
Abstract. Background/Aim: The utility of peripheral blood
neutrophil–to–lymphocyte ratios (NLRs) and platelet–to–
lymphocyte ratios (PLRs) as prognostic predictors of surgery
and chemotherapy in breast cancer has been reported. In this
study, NLRs and PLRs were calculated before treatment and
during cancer progression in primary hormone receptor-
positive breast cancer (HRBC) patients who chose endocrine
therapy (ET) as the primary treatment, and prognostic
prediction and factor analysis were performed. Patients and
Methods: A total of 55 patients diagnosed with stage IIIB, IIIC,
or IV HRBC who received ET as the primary treatment were
included. Results: Increased NLRs were found to significantly
contribute to a shorter overall survival from cancer progression
(OS-CP) (p=0.040, log-rank). Increased PLRs were similarly
associated with a shorter OS-CP (p=0.036, log-rank). In
multivariate analysis, an increased NLR was an independent
prognostic factor (p=0.035, hazard ratio(HR)=5.221).
Conclusion: Changes in NLRs and PLRs become prognostic
indicators when the therapeutic effect of ET is limited.

The usefulness of the peripheral blood neutrophil–to–
lymphocyte ratio (NLR) as a prognostic predictor of the
outcome of surgery and chemotherapy in breast cancer has

been reported in a meta-analysis (1). Likewise, the
peripheral blood platelet–to–lymphocyte ratio (PLR) has
been reported to be useful for prognostic prediction in other
meta-analyses (2, 3). Neutrophils resulting from
inflammation produce ligands that induce proliferation of
tumor cells and cytokines that induce angiogenesis (4-6).
Platelets contain a large quantity of growth factors such as
platelet-derived growth factor (PDGF) and transforming
growth factor (TGF)-β, which affect tumor cells (7-11).
Lymphocytes are responsible for the immune function of
the host and inhibit the progression of cancer (12). That is,
the immune microenvironment surrounding cancer
contributes to cancer progression and metastasis, and NLRs
and PLRs are good indicators reflecting the balance
between the tumor-promoting environment and the
antitumor immune status. We have previously reported on
the correlation between NLRs or PLRs and prognosis in
preoperative chemotherapy and endocrine therapy (ET) in
breast cancer (13-15). However, in most previous reports,
including ours, the evaluations were conducted prior to
treatment that strongly influences NLR and PLR. However,
since ET has little effect on peripheral blood, these ratios
may reflect the tumor immune environment even after
treatment has started.

Regarding the treatment of hormone receptor-positive
breast cancer (HRBC) with distant metastasis, ET is often
selected as the primary treatment when using the Hortobagyi
algorithm (16). When the treatment effect of ET is reduced,
it becomes necessary to change to another ET or
chemotherapy. Recently, cyclin-dependent kinase (CDK) 4/6
inhibitors have been used clinically in patients with ET-
resistant HRBC. However, there are no indicators to reliably
determine when to switch from ET to chemotherapy.
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Therefore, we hypothesized that changes in NLR and PLR
before and after ET as the primary treatment may be used to
predict prognosis after first-line ET. In this study, NLRs and
PLRs were calculated before treatment and at cancer
progression in primary HRBC patients who chose ET as their
primary treatment and further prognostic prediction and
factor analysis were performed.

Patients and Methods

Patient background. HRBC patients diagnosed with stage IIIB,
IIIC, or IV who received ET as the primary treatment at the Osaka
City University Hospital from November 2007 to September 2017
were included in this study. All patients underwent a biopsy before
treatment and were pathologically diagnosed with breast cancer.
Classification into subtypes was performed using biopsy tissue that
was subjected to immunohistochemical staining for estrogen
receptor (ER), progesterone receptor (PgR), human epidermal
growth factor receptor 2 (HER2), and Ki67. We defined patients
with ER-positive and/or PgR-positive tumors as having HRBC. The
stage of breast cancer was determined using ultrasonography (US),
computed tomography (CT), and bone scintigraphy. Simultaneously
duplicated cancer cases were excluded from this study. After the
initiation of ET, all patients were followed up with physical and
image examinations as necessary in the outpatient clinic. Within
the follow-up period, cases in which the primary tumor was excised
were excluded from this study. Therapeutic effects were evaluated
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) (17). Patients with clinical partial response (cPR) and
clinical complete response (cCR) were defined as “Responders”,
and patients with clinical stable disease (cSD) and clinical
progressive disease (cPD) were designated as “Non-responders” in
the objective response rate (ORR). The day on which the
therapeutic effect of the primary ET was evaluated as cPD was
named “day-PD”. Progression-free survival (PFS) was defined as
the period from treatment initiation to the day-PD or death. The
period from the day-PD to the time of death was named overall
survival (OS) from cancer progression (OS-CP). The median
follow-up period from the initiation of the primary ET was 1,075
days (range=214-3,379 days).

Blood sample analysis. Peripheral blood was analyzed before
treatment and on day-PD. The number of blood cells was determined
using a hemocytometer. Percentages of different cell types were
determined using a Coulter LH 750 Hematology Analyzer (Beckman
Coulter, Brea, CA, USA). As a result, absolute neutrophil, absolute
lymphocyte, and absolute platelet counts were measured. The NLR
was calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count. Similarly, the PLR was calculated by
dividing the absolute platelet count by the absolute lymphocyte
count. The median values of NLRs and PLRs before treatment and
on day-PD were set as cut-off values, respectively.

Ethics statement. This study was conducted at the Osaka City
University Graduate School of Medicine (Osaka, Japan), according
to the Reporting Recommendations for Tumor Marker Prognostic
Studies (REMARK) guidelines. The study protocol involved a
retrospectively written research, pathological evaluation, and
statistical analysis (18). The study complied with the provisions of

the Declaration of Helsinki, and all patients provided written
informed consent for their treatment and data collection. The study’s
retrospective protocol was approved by the ethics committee of
Osaka City University (#926).

Statistical analysis. All statistical analyses were performed using
the JMP software package (SAS, Tokyo, Japan). The relationship
between factors was examined using the χ2 test. The Kaplan–Meier
method and the log-rank test were used for comparisons between
PFS-ST and OS-CP. The hazard ratio (HR) and 95% confidence
intervals (CI) were calculated using the Cox proportional hazards
model. Multivariate analysis was performed using the Cox
regression model. Statistical significance was defined as a p-value
of less than 0.05.

Results
Clinicopathological features. Fifty-five patients with HRBC
diagnosed as stage IIIB, IIIC, or IV who received ET as
primary treatment were included in this study. Their
clinicopathological features are shown in Table I. The
median age was 65 (range=40-4) years old. The median
tumor diameter was 41.0 mm (range=11.8-146.3 mm), with
41 patients (74.5%) having a skin infiltration. Only eight
patients (14.5%) did not have lymph node metastasis and 22
patients (40.0%) had lymph node metastasis, which was
diagnosed as N3. Forty patients (72.7%) had distant
metastasis, with bone (24 cases; 43.6%) and lung (22 cases;
40.0%) being the most frequent metastatic sites, while 19
patients (34.5%) had distant metastases in multiple organs.
From the above, 11 patients (20.0%) were diagnosed as
stage IIIB, four (7.3%) as stage IIIC, and 40 (72.7%) as
stage IV. All patients with bone metastasis received
zoledronic acid or denosumab in combination with ET. Two
patients (3.6%) received radiotherapy, one with brain
metastasis and one with bone metastasis. All patients were
positive for ER, but 13 patients (23.6%) were negative for
PgR. Three patients (5.5%) were positive for HER2 but did
not receive any HER2-targeted drugs such as trastuzumab.
Ki67 was highly expressed in 25 patients (45.5%). Letrozole
(LET) was the most commonly used primary endocrine
therapy (35 cases; 63.7%). Thirty-seven patients (67.3%)
were evaluated as responders in the ORR. Thirty patients
(54.5%) who received primary ET were evaluated as PD
because of an increase in the existing tumor, and 25 patients
(45.5%) were evaluated as PD because of the appearance of
new metastasis. The median PFS for first endocrine therapy
was 406 days (range=10-2738 days). Forty-seven patients
(85.5%) received another ET as second-line treatment.
Sixteen patients (29.1%) died of breast cancer and one
(1.8%) died of another cause.

Before treatment, the median NLR was 2.03 (range=0.66-
10.66) and the median PLR was 132.10 (range=36.22-
427.63). At day-PD, the median NLR was 1.72 (range=0.62-
26.17) and the median PLR was 115.82 (range=49.84-
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482.04). In 33 patients (60.0%), NLR was decreased on day-
PD compared with the day before treatment. The PLR also
decreased in the same number of patients.

Correlations between clinicopathological features and the
change in the NLR or PLR. Correlations between changes in
NLR and PLR in patients receiving primary ET were
examined (Table II). In the decreased PLR group, the tumor
size was significantly larger (p=0.037). The decreased PLR
group had significantly higher NLRs and PLRs before
treatment (p=0.037, p=0.008, respectively). In the decreased
NLR group, PLR declined significantly (p<0.001) on day-
PD (p=0.021). In the increased PLR group, new metastases
appeared more frequently (p=0.027). The PFS for first
endocrine therapy was significantly longer in the group in

which both NLR and PLR decreased (p=0.001 and p=0.037,
respectively).

Association of NLR or PLR with prognosis. Kaplan–Meier
survival curves for OS-CP and NLRs or PLRs are shown in
Figure 1. An increased NLR was found to significantly
contribute to a shorter OS-CP (p=0.040, log-rank) and
similarly for an increased PLR (p=0.036, log-rank). In
univariate analysis of OS-CP, an increased NLR or PLR was
found to significantly contribute to a shorter OS-CP
(Increased NLR; p=0.046, HR=2.656. Increased PLR;
p=0.046, HR=2.697) (Table III). Furthermore, in
multivariate analysis, an increased NLR was an independent
factor, as was HER2-negative or the appearance of a new
metastasis (p=0.035, HR=5.221).
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Table I. Clinicopathological features of 55 patients with HRBC diagnosed as Stage IIIB, IIIC or IV who received ET as the primary treatment.

Parameters (n=55)                                                                                                                                  Number of patients (%)

Age (years old)                                                                                                                                                  65 (40-94)
Tumor size (mm)                                                                                                                                         41.0 (11.8-146.3)
Skin infiltration
   Negative/Positive                                                                                                                                 14 (25.5%)/41 (74.5%)
Lymph node metastasis
   N0/N1/N2/N3                                                                                                                     8 (14.5%)/8 (14.5%)/17 (31.0%)/22 (40.0%)
The number of distant metastatic organs
   0/1/2/3                                                                                                                         15 (27.3%)/21 (38.2%)/13 (23.6%)/5 (9.1%)/1 (1.8%)
Site of metastases
   Bone/Lung/Liver/Skin/Brain/Distant lymph node                                          24 (43.6%)/22 (40.0 %)/6 (10.9%)/1 (1.8%)/1 (1.8%)/12 (21.8%)
Stage
   3B/3C/4                                                                                                                                        11 (20.0%)/4 (7.3%)/40 (72.7%)
Estrogen receptor
   Negative/Positive                                                                                                                                  0 (0.0%)/55 (100.0%)
Progesterone receptor
   Negative/Positive                                                                                                                                 13 (23.6%)/42 (76.4%)
HER2
   Negative/Positive                                                                                                                                   52 (94.5%)/3 (5.5%)
Ki67
   Low/High                                                                                                                                             30 (54.5%)/25 (45.5%)
First ET
   LET/ANA/LH-RH agonist + TAM/EXE                                                                           35 (63.7%)/8 (14.5%)/8 (14.5%)/4 (7.3 %) 
ORR
   Non-Responders/Responders                                                                                                              18 (32.7%)/37 (67.3 %)
NLR before treatment                                                                                                                                 2.03 (0.66-10.66)
PLR before treatment                                                                                                                              132.10 (36.22-427.63)
NLR of cancer progression                                                                                                                         1.72 (0.62-26.17)
PLR of cancer progression                                                                                                                     115.82 (49.84-482.04)
Change of NLR during first endocrine therapy
   Decreased/Increased                                                                                                                            33 (60.0%)/22 (40.0%)
Change of PLR during first endocrine therapy
   Decreased/Increased                                                                                                                            33 (60.0%)/22 (40.0%)
Criteria for progression during first endocrine therapy
   Increased of existing tumor/Appearance of new metastasis                                                             30 (54.5%)/25 (45.5%)
PFS for first endocrine therapy                                                                                                                     406 (10-2738)

HRBC: Hormone receptor-positive breast cancer; ET: endocrine therapy. LET: Letrozole; ANA: anastrozole; LH-RH: luteinizing hormone-releasing
hormone; TAM: tamoxifen; EXE: exemestane. HER2: Human epidermal growth factor receptor 2; ORR: objective response rate; NLR:
neutrophil–to–lymphocyte ratio; PLR: platelets–to–lymphocyte ratio; PFS: progression-free survival.



Discussion

The immune microenvironment is profoundly involved in
cancer progression and metastasis, and its monitoring and
control influences the therapeutic effect and prognosis of
chemotherapy and surgery. In recent years, the utility of
tumor-infiltrating lymphocytes (TILs) that can be evaluated
histopathologically has been reported to be an indicator of
the immune microenvironment (19). However, the clinical
use of TILs has not yet been established or applied to
evaluating prognosis during the course of the disease. NLRs
and PLRs are regarded as good indicators reflecting the
balance between the tumor-promoting environment and the
antitumor immune status, and they are relatively easy to
evaluate over time. In this study, we evaluated the temporal
changes in tumor immunity in patients receiving ET, which
have never been reported.

Since both NLRs and PLRs are considered to be indicators
of the state of immunity of the whole body, their correlation
with prognosis was also observed in this study. However,
NLRs and PLRs before treatment did not correlate with
prognosis. This could be due to surgery that was performed
on some of the stage IIIB or IIIC patients whose tumors had
become smaller during ET. The fact that the ORR did not
significantly differ in the prognosis supports this hypothesis.

Regarding PLR in breast cancer, a meta-analysis has
reported that PLR was a more sensitive index in ER-positive
and/or PgR-positive breast cancer than in ER- and PgR-
negative breast cancer (2). The same meta-analysis has also
reported that PLR correlated with the degree of progression,
such as stage and lymph node metastasis2. PLR may be
more susceptible to the patient’s disease condition than NLR.

Therefore, the tumor size and appearance of a new
metastasis had influenced PLR. It has also been shown that
in hepatocellular carcinoma (HCC), changes in PLR before
and one month after hepatectomy affected prognosis (20).
However, there have been no reports that have evaluated
PLRs over time in breast cancer. In this study, increased
PLRs had an impact on prognosis. PLR is also susceptible
to the disease condition, and therefore it is an indicator of
both the disease condition and tumor immunity.

Regarding NLR in breast cancer, it has been shown that it
is correlated with cancer progression (21). However, a meta-
analysis has shown that there was no involvement with
clinical factors such as degree of progression on OS (1). If
NLR was elevated at the time of recurrence in breast cancer,
the prognosis was poor (22). Even in HCC, it has been
reported that an increased NLR after resection or
radiofrequency ablation was associated with a poor prognosis
(23, 24). The group reported that the tumor was more likely
to recur if a worsening of the anti-tumor immune response
occurred after surgery. Furthermore, it has been
demonstrated that changes in NLR were more important as
indicators of prognosis than the preoperative or postoperative
NLR (23, 24). In addition, we have also reported a reduction
in TILs in patients with a postoperative recurrence who
underwent preoperative chemotherapy (25). In summary,
deterioration of tumor immunity is involved in recurrence
after surgery, and NLR is an indicator reflecting only tumor
immunity, unlike the PLR. Even in this study, increased
NLRs were associated with poor prognosis after cancer
progression. We hypothesized that both NLRs and PLRs
would increase in association with cancer progression, but
there were more cases with decreased NLRs or PLRs,
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Figure 1. Kaplan–Meier stratification curve for overall survival (OS) from the day on which the therapeutic effect of the primary endocrine therapy
was evaluated as clinical progressive disease (cPD). (A) Change in neutrophil–lymphocyte ratio (NLR). (B) Platelet–lymphocyte ratio (PLR).
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Table II. Correlation between clinicopathological features and change of NLR or PLR during primary ET.

Parameters                                                      NLR during primary ET                                                          PLR during primary ET

                                                                  Decreased                 Increased                   p-Value                  Decreased                Increased               p-Value
                                                                     (n=33)                      (n=22)                                                        (n=33)                     (n=22)                       

Age (years old)
  ≤65                                                         17 (51.5%)               11 (50.0%)                                               17 (51.5%)              11 (50.0%)
  >65                                                         16 (48.5%)               11 (50.0%)                    0.914                  16 (48.5%)              11 (50.0%)               0.914
Tumor size (mm)
  ≤41.0                                                      14 (42.4%)              14 (63.6%)                                               13 (39.4%)              15 (68.2%)
  >41.0                                                      19 (57.6%)                8 (36.4%)                    0.128                  20 (60.6%)                7 (31.8%)               0.037
Skin infiltration
  Negative                                                   9 (27.3%)                5 (22.7%)                                                 8 (24.2%)                6 (27.3%)
  Positive                                                  24 (72.7%)              17 (77.3%)                    0.711                  25 (75.8%)              16 (72.7%)               0.805
Lymph node metastasis
  Negative                                                   5 (15.2%)                3 (13.6%)                                                 6 (18.2%)                2 (9.1%)
  Positive                                                  28 (84.8%)              19 (86.4%)                    0.879                  27 (81.8%)              20 (90.9%)               0.358
Distant metastasis
  Negative                                                 10 (30.3%)                5 (22.7%)                                                 9 (27.3%)                6 (27.3%)
  Positive                                                  23 (69.7%)              17 (77.3%)                    0.545                  24 (72.7%)              16 (72.7%)               1.000
Progesterone receptor
  Negative                                                  8 (24.2%)                5 (22.7%)                                                 7 (21.2%)                6 (27.3%)
  Positive                                                  25 (75.8%)              17 (77.3%)                    0.899                  26 (78.8%)              16 (72.7%)               0.612
HER2
  Negative                                                32 (97.0%)              20 (90.9%)                                               32 (97.0%)              20 (90.9%)
  Positive                                                    1 (3.0%)                   2 (9.1%)                      0.341                    1 (3.0%)                  2 (9.1%)                 0.341
Ki67
  Low                                                        19 (57.6%)               11 (50.0%)                                               20 (60.6%)              10 (45.5%)
  High                                                       14 (42.4%)               11 (50.0%)                    0.589                  13 (39.4%)              12 (54.5%)               0.277
ORR
  Non-responders                                       8 (24.2%)              10 (45.5%)                                                 9 (27.3%)                9 (40.9%)
  Responders                                            25 (75.8%)              12 (54.5%)                    0.300                  24 (72.7%)              13 (59.1%)               0.300
NLR before treatment
  Low                                                        15 (45.5%)              13 (59.1%)                                               13 (39.4%)              15 (68.2%)
  High                                                       18 (54.5%)                9 (40.9%)                    0.331                  20 (60.6%)                7 (31.8%)               0.037
PLR before treatment
  Low                                                        14 (42.4%)              14 (63.6%)                                               12 (36.4%)              16 (72.7%)
  High                                                       19 (57.6%)                8 (36.4%)                    0.128                  21 (63.6%)                6 (27.3%)               0.008
NLR of cancer progression
  Low                                                        20 (60.6%)                8 (36.4%)                                               17 (51.5%)              11 (50.0%)
  High                                                       13 (39.4%)              14 (63.6%)                    0.081                  16 (48.5%)              11 (50.0%)               0.914
PLR of cancer progression
  Low                                                        21 (63.6%)                7 (31.8%)                                               19 (57.6%)                9 (40.9%)
  High                                                       12 (36.4%)              15 (68.2%)                    0.021                  14 (42.4%)              13 (59.1%)               0.234
Change of NLR during first ET
  Decreased                                                  -                                -                                                             29 (87.9%)                4 (18.2%)
  Increased                                                   -                                -                                  -                            4 (12.1%)              18 (81.8%)             <0.001
Change of PLR during first ET
  Decreased                                              29 (87.9%)                4 (18.2%)                                                   -                               -
  Increased                                                  4 (12.1%)              18 (81.8%)                 <0.001                      -                               -                              -
Criteria for progression 
during first ET
  Increased of existing tumor                  19 (57.6%)               11 (50.0%)                                               22 (66.7%)                8 (36.4%)
  Appearance of new metastasis               14 (42.4%)               11 (50.0%)                    0.589                  11 (33.3%)              14 (63.6%)               0.027
PFS for first ET
  Short                                                       11 (33.3%)              17 (77.3%)                                               13 (39.4%)              15 (68.2%)
  Long                                                       22 (66.7%)                5 (22.7%)                    0.001                  20 (60.6%)                7 (31.8%)               0.037

NLR: Neutrophil–to–lymphocyte ratio; PLR: platelets–to–lymphocyte ratio; HER2: human epidermal growth factor receptor 2; ORR: objective
response rate. ET: endocrine therapy; PFS: progression-free survival.



although not statistically significant, than cases with
increased NLRs or PLRs. The antitumor immune response
may be different between postoperative recurrence and
cancer progression.

Using univariate analysis, OS-CP was correlated with
HER2-negative, increased NLR, a change in PLR, and the
appearance of a new metastasis. Multivariate analysis
showed that HER2-negative, increased NLR, and the
appearance of a new metastasis were independent prognostic
factors. It has also been previously reported that the
appearance of a new metastasis was a poor prognostic factor
(26). In recent years, new HER2-targeted drugs have been
clinically used, allowing for prolongation of prognosis. We
hypothesized that the use of a regimen that includes a
combination of HER2-targeted drugs in later treatment
affects the prognosis in HER2-positive patients. An increased
NLR, which is an indicator of worsening tumor immunity,
was thought to influence subsequent prognosis.

This study had some limitations. The number of cases
studied was small, and the selection of treatment after the
second-line therapy was different. Of all patients, 85.5%
choose ET as their second-line treatment, but for some,
chemotherapy was selected as the second-line treatment.
Currently, CDK 4/6 inhibitors are being used clinically as a
treatment for patients who respond poorly to ET. The
treatment strategy for advanced HRBC is evolving.
However, evaluating changes in NLR and PLR is a method
that can be performed relatively easily in the clinic, making
it a potentially valuable technique.

Conclusion

In conclusion, changes in NLR and PLR, when the
therapeutic effect of ET is poor, become prognostic
indicators. An increase in ratios would suggest that the
disease has advanced, and it would suggest introduction of
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Table III. Univariate and multivariate analysis with respect to overall survival after cancer progression.

Parameters                                                                                                            Univariate analysis                                      Multivariate analysis

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

Age at treatment
   ≤65 vs. >65                                                                                      0.755               0.273-1.978           0.568                                                                
Tumor size
   ≤41.0 vs. >41.0                                                                                1.169               0.445-3.128           0.749                                                                
Skin infiltration
   Negative/Positive                                                                             1.524               0.491-6.665           0.493                                                                
Lymph node metastasis
   Negative vs. Positive                                                                       3.634              0.738-65.664          0.129                                                                
Distant metastasis
   Negative vs. Positive                                                                       1.184               0.417-4.219           0.765                                                                
Progesterone receptor
   Negative vs. Positive                                                                       1.530               0.497-6.652           0.486                                                                
HER2
   Negative vs. Positive                                                                           -                            -                    0.019                 -                      -                  0.002
Ki67
   Negative vs. Positive                                                                       0.815               0.294-2.132           0.677                                                                
ORR 
   Non-Responders vs. Responders                                                    0.384               0.145-1.075           0.067             0.484         0.166-1.445        0.188
NLR of cancer progression
   Low vs. High                                                                                   1.368               0.525-3.772           0.522                                                                
PLR of cancer progression
   Low vs. High                                                                                   1.525               0.585-4.205           0.389                                                                
Change of NLR during first ET
   Decreased vs. Increased                                                                  2.656               1.017-7.337           0.046             5.221        1.116-29.777       0.035
Change of PLR during first ET
   Decreased vs. Increased                                                                  2.697               1.020-7.260           0.046             1.312         0.241-6.760        0.748
Criteria for progression during first ET
   Increased of existing tumor vs. Appearance of new metastasis        4.137              1.526-13.059          0.005             7.269        2.195-29.960       0.001
PFS for first ET
   Short vs. Long                                                                                 0.522               0.179-1.384           0.194                                         
   
CI: Confidence intervals; HER2: human epidermal growth factor receptor 2; ORR: objective response rate; NLR: neutrophil–to–lymphocyte ratio;
PLR: platelets–to–lymphocyte ratio; ET: endocrine therapy; PFS: progression-free survival.



chemotherapy or a CDK 4/6 inhibitor early or careful follow-
up during subsequent endocrine therapy.

Conflicts of Interest

The Authors have no conflicts of interest to disclose regarding this
study.

Authors’ Contributions

All Authors were involved in the preparation of this manuscript.
KoT collected the data and wrote the manuscript. SK, YA, WG,
KaT, MS, RA, and TT performed the operation and designed the
study. KoT, SK, and ST summarized the data and revised the
manuscript. KH and MO provided a substantial contribution to the
study design, performed the operation, and revised the manuscript.
All Authors read and approved the final manuscript.

Acknowledgements

The Authors thank Yayoi Matsukiyo and Tomomi Okawa
(Department of Breast and Endocrine Surgery, Osaka City
University Graduate School of Medicine) for the helpful advice
regarding data management.
Sources of support: This study was funded by grants from the Japan
Society for the Promotion of Science (KAKENHI, Nos. 19K18067,
26461957, and 17K10559) to Shinichiro Kashiwagi.

References 

1 Ethier JL, Desautels D, Templeton A, Shah PS and Amir E:
Prognostic role of neutrophil-to-lymphocyte ratio in breast
cancer: A systematic review and meta-analysis. Breast Cancer
Res 19(1): 2, 2017. PMID: 28057046. DOI: 10.1186/s13058-
016-0794-1

2 Zhang M, Huang XZ, Song YX, Gao P, Sun JX and Wang ZN:
High platelet-to-lymphocyte ratio predicts poor prognosis and
clinicopathological characteristics in patients with breast cancer:
A meta-analysis. Biomed Res Int 2017: 9503025, 2017. PMID:
29082257. DOI: 10.1155/2017/9503025

3 Zhu Y, Si W, Sun Q, Qin B, Zhao W and Yang J: Platelet-
lymphocyte ratio acts as an indicator of poor prognosis in
patients with breast cancer. Oncotarget 8(1): 1023-1030, 2017.
PMID: 27906679. DOI: 10.18632/oncotarget.13714

4 Chen J, Deng Q, Pan Y, He B, Ying H, Sun H, Liu X and Wang
S: Prognostic value of neutrophil-to-lymphocyte ratio in breast
cancer. FEBS Open Bio 5: 502-507, 2015. PMID: 26137435.
DOI: 10.1016/j.fob.2015.05.003

5 De Larco JE, Wuertz BR and Furcht LT: The potential role of
neutrophils in promoting the metastatic phenotype of tumors
releasing interleukin-8. Clin Cancer Res 10(15): 4895-4900,
2004. PMID: 15297389. DOI: 10.1158/1078-0432.CCR-03-0760

6 el-Hag A and Clark RA: Immunosuppression by activated human
neutrophils. Dependence on the myeloperoxidase system. J
Immunol 139(7): 2406-2413, 1987. PMID: 2821114.

7 Betsholtz C, Johnsson A, Heldin CH, Westermark B, Lind P,
Urdea MS, Eddy R, Shows TB, Philpott K and Mellor AL: Cdna
sequence and chromosomal localization of human platelet-

derived growth factor a-chain and its expression in tumour cell
lines. Nature 320(6064): 695-699, 1986. PMID: 3754619. DOI:
10.1038/320695a0

8 Ross R, Masuda J, Raines EW, Gown AM, Katsuda S, Sasahara
M, Malden LT, Masuko H and Sato H: Localization of pdgf-b
protein in macrophages in all phases of atherogenesis. Science
248(4958): 1009-1012, 1990. PMID: 2343305. DOI: 10.1126/
science.2343305

9 Heldin CH and Westermark B: Growth factors: Mechanism of
action and relation to oncogenes. Cell 37(1): 9-20, 1984. PMID:
6373015.

10 Miyazono K, Yuki K, Takaku F, Wernstedt C, Kanzaki T,
Olofsson A, Hellman U and Heldin CH: Latent forms of tgf-
beta: Structure and biology. Ann N Y Acad Sci 593: 51-58, 1990.
PMID: 2375598. DOI: 10.1111/j.1749-6632.1990.tb16099.x

11 Sporn MB and Roberts AB: Transforming growth factor-beta.
Multiple actions and potential clinical applications. JAMA
262(7): 938-941, 1989. PMID: 2666683. DOI: 10.1001/
jama.262.7.938

12 Lin EY and Pollard JW: Role of infiltrated leucocytes in tumour
growth and spread. Br J Cancer 90(11): 2053-2058, 2004. PMID:
15164120.

13 Asano Y, Kashiwagi S, Onoda N, Noda S, Kawajiri H,
Takashima T, Ohsawa M, Kitagawa S and Hirakawa K:
Predictive value of neutrophil/lymphocyte ratio for efficacy of
preoperative chemotherapy in triple-negative breast cancer. Ann
Surg Oncol 23(4): 1104-1110, 2016. PMID: 26511266. DOI:
10.1245/s10434-015-4934-0

14 Asano Y, Kashiwagi S, Onoda N, Noda S, Kawajiri H,
Takashima T, Ohsawa M, Kitagawa S and Hirakawa K: Platelet-
lymphocyte ratio as a useful predictor of the therapeutic effect
of neoadjuvant chemotherapy in breast cancer. PLoS One 11(7):
e0153459, 2016. PMID: 27472762. DOI: 10.1371/
journal.pone.0153459

15 Iimori N, Kashiwagi S, Asano Y, Goto W, Takada K, Takahashi
K, Hatano T, Takashima T, Tomita S, Motomura H, Hirakawa K
and Ohira M: Clinical significance of the neutrophil-to-
lymphocyte ratio in endocrine therapy for stage iv breast cancer.
In Vivo 32(3): 669-675, 2018. PMID: 29695577. DOI:
10.21873/invivo.11292

16 Hortobagyi GN: Treatment of breast cancer. N Engl J Med 339(14):
974-984, 1998. PMID: 9753714. DOI: 10.1056/NEJM19981
0013391407

17 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent
D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M,
Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J: New response evaluation criteria in solid tumours:
Revised recist guideline (version 1.1). Eur J Cancer 45(2): 228-
247, 2009. PMID: 19097774.

18 McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M,
Clark GM and Statistics Subcommittee of the NCIEWGoCD:
Reporting recommendations for tumor marker prognostic
studies. J Clin Oncol 23(36): 9067-9072, 2005. PMID:
16172462.

19 Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F,
Pruneri G, Wienert S, Van den Eynden G, Baehner FL, Penault-
Llorca F, Perez EA, Thompson EA, Symmans WF, Richardson
AL, Brock J, Criscitiello C, Bailey H, Ignatiadis M, Floris G,
Sparano J, Kos Z, Nielsen T, Rimm DL, Allison KH, Reis-Filho
JS, Loibl S, Sotiriou C, Viale G, Badve S, Adams S, Willard-Gallo

Takada et al: NLR and PLR in Primary Endocrine Therapy for Advanced Breast Cancer

5587



K, Loi S and International TWG: The evaluation of tumor-
infiltrating lymphocytes (tils) in breast cancer: Recommendations
by an international tils working group 2014. Ann Oncol 26(2):
259-271, 2015. PMID: 25214542. DOI: 10.1093/annonc/mdu450

20 Peng W, Li C, Zhu WJ, Wen TF, Yan LN, Li B, Wang WT and
Yang JY: Prognostic value of the platelet to lymphocyte ratio
change in liver cancer. J Surg Res 194(2): 464-470, 2015. PMID:
25577142.

21 Elyasinia F, Keramati MR, Ahmadi F, Rezaei S, Ashouri M,
Parsaei R, Yaghoubi M, Elyasinia F, Aboutorabi A and Kaviani
A: Neutrophil-lymphocyte ratio in different stages of breast
cancer. Acta Med Iran 55(4): 228-232, 2017. PMID: 28532133.

22 Iwase T, Sangai T, Sakakibara M, Sakakibara J, Ishigami E,
Hayama S, Nakagawa A, Masuda T, Tabe S and Nagashima T:
An increased neutrophil-to-lymphocyte ratio predicts poorer
survival following recurrence for patients with breast cancer.
Mol Clin Oncol 6(2): 266-270, 2017. PMID: 28357108. DOI:
10.3892/mco.2016.1101

23 Dan J, Zhang Y, Peng Z, Huang J, Gao H, Xu L and Chen M:
Postoperative neutrophil-to-lymphocyte ratio change predicts
survival of patients with small hepatocellular carcinoma
undergoing radiofrequency ablation. PLoS One 8(3): e58184,
2013. PMID: 23516447. DOI: 10.1371/journal.pone.0058184

24 Peng W, Li C, Wen TF, Yan LN, Li B, Wang WT, Yang JY and
Xu MQ: Neutrophil to lymphocyte ratio changes predict small
hepatocellular carcinoma survival. J Surg Res 192(2): 402-408,
2014. PMID: 24998425. DOI: 10.1016/j.jss.2014.05.078

25 Takada K, Kashiwagi S, Goto W, Asano Y, Takahashi K, Hatano
T, Takashima T, Tomita S, Motomura H, Ohsawa M, Hirakawa
K and Ohira M: Significance of re-biopsy for recurrent breast
cancer in the immune tumour microenvironment. Br J Cancer
119(5): 572-579, 2018. PMID: 30033444. DOI: 10.1038/s41416-
018-0197-4

26 Twelves C, Cortes J, Kaufman PA, Yelle L, Awada A, Binder
TA, Olivo M, Song J, O'Shaughnessy JA, Jove M and Perez EA:
"New" metastases are associated with a poorer prognosis than
growth of pre-existing metastases in patients with metastatic
breast cancer treated with chemotherapy. Breast Cancer Res
17(1): 150, 2015. PMID: 27391598. DOI: 10.1186/s13058-015-
0657-1

Received August 26, 2019
Revised September 5, 2019

Accepted September 9, 2019

ANTICANCER RESEARCH 39: 5581-5588 (2019)

5588


