
Abstract. Background: Studies have found that patients
with cancer exhibit abnormal leukocyte fractions, such as
elevated neutrophil count and diminished lymphocyte count,
and that the neutrophil-to-lymphocyte ratio (NLR) provides
a surrogate marker for prognosis and response to treatment
of patients after radical surgery for several different types of
cancer. However, few reports have addressed the association
between the NLR and response to endocrine therapy. In this
study, we carried out a clinical investigation to confirm
whether or not the NLR predicted the response to endocrine
therapy of stage IV breast cancer. Patients and Methods: The
study subjects were 34 patients who underwent endocrine
therapy as initial drug therapy for stage IV breast cancer.
The correlation between NLR and prognosis, including the
efficacy of endocrine therapy, was evaluated retrospectively.
Results: Among the 34 patients, the NLR was high in 10
(29.4%) and low in 24 (70.6%). In analysis of outcomes, the
group with low NLR had a significant prolongation of
progression-free survival (p=0.003), time to treatment failure
(p=0.031), and overall survival (p=0.013) compared to the
group with high NLR. Univariate analysis of progression-free
survival found that responding to treatment [hazard ratio
(HR)=4.310, p=0.004] and low NLR (HR=3.940, p=0.016)
were factors associated with a favorable prognosis.
Multivariate analysis also showed that responding to
treatment (HR=4.329, p=0.006) and low NLR (HR=3.930,
p=0.008) were independent factors associated with a

favorable prognosis. Conclusion: Our results suggested that
the NLR may represent a predictive marker for response to
endocrine therapy in stage IV breast cancer.

In the clinical management of breast cancer, some patients
will already be at stage IV, with distant metastasis already
present at the time of initial examination. Although the
prognosis for breast cancer with distant metastasis is poor,
recent advances in multimodal therapies now offer promise
for improving this prognosis (1). Nevertheless, once breast
cancer has progressed from the primary tumor to beyond
regional lymph nodes, complete recovery is difficult. The
objective of treatment then shifts from recovery to palliative
care, with the goals of controlling symptoms, improving
quality of life (QOL), and prolonging overall survival (OS).
In particular, in the treatment of conditions that are non-life-
threatening, it is important to select therapies that maintain
QOL. Endocrine therapy causes milder adverse events
compared to chemotherapy, and is therefore often chosen in
cases of hormone receptor-positive breast cancer (HRBC) for
this reason (Hortobagyi’s algorithm) (2). Some patients who
are positive for hormone receptor expression nevertheless
exhibit resistance to hormone therapy, with resistance to
first-line therapy being termed ‘de novo’ endocrine resistance
and resistance to second-line or subsequent therapy as
‘acquired’ endocrine resistance. If it were possible to predict
de novo endocrine resistance before the start of treatment,
this would greatly contribute to the choice of treatment for
stage IV breast cancer. Reported markers of response to
endocrine therapy include the preoperative endocrine
prognostic index and Ki67 level for preoperative endocrine
therapy for early-stage breast cancer (3, 4). However, no
predictor of the response of stage IV HRBC to endocrine
therapy has yet been identified.

Studies have found that patients with cancer exhibit
abnormal leukocyte fractions, such as elevated neutrophil
count and diminished lymphocyte count, and that the
neutrophil-to-lymphocyte ratio (NLR) provides a surrogate
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marker for the prognosis and response to treatment of
patients after radical surgery for several different types of
cancer (5-8). Neutrophils act to encourage the proliferation
of tumor cells and to promote angiogenesis and distant
metastasis, while lymphocytes are known to be responsible
for the immune reaction to tumors. The NLR provides an
index of their correlation, and patients with a high NLR have
been shown to have a worse prognosis than those with a low
NLR, and to be resistant to chemotherapy (7, 9, 10).
However, few reports have addressed the association
between the NLR and response to endocrine therapy. We
therefore hypothesized that the NLR may provide a
predictive marker for response to endocrine therapy. In this
study, we carried out a clinical investigation to confirm
whether or not the NLR predicted the response to endocrine
therapy of stage IV breast cancer.

Materials and Methods

Patient background. The study subjects were 34 patients who
underwent endocrine therapy as initial drug therapy for stage IV
breast cancer at our hospital between June 2004 and December
2013. The median follow-up time was 155 weeks (range=13-553
weeks). The overall response rate (ORR), clinical benefit rate
(CBR), disease control rate (DCR), OS, time to treatment failure
(TTF) and progression-free survival (PFS) were calculated
regarding the efficacy of this regimen. The ORR was calculated as
the sum of patients with complete (CR) or partial (PR) response.
The CBR was calculated as the sum of CR, PR and stable disease
(SD) (for >24 weeks) divided by the total number of patients. The
DCR was calculated as the sum of CR, PR and SD (other) divided
bythetotal number of patients. The OS was evaluated daily and was
calculated as the time from the start of treatment to the patient’s
death. The TTF was evaluated daily and was calculated as the time
from the start of treatment to discontinuation of treatment for any
reason, including disease aggravation, adverse events, or death. The
PFS was evaluated daily and was calculated as the time from the

start of treatment to either confirmation of progressive disease or
death, whichever occurred first. Additionally, tumor stage and T and
N factors were stratified based on the Seventh Edition of the Union
for International Cancer Control (UICC) TNM Classification of
Malignant Tumors (11). Breast cancer was confirmed histologically
by core needle biopsy and staged by systemic imaging studies using
computed tomography, ultrasonography, and bone scintigraphy.
Breast cancer was classified into subtypes according to the
immunohistochemical expression of estrogen receptor (ER),
progesterone receptor (PR), epidermal growth factor receptor 2
(HER2), and Ki67. Based on their immunohistochemical expression,
the tumours were categorized into the immunophenotypes: luminal
A (ER-positive and/or PgR-positive, HER2-negative, Ki67-low),
luminal B (ER-positive and/or PgR-positive, HER2-positive:
luminal HER2; ER-positive and/or PgR-positive, HER2-negative,
Ki67-high), HER2-enriched (ER-negative, PgR-negative, and
HER2-positive), and TNBC (negative for ER, PgR and HER2) (12).
In this study, luminal A and luminal B were considered as HRBC.

The endocrine therapy was administered on an outpatient basis
in all cases. This protocol was repeated until progressive disease
(PD) was detected or a severe adverse event requiring the
discontinuation of the scheduled endocrine therapy was noted.
Therapeutic antitumor effects were assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST) criteria
(13). All clinical evaluations in this study were performed by image
assessment. TTF was evaluated on a daily basis and was set as the
period from the date of treatment commencement to cancellation for
any reason, including disease aggravation, treatment toxicity and
death. OS was evaluated on a daily basis and was set as the period
from the date of treatment commencement to death. PFS was
evaluated on a daily basis and was set as the period from the date
of treatment commencement to the earlier of the date of death or
confirmation of PD.

Ethics statement. This study was conducted at Osaka City
University Graduate School of Medicine, Osaka, Japan, according
to the Reporting Recommendations for Tumour Marker Prognostic
Studies (REMARK) guidelines and a retrospectively written,
research, pathological evaluation, and statistical plan. Written,
informed consent was obtained from all patients. This research
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Table I. Demographical data of 34 patients treated with endocrine therapy for stage IV breast cancer.

                                                                                      Parameter (n=34)                                                                                 Value

Age, years                                                                       Median (range)                                                                               63 (44-88)
Menopause, n (%)                                                               Post-/pre-                                                                          28 (82.4%)/6 (17.6%)
Metastasis, n (%)                                                  Bone or soft-tissue/visceral                                                           17 (50.0%)/17 (50.0%)
ER or PgR, n (%)                                            Strongly positive/weakly positive                                                      28 (82.4%)/6 (17.6%)
HER2, n (%)                                                                 Negative/positive                                                                    30 (88.2%)/4 (11.8%)
Ki67, n (%)                                                                       ≤14%/>14%                                                                        27 (79.4%)/7 (20.6%)
Treatment, n (%)                                   Letrozole/anastrozole/tamoxifen*/exemestane                            20 (58.8%)/7 (20.6%)/6 (17.7%)/1 (2.9%)
Clinical response, n (%)                            CR/PR/SD≥24 weeks/SD<24 weeks/PD                          0 (0.0%)/26 (76.5%)/4 (11.7%)/2 (5.9%)/2 (5.9%)
Clinical response, n (%)                                                ORR/CBR/DCR                                                          26 (76.5%)/30 (88.2%)/32 (94.1%)
NLR                                                                                     High/Low                                                                         10 (29.4%)/24 (70.6%)

ER, Estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2; CR, complete response; PR, partial response;
SD, stable disease; PD, progressive disease; ORR, objective response rate; CBR, clinical benefit response; DCR, disease control rate. neutrophil-
to-lymphocyte ratio (NLR). *With/without LHRH agonist.



conformed to the provisions of the Declaration of Helsinki in 2013.
The study protocol was approved by the Ethics Committee of Osaka
City University (#926).

Blood sample analysis. Peripheral blood was obtained at the time
of diagnosis, before treatment. The numbers of white blood cells
were determined using a hemocytometer. The percentages of
different types of cells were determined using a Coulter LH 750
Hematology Analyzer (Beckman Coulter, Brea, CA, USA). NLR
was calculated from the preoperative blood sample by dividing the
absolute neutrophil count by the absolute lymphocyte count. Based
on previous studies, an NLR value of 3.0 was used as the cutoff
value to discriminate between high-NLR (≥3.0) and low-NLR
(<3.0) (10, 14, 15).

Statistical analysis. Statistical analysis was performed using the
SPSS version 19.0 statistical software package (IBM, Armonk,
NY, USA). The associations between NLR and clinicopathological
variables, and the significance of different prognostic markers
were analyzed using the chi-square test (or Fisher’s exact test
when necessary). The Kaplan–Meier method was used to estimate
the values of OS, TTF and PFS. The OS, TTF and PFS values
were compared using the log-rank test. The Cox proportional
hazards model was used to compute univariate and multivariate
hazards ratios (HR) for the study parameters with 95% confidence
interval (CI), and was used in a backward stepwise method for
variable selection in multivariate analyses. A p-value of less than
0.05 was considered significant. Cutoff values for different
biomarkers included in this study were chosen before statistical
analysis (10, 14, 15).

Results
Endocrine therapy in stage IV breast cancer. Table I shows
the background characteristics of 34 patients who
underwent endocrine therapy as the initial drug therapy for
stage IV breast cancer (Table I). All patients were women,
with a median age of 63 years (range 44 to 88 years); bone
or soft tissue was the site of metastasis in 17 patients
(50.0%), and visceral metastasis was present in 17 patients
(50.0%). The median PFS was 75 weeks (Figure 1A),
median TTF was 65 weeks (Figure 1B), and median OS
was 379 weeks (Figure 1C). 

Prediction of response to treatment using the NLR. Among all
34 patients, the NLR was high in 10 (29.4%) and low in 24
(70.6%) patients. Investigation of the clinical pathological
features of patients showed no significant differences between
the high and low NLR groups (Table II). In analysis of
outcomes, the low NLR group had significant prolongation
of PFS (p=0.003, log-rank) (Figure 2A), TTF (p=0.031, log-
rank) (Figure 2B), and OS (p=0.013, log-rank) (Figure 2C)
compared to the high NLR group. Univariate analysis of PFS
found that responding to treatment (HR=4.310, p=0.004) and
low NLR (HR=3.940, p=0.016) were factors associated with
a favorable prognosis (Table III) (Figure 3). Multivariate
analysis confirmed that responding to treatment (HR=4.329,
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Figure 1. Clinical effects of endocrine therapy for stage IV breast
cancer. Kaplan–Meier curves for progression-free survival (PFS) (A)
(median=75 weeks), time to treatment failure (TTF) (B) (median=65
weeks), and overall survival (OS) (C) (median=379 weeks).



p=0.006) and low NLR (HR=3.930, p=0.008) were
independent factors associated with a favorable prognosis.

Discussion

The TNM classification of tumor factors has conventionally
been used as an indicator of cancer prognosis, but cancers
at the same stage of progression vary in their prognosis, and
host factors such as inflammatory reaction, nutritional
status, and immune environment have been attracting
attention as new indices (16-18). These indices of
inflammation are calculated based on leukocytes,
neutrophils, lymphocytes, platelets, C-reactive protein,
albumin, and other factors contained in blood, and are
therefore easy to measure (19, 20). Combinations of these
factors, such as the NLR, the lymphocyte-to-monocyte ratio,
the platelet-to-lymphocyte ratio, and the Glasgow prognostic
score have been reported as useful predictive markers for
cancer prognosis (5, 21-23). In the breast cancer field, it was
recently reported that immune reactions are implicated in
response to treatment and play an important role in
prognosis (24). The host immune response to cancer is now
believed to affect not only the results of immunotherapy, but
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Table II. Correlation between clinicopathological features and
neutrophil-to-lymphocyte ratio (NLR) in 34 patients with stage IV breast
cancer.

Parameter                                           NLR, n (%)                      p-Value

                                            High (n=10)         Low (n=24)

Age at operation
  ≤64 Years                           6 (60.0%)           13 (54.2%)              
  >64 Years                           4 (40.0%)           11 (45.8%)           0.529
Menopause
  Pre-menopausal                 0 (0.0%)               6 (25.0%)              
  Post-menopausal             10 (100.0%)         18 (75.0%)           0.100
Metastasis
  Bone or soft-tissue            6 (60.0%)           11 (45.8%)              
  Visceral                              4 (40.0%)           13 (54.2%)           0.354
ER or PgR
  Strongly positive               7 (70.0%)           21 (87.5%)              
  Weakly positive                 3 (30.0%)             3 (12.5%)           0.228
HER2
  Negative                             9 (90.0%)           21 (87.5%)              
  Positive                              1 (10.0%)             3 (12.5%)           0.666
Ki67 index
  ≤14%                                10 (100.0%)         17 (70.8%)              
  >14%                                  0 (0.0%)               7 (29.2%)           0.064
Objective response 
  Yes                                     6 (60.0%)           20 (83.3%)              
  No                                      4 (40.0%)             4 (16.7%)           0.154

ER, Estrogen receptor; PgR, progesterone receptor; HER2, human
epidermal growth factor receptor 2. 

Figure 2. Kaplan–Meier curves for progression-free survival (PFS) (A),
time to treatment failure (TTF) (B), and overall survival (OS) (C) of patients
with stage IV breast cancer according to neutrophil-to-lymphocyte ratio
(NLR). In analysis of outcomes, the group with a low NLR had significant
prolongation of PFS (log-rank p=0.003), TTF (log-rank p=0.031, and OS
(log-rank p=0.013) compared to the group with high NLR. 



also the response to conventional anticancer therapies such
as chemotherapy, as well as prognosis (25, 26). However,
few studies have addressed the association between these
indices for evaluating systemic inflammatory response and
endocrine therapy.

In addition to estrogen, the endocrine receptors that play
an important role in the development and progression of
breast cancer are also activated via multiple signal
cascades, such as pathways mediated by phosphorylation
by growth factors (non-genomic action), and their
regulation is dependent on the immune microenvironment

surrounding cancer cells (27). For this reason, regulating
and improving the immune response to cancer may also be
key in endocrine therapy that has been shown to have an
antitumor effect by blocking the action of estrogen or
suppressing its production. Studies have also found a
correlation between stage of progression and immune
activity in the immune response to cancer. Stage IV breast
cancer, which was the subject of this study, is thus a state
of high immune activity, suggesting that the NLR and other
indices of inflammation may provide useful biomarkers of
its response to endocrine therapy.
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Table III. Univariate and multivariate analysis with respect to progression-free survival in 34 patients with stage IV breast cancer.

                                                                                                                                Univariate analysis                                      Multivariate analysis

Parameter                                                                                            Hazard ratio        95% CI            p-Value    Hazard ratio         95% CI        p-Value

Age                                               ≤64 vs. >64 Years                               1.119          0.479-2.617          0.795                                                               
Menopause                             Pre- vs. Post-menopausal                         2.285          0.527-9.910          0.270                                                               
Metastasis                          Visceral vs. bone or soft-tissue                     1.316          0.566-3.058          0.523                                                               
ER or PgR                    Weakly positive vs. strongly positive               1.770          0.411-7.625          0.443                                                               
Ki67 index                                     >14% vs. ≤14%                                 1.024          0.375-2.798          0.963                                                               
Objective response                            No vs. yes                                     4.310         1.595-11.628         0.004            4.329           1.534-12.195      0.006
NLR                                                 High vs. Low                                   3.940         1.470-10.562         0.016            3.930           1.424-10.845      0.008

CI, Confidence interval; ER, estrogen receptor; PgR, progesterone receptor; ORR, overall response rate; NLR, neutrophil-to-lymphocyte ratio.

Figure 3. Forest plots of the results of progression-free survival analysis. Univariate analysis of progression-free survival found that responding to
treatment hazard ratio=4.310) and low neutrophil-to-lymphocyte ratio (NLR) (hazard ratio=3.940, p=0.016) were factors associated with a favorable
prognosis.



In this study, patients with a low NLR exhibited greater
sensitivity to endocrine therapy compared with those with a
high NLR. A possible mechanism for this correlation between
the NLR and endocrine sensitivity is as follows. The host’s
non-specific systemic inflammatory response to the tumor
results in an increase in neutrophils and a relative decrease in
lymphocytes, which increases the NLR. Neutrophils release
chemokines and other substances that promote angiogenesis,
thereby increasing tumor growth, whereas lymphocytes are
involved in antitumor immunity and thus act to inhibit
tumors. A rise in the NLR is therefore implicated in tumor
growth and progression and indicates a poor prognosis. In
states of high immune activity such as stage IV breast cancer,
the NLR becomes relatively lower. The use of endocrine
therapy for patients with a low NLR will further activate the
immune response, thus enhancing its antitumor effect.

Furthermore, in chemotherapy and radiotherapy,
immunogenic cell death is induced by treatment (28-30).
Cancer cells that have undergone immunogenic cell death
induce the maturation of dendritic cells (DCs) via the action
of toll-like receptor expressed on the surface of DCs, whose
activation is mediated by high-mobility group box 1, thereby
promoting antigen presentation and T-cell activation (31).
Anticancer treatments thus have a profound effect on the
body’s immune response, and the immune response may also
be activated by a similar mechanism in endocrine therapy.

In this study, we evaluated the NLR in the peripheral
blood of patients with stage IV breast cancer. As it uses
blood sampled prior to treatment, it has the advantages of
simplicity and imposing little strain on patients. However,
this study had the limitation of being a retrospective study
of a small number of patients. It is to be hoped that
international phase III clinical trials of neoadjuvant
endocrine therapy will also investigate the value of the NLR
in predicting response to treatment (4, 32).

Our results suggested that the NLR may act as a predictive
marker for response to endocrine therapy in stage IV breast
cancer.
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