall
survival (OS) of patients with MBC has improved recently,
and a great need exists for treatments that further improve
the OS of patients with MBC. 

Eribulin is a novel microtubule target agent that is used in
the treatment of MBC (2, 3). The EMBRACE clinical trial
showed a survival advantage for patients who had received
between two and five previous chemotherapy regimens,
including an anthracycline and a taxane, with MBC who
were treated with eribulin, compared with treatment of
physician’s choice (TPC) (3-5). In that trial, there was a
significant improvement in the OS of eribulin-treated
patients compared to those treated with TPC (4).
Interestingly, two different MBC clinical trials including the
EMBRACE trial have suggested that eribulin has more
pronounced effects on OS compared to progression-free
survival (PFS) (3-7). One possible explanation for this
clinical observation is that eribulin may suppress the
incidence of new metastasis (NM) (6). 

The concepts of progression due to pre-existing lesions
(PLs) and progression due to new metastasis were recently
proposed to differentiate the progression type of treatment-
resistant cancers (6). We conducted the present study to
investigate the progression type of MBC in patients
undergoing eribulin chemotherapy. 

Patients and Methods
Patients.We retrospectively investigated the cases of 66 consecutive
patients with MBC who underwent eribulin chemotherapy at Gunma
University Hospital between December 2011 and July 2017.
Patients with incomplete clinical information and male patients were
excluded. There were no exclusions based on age or menopausal
status. Using the patients’ medical records, we collected the
characteristics of the primary tumors and metastatic tumors
including the estrogen receptor (ER) and progesterone receptor
(PgR) expression status, the human epidermal growth factor
receptor 2 (HER2) score, and the molecular subtypes (luminal,
luminal-HER2, HER2-enriched, and triple-negative breast cancer
(TN). Metastatic sites including lymph nodes and distant organs
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were also recorded and analyzed. Written consent for the use of
their records and imaging in future studies was obtained from all
patients, and the study was approved by our Clinical Ethics
Committee (No. 1297).

Treatment. The treatment consisted of monotherapy with intravenous
eribulin, which was administered at a dose of 1.4 mg/m2 body surface
on days 1 and 8 of the subsequent cycles, every 3 weeks. This
regimen was continued until the occurrence of progressive disease
(PD), as assessed by the investigator using the RECIST criteria, or
the appearance of unmanageable toxicity, or the patient’s withdrawal
from treatment. Any concomitant medication could be given at the
discretion of the investigator if it was considered necessary for the
patient’s welfare and was not expected to interfere with the evaluation
of the study treatment.

Assessments and statistical analyses. We assessed the objective
response rate (ORR) by using the RECIST criteria. The ORR was
defined as the proportion of all patients with a complete response
(CR) or a partial response (PR). Each CR and PR required
confirmation ≥4 weeks after first being reported. A pre-existing
lesion (PL) was defined as PD by progression due to pre-existing
lesions and does not involve metastasis. The NM status was defined
as PD due to metastasis to other organs. We compared between
patients treated with eribulin and patients who treated with regimen
before eribulin administration. To compare two groups, we used
Fisher’s exact test or the χ2 test with Yates’ correction or a one-way
analysis of variance (ANOVA). Differences were considered
significant when p<0.05. 

Results
A total of 66 patients that received at least one dose of
eribulin were included in the analysis. Table I summarizes
the patients’ characteristics. The median age was 54.0 years
(range=35-80 years). The analysis of the molecular subtypes
indicated that 43 (65.2%) were luminal type, three (4.5%)
were luminal-HER2, three (4.5%) were HER2-enriched, and
17 (25.8%) were TN. The common sites of metastasis were
as follows; liver (n=38, 57.6%), lung (n=35, 53.0%), bone
(n=29, 43.9%), lymph nodes (n=19, 28.8%), and brain
(n=13, 19.7%). The median number of previous
chemotherapy regimens was 1 (range=0-6). 

A total of 31 (47.0%) received eribulin as a 3rd-line or
later treatment, and 17 (25.8%) received eribulin as a 1st-
line treatment. The median course of eribulin treatment was
7.5 (range=2-21) courses. The overall response was CR in
0 (0%), PR in 15 (22.7%), SD in 27 (40.9%), and PD in 24
(36.4%) patients. By the time of the data cut-off, time to
treatment failure (TTF) events had been observed in 60 of
the 66 patients (90.9%). Among these 60 patients, 15
patients (25%) had disease progression due to NM, and 45
patients (75%) had disease progression due to PL. In
contrast, in the regimen before eribulin administration,
among 49 patients (other than the 17 patients with 1st-line-
eribulin), 24 (49.0%) had disease progression due to NM
(Figure 1).    

In the group of 43 luminal-type patients, a total of 10
(23.3%) received eribulin as a 3rd-line or later treatment, and
11 (25.6%) received eribulin as a 1st-line treatment. The
median course of eribulin treatment was 8.5 courses
(range=2-15 courses). By the time of the data cut-off, TTF
events had been observed in 37 patients (86.0%), among
whom eight patients (21.6%) had disease progression due to
NM, and 29 patients (78.4%) had disease progression due to
PL. In contrast, in the regimen before eribulin
administration, among 32 patients (other than the 11 eribulin
1st-line patients), 14 (43.8%) had disease progression due to
NM (Figure 2a). 

In the group of 17 patients with TN, three (17.6%)
received eribulin as a 3rd-line or later treatment and five
(29.4%) received eribulin as a 1st-line treatment. The median
course of eribulin treatment was 5.5 courses (range=2-21
courses). By the time of the data cut-off, TTF events had
been observed in all 17 patients. Among the 17 patients, five
(29.4%) had disease progression due to NM, and 12 patients
(70.6%) had disease progression due to PL. In the regimen
before eribulin administration, among 12 patients (other than
the five eribulin 1st-line patients), nine (75.0%) had disease
progression due to NM (Figure 2b).

The characteristics of the patients in the three treatment
settings are summarized in Table II. In the 1st-line setting,
among 13 patients, only one (7.7%) had disease progression
due to NM. In the 2nd-line setting, among 16 patients, five
(31.3%) had disease progression due to NM. In the 3rd-line
or later treatment, among 31 patients, eight (25.8%) had
disease progression due to NM (Figure 3).   
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Table I. Characteristics of patients treated with eribulin (n=66).

Age median (range), (years)                                   54 (35-80)
Metastatic lesion, (n)                                                       
  1                                                                                   13
  2                                                                                   25
  3<                                                                                 28
Subtype, (n)                                                                      
  Luminal                                                                       43
  Luminal-HER2                                                             3
  HER2-enriched                                                            3
  Triple negative                                                            17
Metastatic sites, (n)                                                         
  Liver                                                                            38
  Lung                                                                            35
  Bone                                                                            29
Lymph node                                                                   19
  Brain                                                                            13
  Local lesion                                                                  3
  Other                                                                            14
Priory chemotherapy, (n)                                                 
  0                                                                                   17
  1                                                                                   18
  2<                                                                                 31



Discussion

Eribulin has provided a significant improvement in the
overall survival of patients with MBC (4). Interestingly,
eribulin has shown more pronounced effects on OS
compared to PFS (4-7). Some research groups have reported
that eribulin has additional antitumor mechanisms beyond its
established antimitotic activity. One possible explanation for
this clinical observation is that eribulin may suppress the
incidence of new metastases (6). The key observations of the
present study can be summarized as follows: 1) the rate of
disease progression due to NM was lower in patients treated
with eribulin (25.0%) than that in patients treated before
eribulin administration (49.0%); 2) luminal-type and TN
patients exhibited a similar tendency, i.e., the rate of NM was
lower in the patients treated with eribulin; and 3) the rate of
NM was lower in the patients treated with eribulin in the 1st-
line setting compared to the rate in patients treated with
eribulin as a later treatment. Our results suggest that eribulin
has a potential antitumor mechanism to prevent new
metastases.  

The epithelial-mesenchymal transition (EMT) is considered
a crucial process in tumor progression and metastasis (8-12).
The EMT has been shown to have critical roles in both tumor
invasion and metastasis. During the EMT, the gene signature
and phenotype of epithelial cells change in such a way that
they adopt mesenchymal characteristics that have been
implicated in enhanced tumor invasion and metastasis, and a
shift toward stem cell phenotypes (3, 11). Preclinical studies
have indicated that eribulin treatment makes render residual

tumors less likely to metastasize by triggering a shift from
mesenchymal to epithelial phenotypes via a reversal of the
EMT state to the mesenchymal-epithelial transition (MET)
state (10, 12). These specific characters of eribulin on the
EMT-MET balance may be associated with progression due to
new metastasis (6). 
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Figure 1. The rate of new metastasis (NM) in disease progression.
Among 60 patients treated with eribulin, 15 patients (25%) had disease
progression due to NM, and 45 patients (75%) had disease progression
due to pre-existing lesion (PL). In contrast, in the regimen before
eribulin administration, among 49 patients (other than the 17 patients
with 1st-line-eribulin), 24 (49.0%) had disease progression due to NM.
The rate of NM was higher in patients treated with elibulin compared
to those treated before eribulin (p<0.05).

Figure 2. The rate of new metastasis (NM) in disease progression in
subgroups. a. The rate of new metastasis (NM) in disease progression
in patients with luminal-type breast cancer. Among 37 patients treated
with eribulin, eight patients (21.6%) had disease progression due to
NM, and 29 patients (78.4%) had disease progression due to PL. In
contrast, in the regimen before eribulin administration, among 32
patients (other than the 11 eribulin 1st-line patients), 14 (43.8%) had
disease progression due to NM. b. The rate of new metastasis (NM) in
disease progression in patients with triple negative breast cancer.
Among the 17 patients with disease progression, five (29.4%) had
disease progression due to NM, and 12 patients (70.6%) had disease
progression due to PL. In the regimen before eribulin administration,
among 12 patients (other than the five eribulin 1st-line patients), nine
(75.0%) had disease progression due to NM.



Progression due to NM has been shown to be associated
with significantly worse overall survival in patients with
MBC (6). Our present findings support the hypothesis that
eribulin contributes to the prevention of new metastases.

In clinical trials of patients with late-stage MBC, eribulin
has shown trends towards greater OS compared to PFS (4-
7). The authors of Study 301 and Study 305/EMBRACE
reported that approximately one-third of their patients
developed new metastases and over one-quarter experienced
progression due to the growth of pre-existing lesions (4-7).
In the present retrospective study, among the patients treated
with eribulin as the 1st-line therapy, only one patient had
disease progression due to NM, and in the later treatment
settings, less patients had disease progression due to NM.
Our results thus suggest that eribulin may be effective for
preventing new metastases even in early-phase treatment. On
the other hand, eribulin may remodel aspects of the tumor
microenvironment (such as the EMT), which may improve
its antitumor activity and may also potentially impact the
effects of concomitant or subsequent anticancer therapies.

This study has several limitations. It was a retrospective
analysis, and the number of cases was relatively small (n=66).
Additional research is needed to explore the hypothesis that
eribulin prevents new metastases in metastatic breast cancer.
However, few real-world experiences with eribulin treatment
have been reported (13), and to the best of our knowledge this
is the first report to describe an additional role of eribulin in
real-world breast cancer treatment.

In conclusion, the results of our analyses demonstrated
that eribulin has a potential antitumor mechanism to prevent
new metastases in patients with metastatic breast cancer.
Eribulin may affect the EMT-MET balance and progressive

disease due to new metastasis or pre-existing lesion
progression. Analyses from large randomized trials are
warranted to evaluate the relationship between eribulin
treatment and new metastasis.
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