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Abstract. Although the neutrophil-to-lymphocyte
ratio (NLR) is a valuable prognostic factor for early breast
cancer, the patient subgroups that may benefit the most from
NLR analysis remain unknown. The present study analyzed
the prognostic significance of NLR according to absolute
Ilymphocyte counts (ALCs). A total of 889 patients with
operated early breast cancers were retrospectively recruited.
Existing NLR and ALC baseline data from the time-period
prior to operation or preoperative chemotherapy were
collected. The cut-off value for NLR was set at 2.72 according
to the receiver operating characteristic curve. Recurrence-free
survival (RFS) of NLR-low patients at baseline (n=582) was
significantly better than that of NLR-high patients (n=307,
P=0.036). Improved patient prognoses were observed in the
NLR-low, ALC-high (>1,688/ul; 5-year RFS, 0.88 vs. 0.57;
P<0.0001) subgroup (n=355), but not in the NLR-low, ALC-low
(=1,688/ul; 5-year RFS, 0.87 vs. 0.87; P=0.46) subgroup
(n=534). Using multivariate analysis, NLR was observed to
be a significant and independent factor for RFS (hazard ratio:
3.52; 95% confidence interval: 1.61-7.32; P=0.0023) in the
ALC-high breast cancer subgroup. Prognostic significance
for baseline NLR was found exclusively in the ALC - high
subgroup. Since NLR is a simple marker, the results obtained
here might be useful for identifying patients who have high
recurrence risk, and those that are candidates for additional
treatments.
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Introduction

Identification of high-risk patients with operated breast
cancers is a crucial issue, as their prognoses may be
expected to improve with additional adjuvant therapy. It
is well established that peripheral inflammation markers,
including neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio are significantly associated
with prognoses in early breast cancers (1-3). According to a
meta-analysis of 15 studies comprising a total of 8,563 patients,
high NLR was associated with both decreased disease-free
survival (DFS) and worse overall survival (OS), with hazard
ratio (HR) and 95% confidence interval (CI) of 1.74; 1.47-2.07,
P<0.001 for DFS and 2.56; 1.96-3.35, P<0.001 for OS (2).
Similarly, poorer DFS (HR 1.72, 95% CI: 1.30-2.27) and OS
(HR 1.87,95% CI: 1.41-2.48) were reported in a meta-analysis
of 18 studies (3).

Although details of the mechanisms underlying these
peripheral markers for patient prognosis remain unknown, a
tight connection between breast cancers and inflammation,
which includes not only a protective role against cancer cells
but also promotes tumor progression, is speculated. Most
anti-tumor effects are mediated by cytotoxic T lymphocytes.
In line with their protective effect, breast cancers with higher
counts of tumor-infiltrating lymphocytes (TILs) are correlated
with favorable prognoses (4). High numbers of peripheral
lymphocytes, therefore, seem to be associated with good
prognoses. In contrast, it is speculated that cancer-related
inflammation, which is associated with neutrophil accu-
mulation, is essential for tumor progression (5). Regional
neutrophils produce many factors linked with chemokines,
cytokines, and vascular endothelial growth factors (6). As
these factors contribute to cancer cell proliferation and
invasion, or to angiogenesis, their effects promote cancer
progression and metastasis. Considering the role mentioned
above, high peripheral counts of neutrophils are likely to result
in unfavorable prognoses for breast cancer patients. Based on
these hypotheses, therefore, the establishment of NLR as a
prognostic measure for breast cancer is proposed.

In clinical settings, breast cancers are divided into subtypes
according to estrogen receptor (ER) and human epidermal
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Figure 1. RFS and OS of patients according to their NLR. (A) The RFS of NLR. NLR-low patients had significantly better survival than the NLR-high patients
(P=0.036). (B) OS was not associated with NLR levels (P=0.24). RFS, recurrence-free survival; OS, overall survival; NLR, neutrophil-to-lymphocyte ratio.

growth factor receptor type 2 (HER2) (7). The association
betweenhigh NLR and poor prognosesisreported tobe strongest
in the ER-negative/HER2-negative subtype (2). Since TILs are
more frequently observed in ER-negative/HER 2-negative (8,9),
antitumor immune responses are estimated to occur frequently
in this subtype. Systemic inflammation, judged by peripheral
markers, may be influenced by the occurrence of regional
reactions to breast cancer. The observation that the associa-
tion between NLR and a patient's prognosis is strongest in the
ER-negative/HER2-negative subtype (10) thus seems to indi-
cate a connection between NLR and immunity, at least in part.

Interestingly, a high absolute lymphocyte count (ALC)
was significantly associated with improved prognosis of solid
tumor patients (11) and non-small cell lung cancer patients (12)
treated with programmed cell death 1 (PD-1) checkpoint
inhibitors. These data suggest that a high peripheral ALC
serves as an indicator for cancer immunity and less immune
effects are induced in patients with a low ALC. Although NLR
has been clearly identified as a good prognostic indicator for
breast cancer, its prognostic capability may vary depending
on the ALC. Whether the use of NLR as a prognostic factor
depends on the ALC or not remains to be studied. The purpose
of this study was to analyze the prognostic significance of the
NLR in relation to the ALC in breast cancer patients.

Materials and methods

Patient eligibility. Patients with invasive breast cancer who
were operated upon at the Hyogo College of Medicine between
May 2005 and December 2016 were consecutively recruited for
this retrospective study. Those for whom we obtained peripheral
neutrophil and lymphocyte count baseline data before
operation or preoperative chemotherapy (889 of 964 patients)
were considered eligible for the current study. Adjuvant
chemotherapies and endocrine therapies were administered in
263 and 665 patients, respectively, with treatments based on the
St Gallen guidelines at that time (7,13-17).

The median follow-up time was 30.7 months
(range:1-146 months). During the follow-up, 84 patients
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according to ALC levels.
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Figure 2. RFS of patients with high and low NLR in subgroups according
to the ALC. HRs and 95% CIs in each subgroup according to ALC levels
divided into five equal subgroups are shown. The RFS of patients with
NLR-low was better in the subgroups with the second highest (>1,688 and
<1,977/ul) and highest (>1,977/ul) ALCs. The central line indicates the
HR 1.00. HR, hazard ratio; ALC, absolute lymphocyte count; CI, confi-
dence interval; RFS, recurrence-free survival; OS, overall survival; NLR,
neutrophil-to-lymphocyte ratio.

had recurrence, with metastases documented in bone
(n=30), locoregional and lymph nodes (n=27), lungs (n=16),
liver (n=11), pleura (n=2), brain (n=8) and elsewhere (n=13).
The recurrence-free survival (RFS) was defined as the time
from the operation to either the first recurrence, or to patient
death by any cause. The OS was calculated from the date
of operation to that of death by any cause. This study was
approved by the Ethics Committee of the Hyogo College of
Medicine (no. 1886) in accordance with the Declaration of
Helsinki. As this study collected only retrospective clinical
data and offered no risk to the participants, written informed
consent was not required.

Measurements of NLR and ALC. Baseline NLR and ALC
levels were determined using blood samples collected prior to
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Figure 3. RFS and OS of patients according to the levels of ALC. (A) There was no significant difference in the RFS between the ALC-high and -low patients
(P=0.37). (B) OS was not different between the ALC-high and -low patients (P=0.78). ALC, absolute lymphocyte count; RFS, recurrence-free survival; OS,
overall survival; NLR, neutrophil-to-lymphocyte ratio.
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Figure 4. RFS and OS of patients according to the levels of NLR in the ALC-low and -high subgroups. There was no significant difference between NLR-low
and -high patients in regard to (A) RFS and (C) OS in the ALC-low (<1,688/ul) subgroup (P=0.46 and P=0.99). The (B) RFS and (D) OS of patients with
NLR-low were significantly better than that of NLR-high in the ALC-high (>1,688/ul) subgroup (P<0.0001 and P=0.015). ALC, absolute lymphocyte count;
RFS, recurrence-free survival; OS, overall survival; NLR, neutrophil-to-lymphocyte ratio.
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Table I. Clinicopathological characteristics of breast cancers according to NLR or ALC levels.

NLR-high? NLR-low ALC-high® ALC-low
Characteristics (n=307); n, (%) (n=582);n,(%)  P-value  (n=355);n, (%) (n=534); n, (%)  P-value
Menopausal status 0.022 0.0012
Pre- 121 (39.3) 187 (60.7) 100 (32.5) 208 (67.5)
Post- 181 (31.6) 392 (68.4) 251 (43.8) 322 (56.2)
Unknown 5(62.5) 3(375) 4 (50.0) 4(50.0)
Tumor size, cm 0.021 0.63
<2 166 (31.6) 360 (68.4) 207 (39.4) 319 (60.7)
>2 140 (39.1) 218 (60.9) 147 (41.1) 211 (58.9)
Unknown 1(20.0) 4 (80.0) 1 (20.0) 4 (80.0)
Lymph node metastasis 0.33 041
Negative 201 (33.7) 395 (66.3) 244 (40.9) 352 (59.1)
Positive 101 (37.1) 171 (62.9) 103 (37.9) 169 (62.1)
Not examined 5(23.8) 16 (76.2) 8 (38.1) 13 (61.9)
Tumor grade 0.082 0.88
1 157 (31.8) 336 (68.2) 197 (40.0) 296 (60.0)
2+3 122 (37.8) 201 (62.2) 127 (39.3) 196 (60.7)
Unknown 28 (38.4) 45 (61.6) 31 (42.5) 42 (57.5)
Estrogen receptor 0.38 0.49
Positive 236 (33.8) 463 (66.2) 285 (40.8) 414 (59.2)
Negative 66 (37.3) 111 (62.7) 67 (37.9) 110 (62.2)
Unknown 5(38.9) 8(61.5) 3(23.1) 10 (76.9)
HER?2 status 0.93 0.79
Negative 255 (34.6) 482 (65.4) 296 (40.2) 441 (59.8)
Positive 52 (34.2) 100 (65.8) 59 (38.8) 93 (61.2)
Ki-67 expression level 0.044 0.037
Low 131 (30.4) 300 (69.6) 192 (44.6) 239 (55.5)
High 137 (37.1) 232 (62.9) 137 (37.1) 232 (62.9)
Unknown 39 (43.8) 50 (56.2) 26 (29.2) 63 (70.8)
Chemotherapy 0.080 0.18
Yes 133 (38.0) 217 (62.0) 130 (37.1) 220 (62.9)
No 174 (32.3) 365 (67.7) 225 (41.7) 314 (58.3)

"High: =2.72, low: <2.72; *High: >1,688/ul, low: <1,688/ul; ‘Low: <20%, high: >20%. ALC, absolute lymphocyte count; HER2, human
epidermal growth factor receptor type 2; NLR, neutrophil-to-lymphocyte ratio.

the operation. For patients treated with preoperative chemo-
therapy, this data was obtained using blood samples collected
just before the start of the treatment. Neutrophil and lymphocyte
counts in peripheral blood were measured automatically using
Sysmex XN-9000 or XN-1000 hematology analyzers (Sysmex
Corporation, Kobe, Japan). Briefly, each blood sample was treated
with reagents provided with the kit that can distinguish subsets
of white blood cells, including neutrophils and lymphocytes, and
each fraction was separated by flow cytometry (18). The NLR
was calculated by dividing the number of neutrophils by the
number of lymphocytes. ALC was obtained by multiplying total
white blood cell counts with the percentage of lymphocytes.

Statistical analysis. The cut-off value of NLR for RFS was
calculated from the receiver operating characteristic (ROC)
curve using the Youden index for areas under the curve (AUC).

Relationships between NLR levels and clinical factors were
compared using the Chi-square or Fisher's exact tests, as
appropriate. Kaplan-Meier plots of RFS or OS in the separate
groups were calculated using log-rank tests. Univariate and
multivariate analyses of clinicopathological factors and NLR
were done using a Cox proportional-hazards model to obtain
the HR and 95% CI. Statistical significance was set at P<0.05
and the statistical calculations were performed using JMP®,
v.12 (SAS Institute, Inc., Cary, NC, USA).

Results

Determination of the baseline NLR cut-off value for RFS. The
cut-off value of NLR for RFS was determined based on the
ROC curve calculated using the Youden index for AUC and
set at 2.72 (AUC: 0.566, sensitivity: 0.466, specificity: 0.668,
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Table II. Univariate and multivariate analyses of RFS.
Univariate analysis, Multivariate analysis,
Variable n HR (95% CI)* P-value HR (95% CI)* P-value
Menopausal status 0.13
Pre- 308 1.00
Post- 573 1.43 (0.90-2.36)
Tumor size, cm <0.0001 0.0009
<20 526 1.00 1.00
>2 358 2.58 (1.67-4.04) 2.35(1.45-453)
Lymph node metastasis <0.0001 0.0065
Negative 596 1.00 1.00
Positive 272 3.06(1.97-4.78) 2.08 (1.23-3.54)
Tumor grade 0.0012 0.37
1 493 1.00 1.00
2+3 323 2.07 (1.33-3.23) 1.30(0.73-2.32)
Estrogen receptor status 0.039 0.58
Positive 699 1.00 1.00
Negative 177 1.67 (1.03-2.64) 1.21 (0.61-2.26)
HER?2 status 0.96
Negative 737 1.00
Positive 152 0.96 (0.53-1.63)
Ki-67 expression level® <0.0001 0.012
Low 431 1.00 1.00
High 369 2.64 (1.64-4.36) 2.25(1.20-4.26)
Chemotherapy 0.043 0.17
No 539 1.00 1.00
Yes 350 1.56 (1.02-2.41) 0.68 (0.39-1.18)
NLR level® 0.047 0.14
Low 582 1.00 1.00
High 307 1.56 (1.01-2.39) 1.46 (0.89-2.39)
ALC level 0.37
Low 534 1.00
High 355 1.22 (0.79-1.88)

"HR (95% CI); "Low: <20%, high: =20%; ‘High: =2.72, low: <2.72; “High: >1,688/ul, low: <1,688/ul. HR, hazard ratio; ALC, absolute
lymphocyte count; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; RFS, recurrence-free survival.

P=0.1598) as shown in the Fig. S1. According to this cut-off
value, 889 patients were classified into two groups: NLR-high
(n=307) and -low (n=582).

Relationship of NLR levels with RF'S or OS according to ALC
levels. The RFS of NLR-low patients was significantly better
than that in NLR-high patients (P=0.036, Fig. 1A). On the
contrary, there was no significant correlation between OS and
NLR levels (P=0.24, Fig. 1B). Next, we classified patients into
five groups with an equal number of patients to their ALC; the
HRs and 95% ClIs of NLR levels for RFS in each ALC group
are shown in Fig. 2. The RFS of patients with NLR-low and
-high was similar in the three groups with the lowest ALCs,
namely ALC-1 (<1149/ul; HR, 0.85; 95% CI: 0.28-2.21; n=178),
ALC-2 (>1149/ul, <1398/ul; HR, 1.04; 95% CI: 0.39-2.93;
n=178), and ALC-3 (>1398/ul, <1688/ul; HR, 0.68; 95% CI:

0.22-2.11; n=178). On the contrary, the RFS of patients with
NLR-low was better than that with NLR-high in the second
highest (ALC-4; n=178; >1688/ul, <1977/ul; HR, 0.18; 95% CI:
0.07-0.45) and highest (ALC-5; n=177; >1977/ul; HR, 0.33;
95% CI: 0.09-2.14) groups.

Based on these results, we further divided all the patients
into either ALC-low (<1688/ul; n=534) and -high (>1688/ul;
n=355) groups. There was no significant association between
ALC and RFS (P=0.37; Fig. 3A) or OS (P=0.78; Fig. 3B).
We further analyzed the prognostic significance of NLR
according to the ALC. There was no significant association
between NLR and RFS in the ALC-low group (P=0.46,
Fig. 4A). In contrast, the RFS of NLR-low patients (5-year
RFS, 0.88; n=317) was significantly better than that of
NLR-high patients (5-year RFS, 0.57; n=38; P<0.0001,
Fig. 4B) in the ALC-high group. Similarly, OS was
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Table III. Univariate and multivariate analyses of OS.
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Univariate analysis,

Multivariate analysis,

Variable n HR (95% CI)* P-value HR (95% CI)* P-value
Menopausal status 0.0061 0.0037
Pre- 308 1.00 1.00
Post- 573 2.97 (1.33-7.89) 3.51(1.46-10.39)
Tumor size, cm 0.0046 0.16
<20 526 1.00 1.00
>2 358 1.90 (1.01-3.64) 1.69 (0.81-3.67)
Lymph node metastasis 0.0003 0.0023
Negative 596 1.00 1.00
Positive 272 342 (1.76-6.87) 3.12 (1.50-6.78)
Tumor grade 0.13
1 493 1.00
2+3 323 1.66 (0.86-3.19)
Estrogen receptor status 0.033 0.20
Positive 699 1.00 1.00
Negative 177 2.14 (1.07-4.10) 1.72 (0.73-3.38)
HERR? status 0.59
Negative 737 1.00
Positive 152 0.79 (0.30-1.76)
Ki-67 expression level® <0.0001 0.0037
Low 431 1.00 1.00
High 369 4.02 (1.98-8.83) 3.51(1.46-10.39)
Chemotherapy 0.13
No 539 1.00
Yes 350 1.62 (0.86-2.41)
NLR level® 0.23
Low 582 1.00
High 307 1.47 (0.78-2.77)
ALC level® 0.78
Low 534 1.00
High 355 091 (0.46-1.73)

“HR (95% CI); "Low: <20%, high: >20%; High: =2.72, low: <2.72; ‘High: >1,688/ul, low: <1,688/ul. HR, hazard ratio; ALC, absolute
lymphocyte count; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival.

significantly better in the NLR-low subset than that in the
NLR-high subset (P=0.015; Fig. 4D) in the ALC-high group,
but we found no significant association between NLR and OS
in the ALC-low group (P=0.99; Fig. 4C).

Correlation between the clinicopathological characteristics
and NLR or ALC. Significantly more NLR-high patients were
found to be premenopausal (P=0.022), and to have large tumor
size (P=0.021) and high expression of Ki-67 (P=0.044), as
shown in Table I. There was no significant association between
the NLR and other clinicopathological factors, including lymph
node metastasis, tumor grade, ER, HER2, and chemotherapy
administration. The frequency of patients with ALC-high was
significantly higher in the postmenopausal group (P=0.0012),
and in the Ki-67-low group (P=0.037).

Univariate and multivariate analyses of RFS and OS.
According to univariate analysis, tumor size (P<0.0001), lymph
node metastasis (P<0.0001), tumor grade (P=0.0012), ER status
(P=0.039), Ki-67 expression level (P<0.0001), chemotherapy
administration (P=0.043) and NLR (P=0.047), but not ALC
(P=0.37) were significant prognostic factors for RFS, as shown
in Table II. Among these parameters, tumor size (P=0.0009),
lymph node metastasis (P=0.0065) and Ki-67 expression
level (P=0.012), but not NLR (P=0.14), were significant and
independent prognostic factors for RFS. Similarly, menopausal
status (P=0.0037), lymph node metastasis (P=0.0023) and
Ki-67 (P=0.0037) were identified as significant and independent
factors for OS by multivariate analysis (Table IIT). However, no
significant association between NLR or ALC (P=0.78) and OS
was found by univariate analysis.



MOLECULAR AND CLINICAL ONCOLOGY 10: 275-284, 2019 281
Table IV. Univariate and multivariate analyses of RFS in the ALC-high subgroup®.
Univariate analysis, Multivariate analysis,
Variable n HR (95% CI)® P-value HR (95% CI)® P-value
Menopausal status 1.00
Pre- 100 1.00
Post- 251 1.00 (0.49-2.19)
Tumor size, cm 0.0003
<20 207 1.00 1.00 0.065
>2 147 349 (1.75-743) 2.17 (0.95-5.30)
Lymph node metastasis 0.0003 0.018
Negative 244 1.00 1.00
Positive 103 3.60 (1.81-7.32) 2.54 (1.18-5.68)
Tumor grade 0.40
1 197 1.00
2+3 127 1.35 (0.66-2.70)
Ki-67 expression level 0.0039 0.073
Low 192 1.00 1.00
High 137 2.78 (1.38-5.83) 2.07 (0.94-4.77)
Chemotherapy 0.018 0.98
No 225 1.00 1.00
Yes 130 2.24 (1.15-4.45) 1.01 (0.45-2.35)
NLR level 0.0002 0.0023
Low 317 1.00 1.00
High 38 4.28 (2.06-8.45) 3.52(1.61-7.32)

“High: >1,688/ul, low: <1,688/ul; °HR (95% CI); ‘Low: <20%, high: >20%; ‘High: =2.72, low: <2.72. HR, hazard ratio; CI, confidence
interval; NLR, neutrophil-to-lymphocyte ratio; RFS, recurrence-free survival; ALC, absolute lymphocyte count.

Next, we calculated the prognostic significance of
clinical parameters in ALC-high breast cancer subgroup.
Multivariate analysis revealed that lymph node metastasis
(HR 2.54; 95% CI: 1.18-5.68; P=0.018), and NLR (HR: 3.52,
95% CI: 1.61-7.32, P=0.0023) associated significantly and
independently with RFS (Table IV). Significant and margin-
ally significant associations were observed in lymph node
metastasis (HR 4.60; 95% CI 1.21-22.4; P=0.024) and NLR
(HR: 3.41,95% CI: 0.90-11.7, P=0.070), respectively, for OS by
multivariate analysis (Table V).

Discussion

In the present study, we demonstrated that the RFS of NLR-low
patients was significantly better than that of NLR-high patients.
This prognostic impact of NLR is exclusive among patients
with a high-ALC. Although multivariate analysis showed that
NLR was not a significant prognostic factor for RFS in all breast
cancers, NLR was found to be a significant and independent
prognostic factor for RFS in patients with high ALC. It is well
established that pretreatment NLR is a significant predictor of
prognosis in operated breast cancer patients, with reported HR
of DFS in NLR-high patients ranging from 1.62 to 1.80 (2,3).
We consistently obtained similar HR of RFS (1.56; 95% CI:
1.01-2.39) in total patients, but found that the HR increased to
3.52 (95% CI: 1.61-7.32) in the subgroup with high ALC. To

the best of our knowledge, ours is the first report to analyze
NLR in association with the absolute counts of peripheral
lymphocytes.

Since local immunoreaction against cancer cells seems to
be modulated by TILs, elevated levels of TILs in tumors lead
to favorable prognoses. On the other hand, the presence of
neutrophils in tumors contributes to cancer proliferation and
invasion ability, mediated by their induction of cytokines and
chemokines (5,6). The association between high NLR and poor
prognoses could be explained on the basis of these speculated
lymphocyte and neutrophil functions. Interestingly, neither
absolute neutrophil (data not shown) nor ALCs (Fig. 3), but
rather the ratio between these parameters (Fig. 1), was signifi-
cantly associated with patient prognoses. These data suggest
that direct or indirect interactive effects of lymphocytes and
neutrophils on tumor progression influence patient prognoses,
although the mechanistic details of such interactions remain
unclear.

Details of the usefulness of NLR as a prognostic indicator
for breast cancer patients are currently unknown. It is
reasonable to consider that local immunoreactions against
cancer cells, evaluable by TILs result in a higher proportion
of lymphocytes in the blood. However, NLR and TILs may
not necessarily be synonymous. Intra-tumoral infiltrating
lymphocyte subgroups and NLR are independent prognostic
factors in non-small cell lung cancer (19). In addition, no
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Table V. Univariate and multivariate analyses of OS in the ALC-high subgroup®.

Univariate analysis,

Multivariate analysis,

Variable n HR (95% CI)® P-value HR (95% CI)° P-value
Menopausal status® 0.044
Pre- 100 1.00
Post- 251 5.28 (1.04-96.3)
Tumor size, cm 0.024 0.33
<20 207 1.00 1.00
>2 147 3.54 (1.18-13.0) 1.98 (0.51-9.76)
Lymph node metastasis 0.0030 0.024
Negative 244 1.00 1.00
Positive 103 6.46 (1.86-29.6) 4.60 (1.21-22.4)
Tumor grade 0.60
1 197 1.00
2+3 127 0.73 (0.19-2.32)
Ki-67 expression level! 0.024 0.11
Low 192 1.00 1.00
High 137 3.50 (1.18-11.6) 2.68 (0.81-10.3)
Chemotherapy 0.17
No 225 1.00
Yes 130 2.10 (0.73-6.41)
NLR level® 0.035 0.070
Low 317 1.00 1.00
High 38 3.69 (1.11-10.9) 341 (0.90-11.7)

“High: >1,688/u1; ®°HR (95% CI); “Not included in multivariate analysis due to error; ‘“Low: <20%, high: >20%; “High: >2.72, low: <2.72. HR,
hazard ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; ALC, absolute lymphocyte count.

correlation was determined between TILs and NLR in gastric
cancer (20), and there was no significant association between
percentage changes of TILs and NLR in triple negative breast
cancers after treatment with neoadjuvant chemotherapy (21).
Since the prognostic importance of baseline NLR in patients
receiving immune checkpoint inhibitors was demonstrated in
a meta-analysis (22), data from the studies mentioned above
seem to indicate that NLR reflects cancer immunity differently
from that evaluable by TILs in each patient.

In the present study, we examined the prognostic significance
of the NLR according to ALC levels in Fig. 2 and demonstrated
that among patients with ALC-low, NLR did not influence
patient prognosis. However, the RFS of patients with low NLR
was significantly better than that with high NLR in the ALC-high
subgroup which exceeded 1,688/ul. Our observations may
indicate that even among patients with ALC-high, unfavorable
effects seem to be induced by neutrophils. On the contrary, no
indications for prognosis could be obtained by neutrophils in
patients with low levels of ALC. Neutrophils play important
roles in the development of breast cancer cells, mediated
through metalloproteinase-9 (MMP-9) and other factors which
that promote cell proliferation, inhibition of apoptosis, and
angiogenesis (23,24). In addition, suppressive functions of T cell
immunity against cancer cells by neutrophils are reported (25).
These functions, which promote cancer proliferation and
progression, seem to abolish lymphocyte-induced adaptive

immune reactions. As mentioned previously, no effect of the
immune checkpoint inhibitor was observed in patients with a
low baseline ALC (11,12). This may indicate that there is very
little contribution to cancer immunity induced by neutrophils
in patients with low ALC. We speculate that the negative effect
of neutrophils is related to the process of cancer immunity
mediated through lymphocytes and thus, the prognostic impact
was observed exclusively in patients with ALC-high.

In the current study, high NLR was significantly more
frequent among premenopausal patients, and in those with
large tumor sizes and high levels of Ki-67. However, high
ALC was significantly frequent in postmenopausal patients
and in patients with breast cancers with low Ki-67 (Table I).
Similar to our observations, higher NLR has been found to
be associated with younger age and increased T stage (26).
In spite of the link between these clinical factors, NLR was
confirmed by multivariate analysis including tumor size, lymph
node metastasis, chemotherapy use, and Ki-67 expression
levels to be a significant and independent prognostic factor in
breast cancer with ALC-high (Table IV). Positive correlations
between good response to neoadjuvant chemotherapy and
low NLR have been reported (27,28). However, significant
increase in RFS in patients with low NLR in the ALC-high
group was recognized irrespective of neoadjuvant or adjuvant
chemotherapy. We think this parameter is prognostic rather
than predictive for chemotherapy in operated breast cancers.



The limitations of this study were that the cut-off value of
NLR at 2.72 was determined on the basis of ROC analysis. In a
previous study, several NLR cut-off values were used, varying
from 1.81 to 4 (3). Furthermore, the cut-off value of ALC, which
distinguishes the usefulness of NLR in predicting prognosis,
was obtained by dividing the patients into five groups. The
HRs of NLR for RFS were consistently close to one in the first
three subgroups ALC-1, -2, and -3. Since the HRs were less
than 0.5 in the remaining two subgroups (ALC-4 and -5), the
cut-off of ALC was set at 1,688/ul. The optimal NLR and ALC
cut-off values for prognosis remains to be identified. Another
limitation was that we had insufficient data concerning the
relationship between TILs and NLR, and the follow-up time
(median, 30.7 months) is relatively short. The results obtained in
the present study concerning TILs require further evaluation in
future studies including larger numbers of patients with a longer
follow-up.

In conclusion, we have demonstrated that low NLR is a
significant prognostic factor for RFS of breast cancer patients
with ALC-high. The novelty of the present study is that we were
able to demonstrate the prognostic usefulness of NLR exclusively
in the ALC - high subgroup. This is the first study to demon-
strate that the prognostic usefulness of NLR is restricted in the
subgroup of ALC-high. Since NLR and ALC are measured in
daily clinical practice, these findings may contribute to a better
understanding of the mechanisms underlying NLR, and will be
useful for identifying patients with high recurrence risk more
accurately who need additional treatments.
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