
Abstract. Background/Aim: Eribulin, a non-taxane microtubule
inhibitor, improves the tumor immune microenvironment via
vascular remodeling. Systemic peripheral immune markers such
as absolute lymphocyte count (ALC) and neutrophil-to-
lymphocyte ratio (NLR) have been reported as prognostic factors
of patients treated with eribulin. However, the usefulness of the
longitudinal changes of these blood parameters during eribulin
treatment remains unknown. Patients and Methods: A total of 97
patients with locally advanced or metastatic breast cancer
treated with eribulin were recruited. ALC and NLR values were
collected at each cycle of treatment. The correlation between
ALC and NLR and prognosis and antitumor effects was
retrospectively evaluated. Results: Progression-free and overall
survival for patients with a base line ALC ≥1,500/μl was
significantly better than that for those with a lower ALC
(p=0.049 and p=0.004, respectively). The mean ALC in the non-
progressive disease (PD) group increased, while that in the PD
group slightly decreased over time. A low ALC at the last cycle
was significantly correlated with PD (p=0.030). Of the 64
patients with PD, 47 were classified as having progression due
to a pre-existing lesion (PPL), and 17 patients were classified as
having progression due to new metastasis (PNM). The mean
ALC for the PPL group slightly increased during eribulin
treatment, while that for the PNM group decreased. Conclusion:

Eribulin treatment may have improved the immune status in
eribulin responders. Monitoring ALC values may be useful for
early assessment of response to therapy. 

Eribulin, a non-taxane, synthetic inhibitor of microtubule
dynamics, is currently an approved treatment for locally
advanced or metastatic breast cancer (MBC). It induces
G2/M cell-cycle arrest and subsequent apoptosis (1-3).
Eribulin also has some unique antineoplastic effects in breast
cancer, such as improvement of tumor perfusion, hypoxia
(4), and epithelial–mesenchymal transition (5, 6). Moreover,
eribulin enhances the antitumor immune response (7), and
tumor-infiltrating lymphocytes (TILs) may be a good
predictor of the therapeutic effect eribulin in patients with
triple-negative breast cancer (8). 

In addition to TILs, systemic peripheral immune markers
have been shown to be significant prognostic factors in
patients with MBC treated with eribulin. Miyagawa et al.
reported that a baseline neutrophil-to-lymphocyte ratio
(NLR) <3 was significantly associated with good
progression-free survival (PFS) (9). Miyoshi et al. also
showed that eribulin prolonged overall survival (OS)
compared to treatment of physician’s choice in patients with
a baseline absolute lymphocyte count (ALC) ≥1,500/μl (10).
These studies suggest that the status of the tumor immune
microenvironment affects the efficacy of eribulin. 

However, progressive disease (PD) can occur even in
patients with a good baseline ALC or NLR. Eribulin was
shown to enhance the antitumor immune activity in
responders (7); thus, it was hypothesized that real-time
monitoring of these blood parameters in patients treated with
eribulin can predict PD and is useful in guiding treatment. 
This study aimed to explore the longitudinal changes in ALC
and NLR of patients with MBC undergoing eribulin
treatment and to identify whether these systemic peripheral
markers are useful predictors of PD. 
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Patients and Methods
Patient background. This study was conducted at Osaka City
University Graduate School of Medicine (Osaka, Japan) and
conformed to the provisions of the Declaration of Helsinki of the
World Medical Association. The study protocol was approved by the
Ethics Committee of Osaka City University (#926). At the time of
treatment, written informed consent was obtained from all patients.
The electronic medical data of patients with breast cancer treated with
eribulin from August 2011 to April 2019 at the Osaka City University
Graduate School of Medicine (Osaka, Japan) were obtained and
analyzed. A total of 106 patients were identified from their medical
records. Nine patients who underwent eribulin treatment as
neoadjuvant chemotherapy were excluded, and 97 patients with MBC
were included. T and N factors and tumor stage were stratified based
on the seventh edition of the Union for International Cancer Control
TNM classification (11). Tumors were classified into intrinsic
subtypes according to the immunohistochemical expression of
estrogen receptor, progesterone receptor, and human epidermal
growth factor receptor 2; the hormone-positive group comprised
patients with estrogen- or progesterone-positive patients. 

Based on the chemotherapy regimen, eribulin mesylate (1.4 mg/m2)
was administered intravenously on days 1 and 8 in 21-day cycles (12,
13). For patients with a reduced neutrophil count, treatment was
delayed. Administration was repeated until PD was detected or

intolerable adverse events requiring the discontinuation of the
scheduled chemotherapy were noted. All patients received this
protocol at the outpatient clinic. The antitumor effect was evaluated
based on the Response Evaluation Criteria in Solid Tumors version
1.1 (14). PD was defined as progression due to a pre-existing lesion
(PPL)/due to new metastasis (PNM) based on systemic computed
tomography findings (Figure 1). OS was defined as the time from the
start of eribulin treatment to death from any cause. PFS was defined
as the time from the start to the end of treatment because of PD or
death from any cause. The median follow-up time for the assessment
of OS was 494 days (range=7-2,955 days) and for PFS was 105 days
(range=7-818 days).

Blood sample analysis. Blood samples were obtained at each cycle
before eribulin treatment, and the differential white blood cell
counts were analyzed using a Coulter LH 750 Hematology
Analyzer (Beckman Coulter, Brea, CA, USA). The NLR was
calculated from the blood sample by dividing the absolute
neutrophil count by the ALC. 

Statistical analysis. Statistical analysis was performed using the
JMP13 software program (SAS Institute, Cary, NC, USA).
Associations among variables were analyzed using chi-squared or
Fisher’s exact test, as appropriate. OS and PFS were estimated using
the Kaplan–Meier method and compared between groups using the
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Figure 1. Consort diagram. A total of 106 patients with breast cancer underwent eribulin treatment from August 2011 to April 2019. In the present
study, nine patients treated with neoadjuvant chemotherapy were excluded, and 97 patients were included.



log-rank test. To select the most appropriate cut-off value for ALC
and NLR, receiver operating characteristic curve analysis was
conducted. A p-value of less than 0.05 was considered significant.

Results

Relationship between ALC and NLR at baseline and patient
prognosis. As previously reported, using a cut-off of 1,500/μl
for ALC and of 3 for NLR, the relationship between ALC
and NLR at the baseline and patient prognosis (9, 10) were
examined. PFS for patients with a baseline ALC ≥1,500/μl
was significantly better than that for those with a lower ALC
(p=0.049). Furthermore, PFS for patients with a baseline
NLR <3 was significantly better than that for those with a
higher NLR (p<0.001) (Figure 2A and B). Similar to PFS,
OS for patients with a baseline ALC ≥1,500/μl was
significantly better than that for those with a lower ALC

(p=0.004). Moreover, OS for patients with an NLR at the
baseline<3 was significantly better than that for those with
a higher NLR (p<0.001) (Figure 2C and D). 

Clinicopathological features and outcome of eribulin
treatment. In the present study, all patients were classified
into a PD (n=64, 66.0%) or non-PD (n=33, 34.0%) group,
and the relationship between clinicopathological features and
treatment effect of eribulin are shown in Table I. PD tended
to be observed more frequently in patients with human
epidermal growth factor receptor 2-enriched breast cancer
and triple-negative breast cancer (p=0.050). Moreover, the
response to eribulin was significantly worse in patients with
de novo advanced breast cancer (p=0.005). There was no
significant correlation between outcome of eribulin and any
other tested clinicopathological parameter, including number
of previous chemotherapy regimens. 
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Figure 2. Survival was analyzed according to absolute lymphocyte count (ALC) and neutrophil-to-lymphocyte ratio (NLR). A: Progression-free survival
was significantly worse in the group with low ALC compared with the high-ALC group (p=0.049). B: PFS was significantly worse in the group with
high NLR compared with the low-NLR group (p<0.001). C: Overall survival was also significantly worse in the low-ALC group compared with the
high-ALC group (p=0.004). D: Overall survival was significantly worse in the group with a high NLR compared with the low-NLR group (p<0.001).



Evaluation before and after eribulin treatment. Pre- and post-
dose evaluations of ALC and NLR were performed according
to the values recorded at the first and last cycle of eribulin
treatment. Longitudinal courses of ALC and NLR for the PD
and non-PD groups are shown in Figure 3. The mean ALC at
the first cycle was lower for the PD group than for the non-
PD group (1,423/μl vs. 1,538/μl). In addition, the mean value
of ALC at the last cycle in the PD group was slightly lower
than that at the first cycle (1,414/μl), while that for the non-
PD group tended to increase during treatment (1,643/μl)
(Figure 3A). Regarding NLR, the PD group had higher mean
values at the first cycle than the non-PD group (4.03 vs. 2.75).
Interestingly, unlike ALC, the mean NLR decreased in both
groups at the last cycle of eribulin treatment (4.03 → 3.44 and
2.75 → 2.13, respectively) (Figure 3B). 

The ALC cut-off value for PD at the last cycle was
1,318/μl (area under the receiver operating characteristics
curve=0.60; sensitivity=51.6%; specificity=69.7%) (Figure
4A). Patients were then classified into low-ALC and high-
ALC groups according to this cut-off value and a low ALC
at the last cycle was significantly associated with PD
(p=0.030). The NLR cut-off value for PD at the last cycle
was 1.66 (area under the receiver operating characteristics
curve=0.55; sensitivity=60.9%; specificity=54.6%) (Figure
4B). However, there was no significant relationship between
NLR values at the last cycle and PD (p=0.196) (Table II). 

Peripheral immune markers and differences in progression
type. Of the 64 patients with observed PD, there were
significantly more patients in the PPL group (n=47, 73.4%)
than in the PNM group (n=17, 16.6%). A longitudinal
analysis of ALC and NLR was also performed according to
PPL and PNM. The mean value of ALC at the first cycle was
lower in the PPL group than in the PNM group (1,354/μl vs.
1,616/μl). Interestingly, the mean ALC in the PPL group
slightly increased during eribulin treatment (to 1,378/μl),
while that for the PNM group decreased (1,516/μl) (Figure
5A). Regarding NLR, the PPL group had a higher mean
value at the first cycle than did the PNM group (4.37 vs.
3.10). In addition, the mean value of NLR decreased in both
groups (to 3.77 and 2.51, respectively) (Figure 5B).

Discussion

In this study, the utility of follow-up using the systemic
peripheral immune markers ALC and NLR in patients with
MBC undergoing eribulin treatment was verified.
Lymphocytes play an important role in host tumor immunity
by causong cytotoxic cell death or inhibition of tumor cell
proliferation (15-17). In contrast, neutrophils reflect cancer-
associated inflammation, which promotes tumor cell
proliferation and distant metastasis (18). Therefore, it was
considered that the ALC seems to be a more sensitive
indicator of the immune status of patients with cancer than
the NLR. Throughout eribulin treatment, the mean ALC for
the PD group was lower than that for the non-PD group,
whilst the mean NLR was higher. This suggests that eribulin
may be less effective in MBC with low systemic immune
activity. In addition, eribulin treatment reduced the NLR in
both groups, while the ALC increased only in the non-PD
group. It is likely that ALC is a better marker than NLR in
reflecting the therapeutic effect of eribulin. Furthermore,
some previous studies have reported that eribulin improves
the local tumor immune microenvironment (4, 5, 7);
however, in this longitudinal analysis, increased ALC and
reduced NLR in the non-PD group suggests that eribulin has
the ability to enhance not only the local immune status but
also the systemic immune status. 

In the present study, an ALC at the last cycle <1,318/μl was
significantly associated with PD, while the NLR at the last
cycle was not a useful predictive marker of PD. The
measurement of serum tumor makers such as
carcinoembryonic antigen and cancer antigen 15-3 has been
considered an economic and less invasive examination in
clinical practice; however, whether monitoring these markers
during treatment in patients with MBC is useful for assessing
response to therapy is controversial (19-22). The results suggest
that in patients with MBC, follow-up using ALC during
eribulin treatment may be useful to evaluate the antitumor
effect and determine when to stop administration of eribulin. 
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Table I. Correlation between clinicopathological features and treatment
effect.

Parameter                                      Treatment effect, n (%)          p-Value

                                                 PD (n=64,       Non-PD (n=33, 
                                                   66.0%)                 34.0%)                 

Age at operation
  <60 Years                             30 (46.9%)          17 (51.5%)
  ≥60 Years                             34 (53.3%)          16 (48.5%)          0.675
Subtype
  Luminal                               29 (45.3%)         19 (57.6%)
  Luminal-HER                         1 (1.6%)              4 (12.1%)
  HER2-enriched                      4 (6.3%)              1 (3.0%)
  TNBC                                   30 (46.8%)            9 (27.3%)          0.050
Previous CHT regimens
  ≤3                                          27 (42.2%)          11 (33.3%)
  >3                                          37 (57.8%)          22 (66.7%)          0.511
Metastatic site
  Visceral                                47 (73.4%)          19 (57.6%)
  Non-visceral                         17 (26.6%)          14 (42.4%)          0.167
Tumor status at
eribulin treatment
  De novo                                13 (20.3%)          16 (48.5%)
  Recurrence                           51 (79.7%)          17 (51.5%)          0.005

CHT: Chemotherapy; HER2: human epidermal growth factor receptor
2; TNBC: triple-negative breast cancer; PD: progressive disease.



Patients with observed PD were also stratified into PPL and
PNM groups. Eribulin treatment reduced the ALC only in the
PNM group. It seems that a decrease in immune activity during
eribulin treatment may induce migration of breast cancer cells.

The response to eribulin is significantly associated with
improvement of immune activity (7); therefore, a decrease in
ALC (deterioration of immunity) may mean that eribulin was
ineffective, and suppression of epithelial–mesenchymal
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Figure 3. Mean absolute lymphocyte count (ALC) (A) and neutrophil-to-lymphocyte ratio (NLR) (B) at the first and last cycles of eribulin treatment
according to progressive disease (PD). The mean ALC for the non-PD group increased, while that of the PD group was slightly reduced. Unlike
ALC, the mean NLR at the last cycle was lower than at the first cycle for both groups.

Figure 4. Receiver operating characteristics curve analyses for prediction of progressive disease (PD) by the absolute lymphocyte count (ALC) (A)
and neutrophil-to-lymphocyte ratio (NLR) (B) at the last cycle of eribulin treatment of patients with metastatic breast cancer. The ALC cut-off at
the last cycle for PD was 1,318/μl (area under the curve=0.60; sensitivity=51.6%; specificity=69.7%). The NLR cut-off at the last cycle for PD
was 1.66 (area under the curve=0.55; sensitivity=60.9%; specificity=54.6%).



transition may also be inhibited. It was previously reported that
the progression of cancer in patients undergoing eribulin
treatment was significantly associated with the state of the
immune tumor microenvironment as evaluated through TILs
(23). Unlike TILs of biopsy specimens, the measurement of
ALC, a peripheral systemic immune marker, is a simpler and
less invasive examination. 

This study has a few limitations. Firstly, this was a single-
center retrospective study; hence, the sample size was small.
Secondly, each ALC value was calculated only when the
criteria for eribulin administration were met; however, the
side-effects of eribulin might have reduced the ALC. 

Our findings suggest that monitoring ALC in patients with
MBC undergoing eribulin therapy is important in evaluating
treatment efficacy and tumor progression. Thus, further
prospective multicenter studies are needed to identify the
strengths and weaknesses of these findings.

Conclusion

This is the first study to demonstrate the longitudinal changes
in ALC and NLR during eribulin treatment in patients with
MBC. ALC can easily be measured in daily clinical practice
during treatment and is useful in evaluating the immune status.
The findings of this study indicate that follow-up with ALC
evaluation may be useful for assessing response to therapy and
planning treatment strategies for MBC.
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Figure 5. Mean absolute lymphocyte count (ALC) (A) and neutrophil-to-lymphocyte ratio (NLR) (B) at the last cycle of eribulin treatment in patients
with progression from a pre-existing lesion (PPL) or progression due to new metastasis (PNM). The mean ALC for the PPL group slightly increased
during eribulin treatment, while that for the PNM group decreased. Unlike ALC, the mean NLR decreased for both groups.

Table II. Correlation of absolute lymphocyte count (ALC) and
neutrophil to lymphocyte ratio (NLR) at the last cycle with treatment
effect.

Parameters                                            Treatment effect               p-Value

                                 Cut-off          PD (n=64,   Non-PD (n=33, 
                                                          66.0%)             34.0%)               

ALC at last cycle     <1,318/μl     33 (51.6%)         9 (27.3%)
                                 ≥1,318/μl     31 (48.4%)       24 (72.7%)       0.030
NLR at last cycle     <1.66            25 (39.1%)       18 (54.5%)
                                 ≥1.66            39 (60.9%)       15 (45.5%)       0.196

PD: Progressive disease.
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