
Abstract. Background/Aim: We investigated the efficacy of
neutrophil-to-lymphocyte ratio (NLR), absolute lymphocyte
count (ALC), and C-reactive protein (CRP) in predicting
overall survival of metastatic breast cancer patients treated
with eribulin. Patients and Methods: Overall, 74 patients
treated with eribulin were enrolled and their baseline levels of
NLR, ALC, and CRP retrieved. Cutoff values of NLR, ALC, and
CRP were set at 3.0, 1500/μl, and 0.3 mg/dl, respectively.
Overall survival (OS) was compared according to marker
levels. Results: The OS of NLR-low, ALC-high, and CRP-low
groups at baseline was significantly longer than that of NLR-
high, ALC-low, and CRP-high groups (p=0.0027, p=0.0013,
and p=0.0164, respectively). The combination of ALC and CRP
was significantly associated with OS by multivariate analysis
(p=0.048). Conclusion: Baseline levels of NLR, ALC, and CRP
were significantly associated with OS in patients treated with
eribulin. The combination of ALC and CRP improved the
predictive efficacy compared to individual markers.

Chemotherapy for locally advanced or metastatic breast
cancer (MBC) is an essential treatment choice in daily
clinical practice. Usually, the indication for chemotherapy is
based on factors such as tumor subtypes and characteristics,
metastatic sites, existing visceral crisis, and previous
therapies for adjuvant or metastatic settings (1). Although
predictive biomarkers are required to assess the efficacy of

chemotherapeutic agents, no such biomarker has been
identified for MBC.

Eribulin, a non-taxane inhibitor of microtubule dynamics, is
an effective agent yielding longer overall survival (OS) in MBC
patients as compared with treatments of physician’s choice
(TPC) in the Phase III EMBRACE trial (2). Interestingly, OS
was improved without benefit in terms of progression-free
survival (PFS) between the eribulin and TPC arms. This impact
on OS rather than PFS was further confirmed in the Phase III
study 301, in which eribulin was compared with capecitabine
in MBC patients (3) and real-world data (4, 5).

The precise mechanisms by which eribulin improves OS
rather than PFS are currently unclear. It has been demonstrated
that eribulin suppresses epithelial-mesenchymal transition
(EMT), which plays an important role in tumor progression
and metastasis (6). This mechanism seems to stem from the
inhibition of TGF-β-mediated Snail expression (7) or
regulation of E-cadherin localization (8). The second
mechanism related to eribulin treatment is vascular
normalization within a tumor. Since eribulin reverses the
hypoxic condition of the tumor microenvironment through
vascular remodeling (9), this action also reduces the
phenotype of EMT by suppressing hypoxia-inducible factor-
1α (HIF1α) (10). Based on these studies, it is possible that
eribulin improves OS by suppressing EMT directly and
indirectly through vascular remodeling, (11, 12).

Recently, the involvement of the immune system has been
demonstrated to contribute to OS in metastatic tumors (13). If
vascular normalization induced by eribulin treatment improves
the immune microenvironment in breast cancer, longer OS
could be achieved by mediating an immune reaction against
breast cancer (14). In line with this hypothesis, several studies
have demonstrated that the neutrophil-to-lymphocyte ratio
(NLR), a peripheral immune-related marker, was significantly
associated with PFS in MBC patients treated with eribulin.
Miyagawa et al. reported that PFS was significantly longer in
the baseline NLR <3 group than in the NLR ≥3 group in
patients treated with eribulin [hazard ratio (HR)=0.37; 95%

4147

This article is freely accessible online.

Correspondence to: Yasuo Miyoshi, Department of Surgery,
Division of Breast and Endocrine Surgery, Hyogo College of
Medicine, Mukogawa-cho 1-1, Nishinomiya, Hyogo 663-8501,
Japan. Tel: +81 798456374, Fax: +81 798456252, e-mail:
ymiyoshi@hyo-med.ac.jp

Key Words: Breast cancer, absolute lymphocyte count, c-reactive
protein, eribulin, overall survival.

ANTICANCER RESEARCH 40: 4147-4156 (2020)
doi:10.21873/anticanres.14414

C-Reactive Protein and Absolute Lymphocyte Count Can
Predict Overall Survival of Patients Treated With Eribulin

ATSUSHI SATA1,2, REIKO FUKUI1, YOSHIMASA MIYAGAWA1, AYAKO BUN1, HIROMI OZAWA1, 
YUKIE FUJIMOTO1, TOMOKO HIGUCHI1, MICHIKO IMAMURA1 and YASUO MIYOSHI1

1Department of Surgery, Division of Breast and Endocrine Surgery,
Hyogo College of Medicine, Nishinomiya, Japan;

2Department of Breast Surgery, Yao Municipal Hospital, Yao, Japan



confidence interval (CI)=0.18-0.71; p=0.0032] (15). Similarly,
worse PFS was observed in patients with high NLR compared
to that in those with low NLR, according to reports by Myojin
et al. (NLR >3.3 vs. ≤3.3; adjusted HR, 2.03; 95%CI=1.29–
3.17; p=0.003) (16) and Ueno et al. (NLR ≥5.0 vs. <5.0;
adjusted HR=1.78; 95%CI=1.00-3.15) (17). In addition, the
Phase III EMBRACE study showed that absolute lymphocyte
count (ALC) was a predictive factor for eribulin but not for
TPC (18).

Although NLR and ALC are immune-related peripheral
markers, their significance as predictive factors for the
efficacy of eribulin may not be identical; the EMBRACE
study demonstrated that both NLR and ALC were predictive
factors for eribulin and that NLR but not ALC was a
predictor for TPC (18). Ueno et al. classified patients treated
with eribulin according to NLR and ALC levels into three
groups: unfavorable (NLR ≥5), intermediate (ALC <1500/μl,
NLR <5.0), and favorable (ALC ≥1500/μl) and showed
different PFS in these three groups (p=0.006) (17). Thus,
even though ALC is a predictive factor for eribulin,
identification of further subgroups in which eribulin has
efficacy in terms of OS is needed.

In addition to NLR and ALC, C-reactive protein (CRP),
an inflammatory marker, is known to be a prognostic factor
for MBC (19). The purpose of this study, therefore, was to
identify the predictive efficacy of NLR, ALC, and CRP for
OS in MBC patients treated with eribulin using a
combination of these markers. 

Patients and Methods

Patient eligibility and clinical factors. All 82 patients who were
treated with eribulin for locally advanced or metastatic breast cancer
between August 2011 and August 2019 at Hyogo College of Medicine
Hospital were consecutively screened for recruitment into this study.
Of the 82 patients, those treated with concurrent anti-human
epidermal growth factor receptor 2 (HER2) therapy (n=5), or received
treatment of less than one cycle (n=2), or lacked CRP data (n=1) were
excluded. Patients with HER2-positive breast cancer were eligible for
treatment with eribulin monotherapy without anti-HER2 therapy;
finally, 74 patients were included in this retrospective study. A total
of 58 patients were included in a previous study by our group (15)
and the data were updated in April 2020.

All patients were diagnosed with breast cancer using
histopathology and cancers were considered to be estrogen receptor
(ER)-positive and progesterone receptor (PR)-positive if nuclear
staining was 1% or more. Cases were considered HER2-positive if
the immunohistochemistry (IHC) score was 3+; in cases of IHC
score 2+, we confirmed HER2 amplification by fluorescence in-situ
hybridization. Subtypes were classified as ER-positive and HER2-
negative, ER-negative and HER2-negative, and HER2-positive. One
patient had two tumors (ER-positive/HER2-negative and ER-
negative/HER2-negative). Patients with stage IV and recurrent
tumors were 18 and 56, respectively, and patients with and without
visceral metastasis were 34 and 40, respectively, (Table I). Adjuvant
or neoadjuvant chemotherapy was administered to 25 patients. The

median number of previous chemotherapy regimens for advanced
or metastatic breast cancer was one (range=0-8).

The ethics committee of the Hyogo College of Medicine
approved the present study (approval no. 1969) in accordance with
the Declaration of Helsinki. As the present study collected clinical
data retrospectively, the need for written informed consent was
waived.

Eribulin treatment and outcome evaluation. Eribulin was
administered intravenously at 1.4 mg/m2 over 5 min on days 1 and
8 of each 21-day cycle. In patients who were unable to tolerate this
dose and showed adverse events, the eribulin dose was reduced to
1.1 or 0.7 mg/m2. Administration was delayed if decreased
neutrophil count or increased liver enzyme levels were observed.
Eribulin treatment was continued until tumor progression (n=62) or
an intolerable adverse event (n=9) was observed and is ongoing in
three cases. PFS was defined as the period from the start of eribulin
therapy until disease progression or death due to any reason
(median, 4.3 months; range=0.7-29.2 months). We calculated OS
from the start of eribulin treatment to death from any reason
(median, 14.2 months; range=1.5-71.1 months).

Blood tests for NLR, ALC, and CRP. We collected baseline data on
peripheral blood counts, including white blood cell, neutrophil, and
lymphocyte levels, measured using automated hematology analyzers
(XN-9000, XN-1000, and XE-5000, Sysmex Corporation, Kobe,
Japan). Based on these data, we calculated NLR by dividing the
number of neutrophils by the number of lymphocytes. CRP levels
were measured with the LABOSPECT008 (Hitachi High-
Technologies Corporation, Tokyo, Japan). All blood tests were
performed on the same day or one day before the first
administration of eribulin. The cutoff values of NLR and ALC were
set at 3 and 1500/μl, respectively, according to previous studies (15,
18); cases below the cutoff values were defined as NLR-low and
ALC-low, respectively and those above the cutoff values as NLR-
high and ALC-high, respectively. Using the normal range of CRP
(<0.3 mg/dl) as a cutoff value, cases below and above 0.3 mg/dl
were classified as CRP-low and CRP-high, respectively.

Statistical analysis. Relationships between clinicopathological
characteristics and NLR, ALC, or CRP levels were determined by
Fisher’s exact test or the Wilcoxon rank-sum test. We used Kaplan-
Meier plots of PFS or OS for different groups of NLR, ALC, and
CRP levels, and statistical analyses were performed using log-rank
tests. Univariate and multivariate analyses for OS were calculated
using a Cox proportional-hazards model to obtain the HR and
95%CI. p-Values of less than 0.05 were considered to be statistically
significant. All statistical calculations were performed using JMP
Pro 13 (SAS Institute Inc., Cary, NC, USA).

Results

Clinicopathological characteristics of breast cancers
according to NLR, ALC, and CRP levels. Breast cancers were
divided according to NLR levels (low, n=33; high, n=41),
ALC levels (low, n=53; high, n=21), and CRP levels (low,
n=33; high, n=41) as shown in Table I. Patients with low CRP
were significantly younger than those with high CRP (median
58 years vs. 64 years; p=0.022). Patients were more likely to
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be premenopausal (53.8% vs. 21.7%; p=0.035) and estrogen
receptor-positive (35.2% vs. 10.5%; p=0.045) in the ALC-high
group than in the ALC-low group. Patients with two or more
previous chemotherapy regimens for MBC were frequent in
the NLR-high (75.8% vs. 39.0%; p=0.002) and ALC-low
groups (97.0% vs. 51.2%; p<0.0001), but no difference was
observed between the CRP groups (p=0.244). There was no
significant association between NLR, ALC, or CRP levels and
other clinicopathological characteristics, including PR and
HER2 status, subtypes, de novo or recurrence, metastatic sites,
and adjuvant or neoadjuvant chemotherapy.

Progression-free survival and overall survival of patients
treated with eribulin according to baseline NLR, ALC, and
CRP levels. Patients in the NLR-low group had significantly

longer PFS (HR=0.444; 95%CI=0.253-0.759; p=0.0028) and
OS (HR=0.394; 95%CI=0.203-0.726; p=0.0027) than those in
the NLR-high group (Figure 1A, B). Marginally longer PFS
and significantly longer OS were observed in patients of the
ALC-high group (HR=0.586; 95%CI=0.315-1.035; p=0.073
and HR=0.300; 95%CI=0.129-0.617, respectively; p=0.0013;
Figure 1C, D). Similarly, there were significantly longer PFS
and OS in patients of the CRP-low group (HR=0.514;
95%CI=0.297-0.873; p=0.0132 and HR=0.483;
95%CI=0.257-0.875; p=0.0164; Figure 1E, F). Next, we
compared OS for combinations of the different NLR, ALC,
and CRP levels, for example NLR-high and ALC-high, NLR-
high and ALC-low, etc. (Figure 2). The OS of patients
common to the NLR-high and ALC-low group (n=37;
p=0.0013; Figure 2A) and NLR-high and CRP-high group
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Table I. Clinicopathological characteristics of breast cancers according to neutrophil-to-lymphocyte ratio (NLR), absolute lymphocyte count (ALC),
or C-reactive protein (CRP).

                                                                      NLR-lowa     NLR-high    p-Value    ALC-lowb    ALC-high   p-Value    CRP-lowc     CPR-high   p-Value
                                                                         (n=33)          (n=41)                           (n=53)          (n=21)                           (n=33)          (n=41)

Age (years; 
median, range)                                            62 (34-78)   63 (38-83)       0.892      63 (38-83)    62 (34-78)     0.418     58 (34-76)    64 (34-83)    0.022

Menopausal statusd
  Pre-                                                               5 (38.5)e      8 (61.5)         0.764        6 (46.2)        7 (53.8)        0.035       8 (61.5)         5 (38.5)       0.219
  Post-                                                           27 (45.0)      33 (55.0)                        47 (78.3)      13 (21.7)                      24 (40.0)       36 (60.0)
Estrogen receptorf
  Positive                                                      24 (44.4)      30 (55.6)         0.999      35 (64.8)      19 (35.2)        0.045     21 (38.9)       33 (61.1)       0.184
  Negative                                                       8 (42.1)      11 (57.9)                        17 (89.5)        2 (10.5)                      11 (57.9)         8 (42.1)
Progesterone receptorf
  Positive                                                      20 (50.0)      20 (50.0)         0.343      27 (67.5)      13 (32.5)        0.604     18 (45.0)       22 (55.0)       0.999
  Negative                                                     12 (36.4)      21 (63.6)                        25 (75.8)        8 (24.2)                      14 (42.4)       19 (57.6)
HER2 status
  Negative                                                     31 (43.7)      40 (56.3)         0.583      51 (71.8)      20 (28.2)        0.999     32 (45.1)       39 (54.9)       0.999
  Positive                                                        2 (66.7)        1 (33.3)                          2 (66.7)        1 (33.3)                        1 (33.3)         2 (66.7)
Subtypesf
  ER+/HER2–                                              20 (50.0)      20 (50.0)         0.295      27 (67.5)      13 (32.5)        0.674     18 (45.0)       22 (55.0)       0.879
  ER–/HER2–                                              10 (33.3)      20 (66.7)                        23 (76.7)        7 (23.3)                     13 (33.3)       17 (56.7)
  HER2+                                                         2 (66.7)        1 (33.3)                          2 (66.7)        1 (33.3)                        1 (33.3)         2 (66.7)
De novo or recurrent tumor
  De novo                                                        5 (27.8)      13 (72.2)         0.112      13 (72.2)        5 (27.8)        0.999       6 (33.3)       12 (66.7)       0.292
  Recurrent                                                   28 (50.0)      28 (50.0)                        40 (71.4)      16 (28.6)                      27 (48.2)       29 (51.8)
Metastatic site
  Visceral                                                      15 (44.1)      19 (55.9)         0.999      24 (70.6)      10 (29.4)        0.999     18 (52.9)       16 (47.1)       0.242
  Non-visceral                                              18 (45.0)      22 (55.0)                        29 (72.5)       11 (27.5)                      15 (37.5)       25 (62.5)
Adjuvant or neoadjuvant chemotherapy
  No                                                              12 (38.7)      19 (61.3)         0.106      25 (80.6)        6 (19.4)        0.137     12 (38.7)       19 (61.3)       0.178
  Yes                                                             16 (64.0)        9 (36.0)                        15 (60.0)      10 (40.0)                      15 (60.0)       10 (40.0)
Number of prior chemotherapy 
regimens for advanced or 
metastatic breast cancer
  0 and 1                                                       25 (61.0)      16 (39.0)         0.002      21 (51.2)      20 (48.8)     <0.0001   21 (51.2)       20 (48.8)       0.244
  2 or more                                                     8 (24.2)      25 (75.8)                        32 (97.0)        1 (3.0)                        12 (36.4)       21 (63.6)

aNeutrophil-to-lymphocyte ratio high: ≥3, low: <3; babsolute lymphocyte count high: ≥1500/μl, low: <1500/μl; cC-reactive protein high: ≥0.3 mg/dl,
low: <0.3 mg/dl; dOne patient was male; e(%); fOne patient had two tumors (positive and negative); HER2: human epidermal growth factor receptor
2; ER: estrogen receptor.
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(n=29; p=0.0112; Figure 2B) was shorter than that of the other
groups. Similarly, OS was significantly shorter in the group of
patients with low ALC and high CRP levels than that in the
other groups of patients (n=32; p=0.0013; Figure 2C).

Univariate and multivariate analyses for OS of patients
treated with eribulin. Predictive significance for OS was
calculated by univariate analysis (Table II). The number of
prior chemotherapy regimens was significantly associated
with OS (HR=3.443; 95%CI=1.899-6.366; p<0.0001). In
addition, high NLR (HR=2.539; 95%CI=1.378-4.925;
p=0.018), low ALC (HR=3.332; 95%CI=1.620-7.767;
p=0.0007), and high CRP (HR=2.071; 95%CI=1.143-3.896;
p=0.018) were significant predictive factors for OS.
Similarly, high NLR and low ALC (HR=3.178;
95%CI=1.733-6.087; p=0.0002), high NLR and high CRP
(HR=2.173; 95%CI=1.212-3.899; p=0.010), and low ALC
and high CRP (HR=2.795; 95%CI=1.555-5.098; p=0.0006)
were significantly associated with worse OS.

Multivariate analysis adjusted for menopausal status,
subtypes, de novo or recurrence, metastatic site,
administration of adjuvant or neoadjuvant chemotherapy, and
number of prior chemotherapy regimens, NLR, ALC, and
CRP levels were not significantly associated with OS (Table
III). As for the combination of these markers, the
combination of ALC and CRP was significantly and
independently associated with OS by multivariate analysis
(adjusted HR=1.984; 95%CI=1.005-3.914; p=0.048 for
ALC-low and CRP-high group; Table III).

Association between CRP levels and neutrophil counts,
lymphocyte counts, and NLR levels. Neutrophil counts were
significantly lower in the CRP-low group (median: 2791/μl;
range=1760-6872/μl) than in the CRP-high group (median:
3775/μl; range=1676-19399/μl; p=0.0049; Figure 3A).
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Figure 1. Progression-free survival (PFS) of patients according to
baseline levels of neutrophil-to-lymphocyte ratio (NLR) (A). PFS was
significantly longer in patients with low NLR than in those with high
NLR (p=0.0028). Overall survival (OS) of patients according to
baseline NLR levels (B). OS was significantly longer in patients with
low NLR than in those with high NLR (p=0.0027). PFS of patients
according to baseline levels of absolute lymphocyte count (ALC) (C).
PFS was not significantly different (p=0.073). OS of patients according
to baseline ALC levels (D). OS was significantly longer in patients with
high ALC than in those with low ALC (p=0.0013). PFS of patients
according to baseline levels of C-reactive protein (CRP) (E). PFS was
significantly longer in patients with low CRP than in those with high
CRP (p=0.0132). OS of patients according to baseline CRP levels (F).
OS was significantly longer in patients with low CRP than in those with
high CRP (p=0.0164). NLR-high ≥3, NLR-low <3; ALC-high ≥1500/μl,
ALC-low <1500/μl; CRP-high ≥0.3 mg/dl, CRP-low <0.3 mg/dl.

→

Table II. Univariate analysis of overall survival.

                                                    n               HR (95%CI)a           p-Value 

Menopausal statusb
  Pre-                                           13                     1.00                      
  Post-                                          60        2.032 (0.927-5.353)        0.079
Estrogen receptorc 
  Positive                                     54                     1.00                      
  Negative                                    19        1.347 (0.693-2.491)        0.367
Progesterone receptorc
  Positive                                     40                     1.00                      
  Negative                                    33        1.269 (0.709-2.280)       0.421
HER2 status
  Negative                                    71                     1.00                      
  Positive                                       3        1.212 (0.197-3.984)        0.798
Subtypec
  ER+/HER2–                             40                     1.00                      
  ER–/HER2–                              30        1.262 (0.695-2.291)       0.441
  HER2+                                        3        1.346 (0.214-4.637)        0.701
De novo or recurrent tumor
  De novo                                     18                     1.00                      
  Recurrent                                  56        0.698 (0.370-1.410)       0.302
Metastatic site
  Visceral                                     34                     1.00                      
  Non-visceral                             40        0.898 (0.499-1.636)        0.720
Adjuvant or neoadjuvant 
chemotherapy
  No                                             31                     1.00                      
  Yes                                            25        0.888 (0.438-1.753)       0.735
Number of prior 
chemotherapy regimens
for advanced or
metastatic
breast cancer
  0 and 1                                      41                     1.00                      
  2 or more                                  33        3.443 (1.899-6.366)    <0.0001
NLR leveld
  Low                                           33                     1.00                      
  High                                          41        2.539 (1.378-4.925)       0.018
ALC levele
  High                                          21                     1.00                      
  Low                                           53        3.332 (1.620-7.767)       0.0007
CRP levelf
  Low                                           33                     1.00                      
  High                                          41        2.071 (1.143-3.896)       0.018
NLR/ALCd,e
  Others                                       37                     1.00                      
  NLR-H/ALC-L                         37        3.178 (1.733-6.087)       0.0002
NLR/CRPd,f
  Others                                       45                     1.00                      
  NLR-H/CRP-H                         29        2.173 (1.212-3.899)       0.010
ALC/CRPe,f
  Others                                       42                     1.00                      
  ALC-L/CRP-H                         32        2.795 (1.555-5.098)        0.0006

aHazard ratio (95% confidence interval); bOne patient was male; cOne
patient had two tumors (positive and negative); HER2: human
epidermal growth factor receptor 2; ER: estrogen receptor; dneutrophil-
to-lymphocyte ratio high (H): ≥3, low (L): <3; eabsolute lymphocyte
count high (H): ≥1500/μl, low (L): <1500/μl; fC-reactive protein high
(H): ≥0.3 mg/dl, low (L): <0.3 mg/dl.



Similarly, NLR levels were significantly lower in the CRP-
low group (median: 2.494; range=0.826-12.224) than in the
CRP-high group (median: 3.761; range=0.975-21.875;
p=0.0007; Figure 3C). In contrast, there was no significant
difference between ALC and CRP levels (median: 1179/μl;
range=190-2509/μl for CRP-low and median: 1032/μl;
range=322-2393/μl for CRP-high; p=0.1723; Figure 3B).

Discussion

In the present study, we demonstrated that OS was
significantly longer in patients treated with eribulin when
their baseline NLR was low (p=0.0027) or ALC was high
(p=0.0013). In addition, low levels of baseline CRP were
significantly associated with longer OS (p=0.0164).
Combined analysis of these factors revealed that OS was
significantly and independently shorter in patients with
baseline low ALC and high CRP by multivariate analysis
(adjusted HR=1.984; 95%CI=1.005-3.914; p=0.048). These
data might indicate that baseline levels of CRP improve the
predictive accuracy of ALC for eribulin efficacy.

As previously mentioned, both NLR and ALC have been
significantly associated with the prognosis of patients with
MBC treated with eribulin (15-18). In line with these
previous studies, we confirmed that baseline NLR

(HR=2.539; 95%CI=1.378-4.925; p=0.018) and ALC
(HR=3.332; 95%CI=1.620-7.767; p=0.0007) were predictors
of eribulin efficacy in terms of OS. According to the
retrospective analysis in the prospective EMBRACE study,
in which OS between eribulin and TPC groups were
investigated, HRs in patients with ALC ≥1500/μl and
<1500/μl were 0.586 (95%CI=0.437-0.784; p<0.001) and
1.002 (95%CI=0.800-1.253; p=0.989; interaction, p=0.003),
respectively (18). In contrast, the HRs in patients with NLR
≥3 and <3 were 0.856 (95%CI=0.669-1.096; p=0.218) and
0.755 (95%CI=0.572-0.996; p=0.046; interaction, p=0.451),
respectively. These data strongly indicate the significance of
ALC, but not NLR, as a specific predictive factor for eribulin
because NLR levels were associated with OS not only in
patients treated with eribulin, but also with TPC (18).
Although it is not specific for eribulin, NLR may still be
useful for identifying patients who could benefit from
eribulin treatment.

Consistent with the report of Ueno et al. (17), our data
indicate that the combination of NLR and ALC predicts OS
more accurately than either marker alone (Figure 2A),
although NLR and ALC were inversely correlated (data not
shown). However, the combination of ALC and CRP were
associated with OS most precisely, as shown in the present
study (Figure 2C, Table III). As expected, the OS of patients
in the ALC-high and CRP-low group (n=13, 2-year OS,
0.795) was the longest, and that in the ALC-low and CRP-
high group (n=32, 2-yearr OS, 0.151) was the shortest. ALC-
high and CRP-high patients (n=8, 2-year OS, 0.571) and
ALC-low and CRP-low patients (n=21, 2-year OS, 0.386)
showed intermediate OS (Figure 2C). Multivariate analysis
showed that the combination of ALC and CRP, but not NLR
and ALC or NLR and CRP, was significantly and
independently associated with OS (Table III).

In addition to NLR, CRP is a peripheral blood marker of
inflammation and patients with high CRP levels have been
repeatedly reported to have shorter OS (20-22). A significant
association between elevated CRP levels and a higher incidence
of breast cancer was also confirmed by the meta-analysis
reported by Guo et al. (23). These studies suggest an important
role for CRP in various stages of breast cancer from initiation
and progression to metastasis. CRP is produced by several
inflammatory cytokines, including interleukin-6 and tumor
necrosis factor-α (24). It is evident that inflammation promotes
tumor progression through angiogenesis, cancer-associated
fibroblasts, tumor-associated macrophages, and neutrophil
infiltration, resulting in a favorable microenvironment for breast
cancer (25). At the same time, inflammation and immunity are
tightly connected and contribute to tumor progression (26).
Based on these observations, we speculate that higher levels of
CRP represent a promoting microenvironment for tumor
progression and an unfavorable immune microenvironment for
breast cancer patients.
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Table III. Multivariate analysis of overall survival.

                                                    n             HR (95%CI)a,b          p-Value 

NLR levelc
  Low                                           33                     1.00                      
  High                                          41        1.738 (0.873-3.458)       0.115
ALC leveld
  High                                          21                     1.00                      
  Low                                           53        1.444 (0.551-3.785)       0.455 
CRP levele
  Low                                           33                     1.00                      
  High                                          41        1.501 (0.764-2.949)       0.239
NLR and ALC levelc,d
  Others                                       37                     1.00                      
  NLR-H/ALC-L                         37        1.931 (0.957-3.896)       0.066
NLR and CRP levelc,e
  Others                                       45                     1.00                      
  NLR-H/CRP-H                         29        1.706 (0.938-3.103)       0.080
ALC and CRP leveld,e
  Others                                       42                     1.00                      
  ALC-L/CRP-H                         32        1.984 (1.005-3.914)        0.048

aHazard ratio (95% confidence interval); bAdjusted for menopausal
status, subtypes, de novo or recurrent tumor, metastatic site, adjuvant or
neoadjuvant chemotherapy, and number of prior chemotherapy regimens
for advanced or metastatic breast cancer; cneutrophil-to-lymphocyte
ratio high (H): ≥3, low (L): <3; dabsolute lymphocyte count high (H):
≥1500/μl, low (L): <1500/μl; eC-reactive protein high (H): ≥0.3 mg/dl,
low (L): <0.3 mg/dl.
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Figure 2. Overall survival (OS) of patients according to baseline levels of neutrophil-to-lymphocyte ratio (NLR) and absolute lymphocyte count
(ALC) (A). OS was significantly associated with NLR and ALC levels (p=0.0013). OS of patients according to baseline levels of NLR and C-reactive
protein (CRP) (B). OS was significantly associated with NLR and CRP levels (p=0.0112). OS of patients according to baseline ALC and C-reactive
CRP levels (C). OS was significantly associated with ALC and CRP levels (p=0.0013). Neutrophil-to-lymphocyte ratio (N), high (H) ≥3, low (L)
<3; absolute lymphocyte count (A), high (H) ≥1500/μl, low (L) <1500/μl; C-reactive protein (C), high (H) ≥0.3 mg/dl and low (L)<0.3 mg/dl.



As demonstrated in the present study, NLR was
significantly associated with CRP (p=0.0007), but there was
no significant association between ALC levels and CRP
(p=0.1723, Figure 3). We speculate that high levels of serum
CRP represent an immunosuppressive microenvironment that
is favorable for cancer progression (25, 26). Inflammation
status in the tumor microenvironment, as indicated through
CRP levels, may influence the immune reaction against
breast cancer as evaluated by ALC levels. Based on these
hypotheses, we believe that the combination of ALC and
CRP can predict eribulin efficacy more precisely.

PFS was significantly longer in patients who received three
chemotherapy regimens for advanced disease compared to
those who had more than three chemotherapy regimens
(median PFS, 8.6 months vs. 4.6 months; p=0.008) (27).
Similarly, in a post-hoc pooled analysis of studies 305 and
301, which compared eribulin and TPC or capecitabine,
patients with ≤3 prior chemotherapy regimens had longer
median OS with eribulin (15.3 vs. 13.2 months; p=0.01) (28).
Thus, on the basis of those data and data from the present
study, we estimate that eribulin treatment has an impact on
prognosis. NLR and ALC levels were significantly associated
with the number of prior chemotherapy regimens (Table I).
However, after multivariate analysis none of these factors
were significant (Table III), suggesting that NLR and ALC

could only be effective predictors on their own. In contrast,
the combination of ALC and CRP was an independent
predictive factor for eribulin by multivariate analysis including
the number of previous chemotherapy regimens.

This study has several limitations. First, we retrospectively
collected data from patients treated with eribulin and
patients’ backgrounds were not balanced in subgroups.
Second, whether the predictive efficacy of the ALC and CRP
combination is eribulin-specific is still unknown. These
issues need to be confirmed in the future using prospective
studies including a larger number of patients, and detailed
experiments on immune markers.

In conclusion, we have demonstrated that baseline levels of
CRP provide additional information on the predictive efficacy
of ALC for improved OS induced by eribulin. These are
widely available simple markers with low costs and might be
useful in clinical practice for selecting patients who may
benefit from eribulin treatment in terms of improved OS.
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Figure 3. Absolute neutrophil count (A), absolute lymphocyte count (B), and neutrophil-to-lymphocyte ratio (C) according to C-reactive protein
(CRP) levels. Neutrophil counts were significantly higher in patients with high CRP levels than in those with low CRP levels (p=0.0049) (A).
Lymphocyte counts were not associated with CRP levels (p=0.1723) (B). NLR was significantly higher in patients with high CRP levels than in
those with low NLR levels (p=0.0007) (C). CRP high ≥0.3 mg/dl, low <0.3 mg/dl.
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