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Abstract. Background/Aim: To investigate the utility of
peripheral blood biomarkers — absolute lymphocyte count
(ALC), neutrophil-to-lymphocyte ratio (NLR), and platelet-
to-lymphocyte ratio (PLR) — for predicting outcomes in
eribulin-treated patients with metastatic human epidermal
growth factor receptor type 2 (HER2)-negative breast
cancer. Patients and Methods: ALC, NLR, and PLR were
retrospectively obtained from pre-treatment blood sampling
results of 120 patients and stratified according to means.
Univariate and multivariate analyses were performed to
investigate the association of clinicopathological factors,
including these values, with overall survival (OS) and
progression-free survival (PFS). Results: The ALC, NLR,
and PLR cut-off points were 1,285/ul, 3.3, and 235,
respectively. No biomarkers were associated with PFS.
However, univariate analysis showed ALC (p=0.044) and
PLR (p=0.044) to be significantly associated with OS.
Conclusion: ALC and PLR can predict eribulin efficacy
in terms of OS, reflecting the antitumour immune response
in the microenvironment and indicating eribulin’s
effectiveness.
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Eribulin methylate (Halaven®, Esai Co. Ltd., Tokyo, Japan)
is a cytotoxic anticancer drug with a non-taxane microtubule
inhibitory effect. Thus far, it has been approved for breast
cancer treatment in approximately 60 countries. In Japan,
eribulin has been available since 2011 for the management of
inoperable and recurrent human epidermal growth factor
receptor type 2 (HER2)-negative breast cancer after treatment
with anthracyclines and taxanes (1). The phase 3 open-label
randomized trial EMBRACE showed significantly prolonged
overall survival (OS) linked to eribulin treatment compared
to that associated with the treatment of physician’s choice
(TPC), despite no inter-treatment difference in progression-
free survival (PFS) (2). In addition to inhibiting mitosis,
eribulin has been shown to have various effects. The drug
affects the immune system and enhances the antitumour
immune response by reducing the expression of programmed
death ligand-1 and forkhead box P3 and increasing the
expression of cluster of differentiation 8. Furthermore, in the
tumour microenvironment, it improves blood circulation by
remodelling tumour vasculature by reducing the expression
of vascular endothelial growth factor (VEGF), inducing the
epithelialization of breast cancer cells by reducing the
expression of transforming growth factor-p (TGF-f3), and
reducing the metastatic potential of breast cancer cells (3-6).

In recent years, peripheral blood biomarkers, namely
absolute lymphocyte count (ALC), as a factor that reflects
immune regulation of the tumour, neutrophil-to-lymphocyte
ratio (NLR), as a factor that reflects systemic inflammation,
and platelet-to-lymphocyte ratio (PLR), which is related to
systemic immunity, have been reported as prognostic or
therapeutic effect predictive factors for breast cancer (7-18).
Hence, in the present study, we retrospectively evaluated the
utility of ALC, NLR, and PLR as predictors of the therapeutic
effect of eribulin in patients with metastatic and recurrent
HER2-negative breast cancer.
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Patients and Methods

This study was approved by the ethics committee of Tokyo Medical
University (#2021-0163). In all, 120 patients who were diagnosed
with metastatic and recurrent HER2-negative breast cancer and
received eribulin monotherapy at Tokyo Medical University or Tokyo
Medical University Hachioji Medical Centre from September 2011 to
December 2018 were investigated. Patients’ background and outcome
data were retrospectively collected. Eribulin was intravenously
administered at 1.4 mg/m? on days 1 and 8, every 21 days. The dose
was adjusted according to adverse events severity. In several cases,
eribulin was administered bi-weekly without dose reduction due to
neutropenia. None of the patients received granulocyte-colony-
stimulating factor agents. Treatment was continued until disease
progression, intolerable toxicity, patient or physician request to
discontinue treatment, or death from any cause. Disease progression
was determined by attending doctors based on radiological findings,
symptoms, laboratory data, and/or other supplementary findings.

Outcomes. PES and OS were evaluated as the study endpoints, and
their correlation with background factors was explored. PFS was
defined as the duration from eribulin treatment initiation until
disease progression, intolerable toxicity, or death from any cause.
OS was defined as the duration from eribulin treatment initiation to
death from any cause.

Evaluation of peripheral blood biomarkers. ALC, NLR, and PLR
were calculated from the baseline laboratory data collected most
recently before the first eribulin administration. NLR and PLR were
calculated by dividing the neutrophil/platelet count by the
lymphocyte count. To evaluate PFS- and OS-related factors, because
no absolute cut-off values have been reported for these biomarkers,
the mean value of each parameter was taken as the cut-off value,
distinguishing between high and low groups. The values obtained
for ALC, NLR, and PLR were 1,285/ul, 3.3, and 235, respectively.

Statistical analysis. All analyses included data from patients with
evaluable baseline ALC, NLR, and PLR. Patients whose baseline blood
test data were unavailable were excluded. Baseline characteristics,
eribulin treatment status, and peripheral blood biomarkers were collected
retrospectively. To analyse the PFS and OS, Kaplan—-Meier curves were
used, and the median PFS and OS [95% confidence interval (CI)] were
estimated. The hazard ratios (HRs) and 95%Cls for each baseline factor
were estimated using the Cox proportional hazard model. Univariate and
multivariate Cox regression analyses were performed to explore
potential factors affecting PFS and OS. HRs and 95%CIs were
calculated for each factor by using univariate models. Multivariate Cox
regression analysis included only factors that were significant in the
univariate analysis. Factors with p<0.05 were considered statistically
significant. Because the present study was conducted for exploratory
purposes, no adjustments were made for multiple testing. All analyses
were performed using the IBM SPSS Statistics Version 27 software
package (IBM Corp., Armonk, NY, USA).

Results
Clinicopathological features and treatment outcomes. We

identified 120 patients (97 oestrogen receptor-positive [ER+]
and 23 ER-) with HER2-negative metastatic breast cancer
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who received eribulin treatment during the study period. The
patient characteristics are summarized in Table I. The
patients’ median age and follow-up period were 61 years and
15.2 months (range=0.9-65.9 months), respectively; 84
(70%) patients were postmenopausal. One hundred and one
(84%) patients showed recurrence; 19 (16%) were diagnosed
with de novo stage IV disease. Seventy (58%) patients
received anthracycline and/or taxane antineoplastic agents as
adjuvant or neoadjuvant chemotherapy. At eribulin initiation,
100 (83%) and 20 (17%) patients had visceral and non-
visceral metastasis, respectively. Before eribulin treatment,
the patients received a median of one line of chemotherapy
(range 0-8) for metastatic treatment: 62 (52%), 48 (40%),
and 10 (8%) patients received no or one, 2-4, and >4 lines
of chemotherapy, respectively. Regarding treatment
discontinuation, most patients, 110 (92%), stopped treatment
because of disease progression. Only 10 (8%) discontinued
treatment because of adverse events (asthenia and fatigue in
five cases; neutropenia and alopecia in two cases; and liver
dysfunction, constipation, and interstitial lung disease in one
case each). Among the 120 patients, the overall response rate
[ORR; defined as the rate of partial response (PR) and
complete response (CR)] was only 10% (12 cases; PR and
CR in 12 and O cases, respectively). However, the clinical
benefit rate [defined as the rate of long-term stable disease
(SD), i.e., over 24 weeks, PR, and CR] was 39% (47 cases;
long-term SD in 35 cases). The median PFS and OS were
4.9 months (95%Cl=4.2-5.7) and 15.2 months (95%CI=13 4-
17.0), respectively.

Effect of baseline ALC (cut-off value, 1,285/ul), NLR (cut-off
value, 3.3), and PLR (cut-off value, 235) on PFS/OS. Figure
1 shows the Kaplan—Meier curves for PFS and OS with
regard to baseline ALC, NLR, and PLR. The median OS was
significantly longer in patients with an ALC=1,285/ul and a
PLR<235 than in patients with an ALC<1,285/ul and
PLR>235 (ALC=1,285/ul vs. ALC<1,285/ul: 17.4 vs. 15.0
months, HR=0.672, 95%CI=0.46-0.99; PLR=<235 wvs.
PLR>235: 16.4 vs. 14.0 months, HR=0.676, 95%CI=0.46-
0.99) (Figure 1A and C). Regarding baseline NLR, there was
no significant difference in OS between those with an
NLR=<3.3 and NLR>3.3 (NLR<3.3 vs. NLR>3.3: 16.2 vs.
13.8 months, HR=0.737, 95%CI=0.49-1.11) (Figure 1B). No
significant difference was found in peripheral blood
biomarkers with regard to PFS.

Univariate and multivariate analyses of baseline factors for
PFS/0S. Tables II and III show the results of univariate Cox
regression analysis for factors affecting PFS and OS.
Univariate Cox regression analysis was performed to
evaluate menopausal and tumour statuses, visceral
metastasis, subtypes, number of previous chemotherapies for
metastatic disease; and baseline ALC, NLR, and PLR. No
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Table 1. Clinicopathological features of 120 patients.

Factors n, range/%
Age! (median) (range) 61 (20-82)
Menopausal status!

Premenopausal 36 (30%)

Postmenopausal 84 (70%)
ER status

Positive 97 (81%)

Negative 23 (19%)
PR status

Positive 77 (64%)

Negative 43 (36%)
Subtypes

Luminal type 97 (81%)

Triple-negative type 23 (19%)
Adjuvant or neoadjuvant chemotherapy

Anthracycline only 13 (11%)

Taxane only 10 (8%)

Both 47 (39%)

Pyrimidine-based metabolic antagonist 16 (13%)

None 40 (33%)
Previous endocrine therapy!

Yes 96 (80%)

Prior cycline-dependent kinase inhibitors 10 (10%)

for metastatic treatment

No 24 (20%)
Number of previous chemotherapies
for metastatic disease!

0-1 62 (52%)

2-4 48 (40%)

>5 10 (8%)
Tumour status!

De novo 19 (16%)

Recurrent 101 (84%)
Visceral metastasis!

Yes 100 (83%)

No 20 (17%)
Metastatic site!

Bone 74 (62%)

Liver 70 (58%)

Lungs/pleural 66 (55%)

Brain 18 (15%)

Others 53 (44%)

Treatment discontinuation reason
Disease progression
Adverse events

Blood parameter (mean) (range)!
Neutrophils, cells/pl
Absolute lymphocyte counts, cells/pl
Platelets, cells/x104 ul 24 4 (8.2-59.8)
NLR 3.3 (0.96-13.6)
PLR 235 (65-939)

110 (92%)
10 (8%)

3490 (600-13,400)
1285 (277-3,027)

Overall response rate? 12 (10%)
Clinical benefit rate3 47 (39%)
PFS (median, months) (95%CI) 4.9 (4.2-5.7)

0S (median, months) (95%CI) 152 (13.4-17.0)

ER: Oestrogen receptor; PR: progesterone receptor; NLR: neutrophil-
to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PFS:
progression-free survival; OS: overall survival; 95%CI: 95% confidence
interval. | At the time of starting eribulin. 2Defined as the rate of partial
or complete response afforded by eribulin treatment. 3Defined as the
rate of long-term stable disease (over 24 weeks) and partial or complete
response afforded by eribulin treatment.

factor was identified as influencing PFS (Table II). Baseline
ALC (95%C1=0.46-0.99, p=0.044) and PLR (95%CI=0.46-
0.99, p=0.044) were identified by univariate Cox regression
analysis as factors affecting OS (Table III); however, no
significant independent factor affecting OS was found by
multivariate Cox regression analysis (Table IV).

Discussion

In the present study, we found that ALC and PLR were
associated with OS, but not PFS, in eribulin-treated patients
with metastatic breast cancer. Higher ALC and lower PLR
were significant predictors of eribulin efficacy. The pre-
treatment cut-off points for ALC and PLR in this study were
1,285/ul and 235, respectively. One of the landmark studies
in this field is a post-hoc analysis based on the EMBRACE
study (7). The post-hoc analysis clearly demonstrated that
baseline ALC at a cut-off value of 1,500/ul was an
independent predictor for longer OS in eribulin-treated
patients with metastatic breast cancer, while NLR was a
general prognostic marker rather than a specific predictor of
OS in these patients.

Another study with 144 patients having HER2-negative
metastatic breast cancer also showed that ALC at a cut-off
value of 1000/uL was a significant predictor of OS in patients
treated with eribulin in the oestrogen receptor (ER)-positive
subgroup but not in the ER-negative subgroup (19). The
background characteristics of the patients in the current study,
including the limited number of patients, differed from those
of patients in the aforementioned studies. The OS in this study
was longer than that in the EMBRACE study, because eribulin
was administered mostly in patients with ER-positive breast
cancer and in relatively early lines of treatment. However, the
association of baseline ALC with OS remained significant, as
indicated by the univariate analysis, suggesting the reliability
of ALC in predicting eribulin efficacy.

Eribulin has been shown to have immunomodulatory
activity in the tumour microenvironment. Lymphocytes play
an important role in antitumour immune responses and
tumour immunological surveillance, reflecting a state of T-
cell function (20-24). Although the cut-off values varied
across studies, ALC was consistently associated with OS in
eribulin-treated patients. Thus, ALC predicted eribulin’s
therapeutic effect, likely reflecting the antitumour immune
response produced by the drug.

PLR, but not NLR, was also a significant predictor of the
effectiveness of eribulin in this study. A post-hoc analysis based
on the EMBRACE study revealed that NLR was a prognostic
marker in patients with metastatic breast cancer. NLR was
associated with prolonged OS in both the eribulin and TPC
groups (7). Neutrophils have been reported to relate to cancer-
associated inflammation, suppress the activities of lymphocytes
and promote tumour progression (25, 26). In addition to cancer
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Figure 1. Kaplan—Meier curves for progression-free survival and overall survival predicted by the biomarkers. Stratification according to (A)
absolute lymphocyte counts [ALC: a; ALC=1,285/ul vs. ALC<1,285/ul (n=51 vs. 69)], (B) neutrophil-to-lymphocyte ratio [NLR: b; NLR<3.3 vs.
NLR>3.3 (n=85vs. 35)], and (C) platelet-to-lymphocyte ratio [PLR: ¢; PLR<235 vs. PLR>235 (n=73 vs.47)]. No significant difference was found
in peripheral blood biomarkers for progression-free survival (PFS). However, patients with ALC=1,285/ul and PLR<235 had significantly better
overall survival (OS) than those with ALC<1,285/ul and PLR>235. HR: Hazard ratio; 95%CI: 95% confidence interval; ALC: absolute lymphocyte
counts; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.
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Table II. Univariate analysis of factors predicting PFS.

Table III. Univariate analysis of factors predicting OS.

Factors Hazard 95% Confidence  p-Value Factors Hazard  95% Confidence  p-Value
ratio interval ratio interval

Menopausal status Menopausal status

Postmenopausal ref Postmenopausal ref

Premenopausal 1.25 0.84-1.86 0.271 Premenopausal 1.008 0.67-1.51 0.968
Tumour status Tumour status

Recurrent ref Recurrent ref

De novo 1.35 0.82-2.21 0.236 De novo 0.769 0.50-1.18 0.226
Visceral metastasis Visceral metastasis

Yes ref Yes ref

No 1.1 0.68-1.76 0.703 No 1.071 0.66-1.75 0.782
Subtypes Subtypes

Triple negative ref Triple negative ref

Luminal 0.642 0.41-1.01 0.058 Luminal 0.764 0.48-1.22 0.262
Number of previous Number of previous
chemotherapies for chemotherapies for
metastatic disease metastatic disease

0-1 ref 0-1 ref

>2 1.223 0.85-1.76 0.279 >2 1.359 0.94-1.97 0.107
Absolute lymphocyte counts Absolute lymphocyte counts

<1.285/ul ref <1.285/ul ref

=1.285/ul 1.022 0.71-1.47 0.908 >1.285/ul 0.672 0.46-0.99 0.044
NLR NLR

>33 ref >33 ref

<33 1.223 0.82-1.83 0.326 <33 0.737 0.49-1.11 0.141
PLR PLR

>235 ref >235 ref

<235 0.841 0.58-1.23 0.371 <235 0.676 0.46-0.99 0.044

PFS: Progression-free survival; NLR neutrophil-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio.

biology, neutrophils have a shorter blood half-life and are
susceptible to lifestyle-related diurnal variations (27),
temporary inflammation due to factors such as infection, and
bone marrow exhaustion due to pre-treatment.

Platelets have been reported to be related to cancer
progression by promoting tumour angiogenesis, extracellular
matrix degradation, release of adhesion molecules and
facilitation of inflammatory cell migration (28-30). Regarding
their immune functions, platelets store immunomodulatory
molecules such as TGF-f and interleukin-1 and affect the
immune response. Platelets also express and secrete cluster
of differentiation 40 and 154, which affect dendritic cell
maturation and T cell activation (31). Regarding neutrophils
and platelets in cancer patients, platelets are less dispersed
compared to neutrophils (27). Thus, PLR may reflect ALC
better than NLR because ALC may be the best predictor of
OS afforded by eribulin treatment (7). However, all these
studies were retrospective, and prospective studies are
required to confirm the significance of ALC in the treatment
with eribulin.

In conclusion, ALC and PLR predicted the efficacy of
eribulin in terms of OS but not PFS. PLR may be better

OS: Overall survival; NLR:
platelet-to-lymphocyte ratio.

neutrophil-to-lymphocyte ratio; PLR:

Table IV. Multivariate analysis of factors predicting OS.

Factors Hazard 95% Confidence  p-Value
ratio interval

Absolute lymphocyte counts

<1.285/ul ref

>1.285/ul 0.747 0.49-1.14 0.176
PLR

>235 ref

<235 0.763 0.50-1.16 0.202

OS: Overall survival; PLR: platelet-to-lymphocyte ratio.

associated with ALC than NLR. ALC proved to serve as an
immunological predictive index, specifically of the
improvement in OS in eribulin-treated patients by the
modulation of the immune regulation system. Taken
together with the results of previous studies, the findings in
this study indicate that ALC has a significant impact on
eribulin efficacy. This finding needs to be confirmed in
prospective studies.
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