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Abstract. Background/Aim: To investigate whether
neutrophil-to—lymphocyte ratio (NLR) might represent an
additional biological criterion able to identify patients with
worse prognosis within the Sth edition TNM prognostic
staging system for breast cancer (BC). Patients and
Methods. Pre-treatment NLR was retrospectively analyzed in
475 BC women prospectively followed for a mean time of 3.8
years. The optimal NLR cutoff, identified by ROC analysis,
was set at 2. Results: Elevated pre-treatment NLR was
associated with worse disease-free survival (DFS)
(HR=2.28) and overall survival (0OS) (HR=3.39). The
prognostic value of NLR was mostly evident in stage I BC
(HR for DFS=2.89; HR for 0S=1.30), in whom NLR
significantly stratified patients who developed distant
metastasis (HR= 4.62), but not local recurrence. Conclusion:
NLR might provide important information in risk
stratification, especially in stage I BC patients in whom the
presence of a high NLR might raise the question as to
whether they should be more aggressively managed.
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Neutrophils are widely recognized to play fundamental roles
at each step of tumorigenesis — from initiation to primary
tumor growth and metastasis — owing to their susceptibility
to phenotypic changes induced by the tumor
microenvironment and being themselves capable of altering
the behavior of other cancer-associated immune cells (1, 2).
Accordingly, the neutrophil-to-lymphocyte ratio (NLR) —
integrating the detrimental effects of neutrophilia and
lymphopenia — has been proposed as an easy-to-use and cost
effective prognostic biomarker in various cancer types (3),
including breast cancer (BC) (4-7).

In the past three years, we have witnessed a rapid growth
in the number of studies investigating the association of a
high NLR with disease-free (DFS) and overall survival (OS)
of BC patients (8-20). The most significant were
comprehensively analyzed in recent meta-analyses, which
emphasized an association between high NLR and an
adverse BC outcome, both in early and recurrent stages (6,
7), with a greater effect on disease-specific outcome in
estrogen receptor (ER)- and HER2-negative disease in the
study by Ethier et al. (6) and a stronger association in triple-
negative BC (TNBC) in that by Liu et al. (7). On the other
hand, no subgroup showed an influence on the association
between NLR and OS (6).

From these data, it emerges that the prognostic
significance of NLR could be predominant in TNBC (14, 16-
19), but TNBC sample size in these studies was usually
small. More recently, Wariss et al. reported an association
between high NLR and adverse OS in more than 2000 BC
women, but only in the luminal subtype (21), a finding that
is in agreement with preliminary studies suggesting the

4705



ANTICANCER RESEARCH 38: 4705-4712 (2018)

independent prognostic value of NLR in luminal A BC (22,
23). Thus, the issue of an association between NLR and
prognostic features is still unresolved.

In January 2018, the American Joint Commission of
Cancer (AJCC) has issued the 8th edition TNM staging
system for BC, in which the use of non-anatomic prognostic
factors (i.e., grade, hormone receptor expression, and HER2
amplification) has been expanded in assigning prognostic
stage groups to complement the anatomic TNM staging
system (24). Predictably, patients’ stratification according to
the prognostic TNM yielded a survival rate classification
superior to that achieved using the anatomic stage (25).

Based on the above and being aware of the contradictory
results previously reported (13, 20, 26), the present study
was designed to investigate the prognostic value of NLR in
a cohort of prospectively enrolled BC patients re-staged
according to the prognostic TNM, with the aim to evaluate
whether NLR might represent an additional biological
criterion able to discriminate patients with worse prognosis
within the new BC staging system.

Patients and Methods

Starting from January 2007, the PTV Bio.Ca.Re. (Policlinico Tor
Vergata Biospecimen Cancer Repository) and the Interinstitutional
Multidisciplinary Biobank of the IRCCS San Raffaele Pisana (SR-
BioBIM, Rome, Italy) are actively involved in the recruitment of
ambulatory patients with primary or metastatic cancer, who are
prospectively followed under the appropriate Institutional ethics
approval, as part of a Clinical Database and Biobank project. Among
these, a cohort of 475 consecutive BC patients in whom prognostic
biomarker factors and pre-treatment differential blood cell counts were
available was selected for this study. Inclusion criteria were: age above
18 years, an Eastern Cooperative Oncology Group (ECOG)
performance status <2 and adequate hematological, hepatic and renal
functions. Concurrent infectious, inflammatory or autoimmune diseases
were all considered as exclusion criteria for the current analysis.

Breast surgery was performed in all 475 women (26.7%
mastectomy, 73.3% conservative surgery followed by standard
radiation therapy). Among them, 67 (14.1%) and 392 (82.5%)
women received neoadjuvant and adjuvant therapies, respectively.
Adjuvant chemotherapies, both anthracycline and non-anthracycline
containing, were instituted in 142 (36.2%) and 117 (29.9%) patients
with and without lymph node involvement, respectively. Among
women with node-negative disease, 125 (39%) underwent adjuvant
endocrine therapy only (tamoxifen or aromatase inhibitor). Patients
with HER2/neu positivity were all treated with trastuzumab-
containing regimens. First-line chemotherapy was instituted in 16
patients with stage IV BC. All patients were prospectively followed
for a mean time of 3.8 years.

The study was performed in accordance with the principles
embodied in the Declaration of Helsinki. All patients gave written
informed consent, previously approved by our Institutional Ethics
Comnmittees.

Blood sampling and assessment of NLR. Fasting serum samples
were obtained prior to any treatment from each recruited patient.
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Routine hematology studies were immediately performed on fresh
blood, then samples were aliquoted and stored at —80°C in the
facilities of the PTV Bio.Ca.Re. or the SR-BioBIM.

Complete and differential blood cell counts were assessed on
EDTA anti-coagulated whole blood using a Coulter LH750
hematology analyzer (Beckman Coulter, Miami, FL, USA). NLR
was calculated as the ratio of the neutrophils to lymphocytes
absolute counts obtained from the same blood sample taken at
baseline. All measurements were ascertained while blinded to the
sample origin and to study endpoint.

Assessment of prognostic indexes. Grading was assessed according
to the Nottingham grading system (Elston-Ellis modification of the
Scarff-Bloom-Richardson grading system) for BC (24).
Immunohistochemical analyses were performed on formalin-fixed,
paraffin-embedded tumor sections for hormone receptor (27),
HER2/neu expression and proliferation index (Ki67). HER2/neu
positivity was defined according to the American Society of Clinical
Oncology — College of American Pathologists (ASCO — CAP)
guidelines as an immunohistochemical staining of 3+ or 2+ with
evidence of gene amplification at FISH (28). Immunohistochemical
detection of Ki67 was performed on the Ventana BenchMark XT
automated staining platform (Roche Diagnostics GmbH, Mannheim,
Germany) according to manufacturer’s instructions. Ki67
proliferative index in surgical specimens was assigned by the
pathologist on the basis of the percentage positive on at least 500
neoplastic cells counted in the peripheral area of the nodule. A cut—
off value of =20% was used in all association analyses, according
to the recommendations of the St Gallen International Expert
Consensus on the primary therapy of early BC 2013 (29).

Statistical analysis. Sample size of the study was based on the
agreement to inclusion criteria and willingness to provide informed
consent rather than on sample size calculations. However,
estimation was later performed and showed that, the recruited
population was capable of yielding a power >90%, at a two-sided
5% significance level. This was based on the assumption of a true
hazard ratio (HR) of at least 2 (based on previous meta-analyses on
breast cancer (6, 7)), an accrual period of no less than 5 years and
a median survival of 3 years.

Data are presented as percentages, mean (SD), or median and
interquartile range (IQR). The NLR cutoff value was generated by
receiver operating characteristic (ROC) curve analyses performed
by MedCalc Statistical Software version 13.1.2 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org; 2014). Area under
the curve (AUC) was calculated to investigate whether NLR could
distinguish between recurrent and non-recurrent patients. The NLR
value with the best Youden index was selected as the cutoff value.
DFS and OS represented the study endpoints. DFS was calculated
from the date of enrollment until relapse of disease. OS was
calculated from the date of enrollment until death from any cause.
If a patient had not relapsed or died, DFS or OS were censored at
the time of the last follow-up. Survival curves were calculated by
the Kaplan—-Meier method and the significance level was assessed
according to the log-rank test using a computer software package
(Statistica 8.0, StatSoft Inc., Tulsa, OK). Cox-proportional hazards
analysis was performed by MedCalc Statistical Software version
13.1.2 to evaluate the association between pathological staging,
NLR and survival outcomes. For administrative censoring, follow-
up was ended the date of December 31st, 2017. All tests were two-
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tailed and only p-values lower than 0.05 were regarded as
statistically significant.

Results

Clinical-pathological characteristics of the recruited population
are summarized in Table I. BC was re-staged according to the
8th edition of the AJCC anatomic and prognostic TNM
staging systems. Patients’ distribution into the two different
TNM groups is reported in Table II. As shown, BC re-staging
according to the prognostic system resulted in a significant
patient relocation. In particular, 65.4% (n=121) and 4.9%
(n=9) of the 185 patients with anatomic stage II were
reclassified as stage I and III, respectively. Similarly, 19.2%
(n=20) and 20.2% (n=21) of the 104 patients with anatomic
stage III were reclassified as stage I and II, respectively. Only
one patient with stage I was reclassified as stage II according
to the prognostic staging system (Table II). Consequently, the
proportion of patients with stage I significantly increased from
30.7% to 57.3% (p<0.0001).

Median pre-treatment NLR was 2.0 (IQR=1.54 to 2.72
(10th — 90th percentile boundaries: 1.20-4.18)). Based on
value distribution, patients were then categorized as having
definitely negative (<1.2), probably negative (<1.5), possibly
negative (<2.0), possibly positive (>2.0), probably positive
(>2.7), or definitely positive (>4.2) NLR values. ROC curves
were then generated to identify the optimal NLR cutoff.
Bayesian analysis is summarized in Table III, showing that
a cutoff level of 2 yielded the best performance with a
positive likelihood ratio of 1.45 (95%CI=1.2-1.8) and a
negative likelihood ratio of 0.62 (95%CI=0.4-0.9).
Univariate association analysis showed that patients with
NLR >2 were more likely in an advanced stage of disease
(p=0.001), owing to larger tumors (p=0.001), nodal
involvement (p=0.017), or distant metastasis (p=0.040), but
no association was observed with molecular types or
individual prognostic factors (data not shown).

Clinical follow-up is currently ongoing. At the time of
administrative censoring, 411 (86.5%) of the 475 BC
patients were clinically free of disease, whereas 64/475
(13%) patients had local recurrence (n=22 (4.6%), 2 died
of disease) or distant metastasis (n=42 (8.9%), 10 died of
disease). Overall, there was a significant association
between elevated pre-treatment NLR and BC recurrence
(46% vs. 66%, p=0.002). In particular, 50% (11 of 22) and
74% (31 of 42) of BC patients with NLR above the cutoff
had loco-regional or distant recurrence, respectively,
compared to 46% of patients who remained free of disease
(Chi-square=12.4; p=0.002).

Univariate Cox proportional hazards survival analysis
showed that an elevated pre-treatment NLR was associated
with a worse DFS (HR= 2.28 (95%CI=1.40-3.72)). Figure 1
demonstrates the Kaplan—-Meier DFS curves for the entire

Table 1. Clinical-pathological characteristics of breast cancer (BC)
patients.

Age (years)
Mean+SD (range)
Menopausal status

57£13 (29-92)

Pre 195 (41%)
Post 280 (59%)
Histological diagnosis
Ductal 417 (88%)
Lobular 43 (9%)
Other? 15 3%)
Molecular Typeb
Triple-negative 57 (12%)
Luminal-like A 164 (35%)
Luminal-like B 239 (50%)
HER?2 pos 15 (3%)
Grading
1 60 (13%)
2 194 (41%)
3 221 (46%)
Tumor
TO 8 (2%)
T1 248 (52%)
T2 151 (32%)
T3 34 (7%)
T4 34 (7%)
Node
NO 244 (52%)
N1¢ 148 (31%)
N3 58 (12%)
N4 25 (5%)
Distant metastasis
Yes 16 3%)
No 459 (97%)
Receptor status
ER*/PR* 347 (73%)
ER*/PR~ 51 (11%)
ER-/PR* 4 (1%)
ER-/PR- 73 (15%)
HER2/neu+ 100 (21%)

Ki67 proliferation index =20%
Follow-up (years)
Mean (range)

305 (64%)

3.8 (0.26-11.6)

4ncluding: mucinous (n=5), papillary (n=3), tubular (n=3),
undifferentiated (n=2), arcinosarcoma and metaplastic (one each)
subtypes; PAccording to St. Gallen Consensus Conference (29);
cIncludes NI1;.. ER/PR: estrogen/progesterone receptors; HER2:
Human Epidermal Growth Factor Receptor 2.

cohort stratified on the basis of pre-treatment NLR. As
shown, patients with NLR >2 had a worse 5 year survival
rate compared to patients with NLR below this cutoff (74%
vs. 89%, log-rank=3.24, p=0.0012). A detailed DFS analysis
in prognostic stage subgroups is summarized in Table IV,
showing that the prognostic value of NLR was mostly
evident in early stages, particularly stage I BC (HR=2.89
(95%CI=1.21-6.89)). Of interest, NLR significantly stratified
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Table II. Stage distribution of 475 primary breast cancer patients
according to the 8th edition of the AJCC anatomic and prognostic
staging systems.

Anatomic stage Prognostic stage

0 8 2%) 8 (2%)
IA 158 (30%) 200 (38%)
IB 4 (1%) 102 (19%)
A 115 (22%) 51 (10%)
B 70 (13%) 26 (5%)
A 54 (10%) 40 (8%)
1B 35 (7%) 24 (5%)
1IC 15 3%) 8 (2%)
v 16 (3%) 16 3%)

Table III. Receiver Operating Characteristics (ROC) and Bayesian
analysis of neutrophil-to—lymphocyte ratio.

100%

95%

90%

85%

80%

Cumulative Survival Rate

75%

70%
0

Ti
Number at risk ime (years)

Nih=a 175 10 45 8 1 0

NLR >2
151 79 28 6 1 0

Area under the curve (AUC)
Standard error (95%CI)

0.598
0.04 (0.552-0.642)

Cutoff >2
Sensitivity 66%
Specificity 54%

(+) Likelihood Ratio (95%CI) 145 (1.2-1.8)
(=) Likelihood Ratio (95%CI) 0.62 (0.4-0.9)
Two-tailed p-value 0.0093

CI: Confidence interval.

Table IV. Five-year cumulative survival rates of breast cancer women
at different stage of disease (classified according to the 8th edition of
the AJCC prognostic staging system).

NLR
Variable No. High Low Log-rank test p-Value
Disease-free survival
Stage 1 302 84% 95% 2.370 0.0178
Stage 11 77 69% 87% 1452 0.1466
Stage II1 72 68% T6% 0.125 0.9008
Stage IV 16 0% 25% 0.882 0.3777
All patients 475 74%  89% 3.238 0.0012
Overall survival
Stage 1 302 95% 100% 2.297 0.0216
Stage 1T 77  97% 100% 0.857 0.3914
Stage II1 72 89%  98% 1.076 0.2819
Stage IV 16 83% 100% 0.684 0.4938
All patients 475 95%  99% 1.950 0.0512

BC patients who developed distant metastasis either in the
entire cohort (HR=3.29 (95%CI=1.79-6.03)), or in stage |
BC (HR=4.62 (95%Cl=1.45-14.73)). Conversely, NLR had
no value in the prediction of local recurrence (whole cohort:
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Figure 1. Kaplan—Meier curves of disease-free survival (DFS) of
patients with breast cancer. Comparison between patients with low
(dotted line) and high (solid line) neutrophil-to-lymphocyte ratio (NLR).

HR=1.24 (95%CI=0.54-2.88); stage I BC: HR=1.39
(95%C1=0.34-5.65)) (data not shown). Figure 2 demonstrates
the Kaplan—-Meier DFS (Panel A) and distant metastasis-free
survival (DMFS) (Panel B) curves for stage I BC patients
stratified on the basis of pre-treatment NLR.

Finally, the prognostic significance of NLR for OS was
evaluated. As shown in Table IV and Figure 3A, elevated
pre-treatment NLR had a negative prognostic value in terms
of OS (HR= 3.39 (95%CI=1.09-10.5)), with a survival rate
of 95% compared to 99% of BC women with NLR values
below the cutoff. Also, in this case, high NLR was associated
with a worse OS mostly in patients with prognostic stage |
BC (HR=1.30 (95%CI=1.03-1.64)) (Figure 3B).

Discussion

The results reported here confirm and extend previous
studies on the prognostic role of NLR in BC. In particular,
while confirming that a high NLR associated with a worse
DFS and OS — with HRs similar to those reported by other
groups (6, 7) — no association was observed between NLR
and molecular types or individual prognostic factors, with
the exceptions of tumor size and lymph node involvement,
which were significantly associated with high NLR at
univariate analysis. This finding is in agreement with the
results obtained in a recent study conducted in a cohort of
Italian women with early BC, demonstrating an association
with T2 and N1 stage, but not with all other prognostic
variables (30). Other studies, mostly involving BC patients
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Figure 2. Kaplan—Meier survival curves of patients with prognostic stage I breast cancer. Comparison between patients with low (dotted line) and
high (solid line) neutrophil-to-lymphocyte ratio (NLR). A: Disease-free survival. B: Distant metastasis-free survival.
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Figure 3. Kaplan—Meier curves of overall survival of patients with breast cancer. Comparison between patients with low (dotted line) and high
(solid line) neutrophil-to-lymphocyte ratio (NLR) in the overall population (A) and prognostic stage I BC women (B).

of Asian race, have reported variable associations with
hormone receptors (6, 16, 23, 31), HER-2 expression (6, 23),
or molecular type (17, 19, 21, 22, 32, 33), although with
conflicting results (10, 13, 20, 26, 34). To explain these

discrepancies, Wei et al. advocated the fact that studies from
Eastern countries had a positive result with perfect
homogeneity, contrarily to that achieved in studies from
Western countries, advocating the use of race-related cutoff
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values in future studies (5). On the other hand, Orditura et
al. properly pointed out that the survival of BC Asian is
longer than that of BC Caucasian women (30), which might
be due to differences in the genetic backgrounds of Asians
and Caucasians, as well as social-environmental factors,
including lifestyle and dietary habits. However, regardless of
the underlying reason, no consensus has been reached, yet,
on which BC patient cluster can mostly benefit from NLR
inclusion in the clinical workout for BC.

Indeed, BC is universally recognized as a heterogeneous
disease composed of distinct biological subtypes with
variable prognosis and therapeutic response (29, 35-37) and,
although clinical decision making based on validated
prognostic factors has largely contributed to decrease
mortality, BC is still the leading cause of cancer death
among females worldwide (38). Thus, in an attempt to
improve survival stratification, the AJCC expert panel has
extended the use of non-anatomic prognostic factors and
biomarkers to assign a prognostic BC stage TNM in addition
to the traditional anatomic TNM (24).

In this context, we hypothesized that the prognostic value
of NLR could be modified in the newly proposed prognostic
staging. Thus, we sought to analyze the DFS and the OS of
BC patients after re-staging according to the 8th edition of
the TNM. The results obtained showed that increasing rates
of patients with high NLR — at a 2-point cut-off established
by ROC analysis — could be steadily demonstrated from stage
I to stage IV, both in the anatomic (p=0.001) and prognostic
(p=0.001) TNM. Moreover, Cox proportional hazard survival
analyses showed that an elevated pre-treatment NLR was
associated with a worse DFS (HR=2.28) and OS (HR=3.39).
This was true for the entire cohort of patients, as well as the
subgroup of BC women with prognostic stage I (DFS:
HR=2.89; OS: HR=1.30), but not in stages II to IV, in which
the small number of patients might have weakened the
statistical power. In the present study, in fact, re-staging
according to the prognostic system resulted in a significant
patient relocation to prognostic stage I, which included, at
last, nearly 60% of the recruited population.

One final issue is the demonstration, for the first time to
our knowledge, that NLR may represent a negative
prognostic factor for DMFS, but not for loco-regional
recurrence. Actually, the finding of an association between
high NLR and poor DMFS (as shown in the Kaplan—Meier
curves reported in Figure 2B) is in agreement with a recent
study demonstrating that an elevated NLR — at a cutoff
similar to that calculated in our study (1.97 vs. 2.0) — was an
independent prognostic factor related to poor DMFS in Italian
women with stage I and IIA BC (30). However, no data were
reported regarding other outcome measures, in particular for
loco-regional recurrence (30). Here, we demonstrated that the
association observed between elevated pre-treatment NLR
and BC recurrence was primarily due to the high proportion
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of patients with NLR >2 who developed distant metastases
(74%), while the percentage of patients with high NLR was
similar between patients who had loco-regional recurrence
(50%), or those who remained free of disease (46%).
Accordingly, NLR significantly associated with a worse
DMES, but not with local recurrence-free survival, both in
the entire cohort of primary BC and in stage I disease.

There are, of course, certain limitations to our study that
need to be acknowledged. First, the relatively small sample
size might have weakened the statistical power especially in
subgroup analyses. Moreover, NLR analysis was conducted
as a retrospective procedure, although all eligible
consecutive patients within the designated timeframe were
included and all measurements were performed at time of
recruitment. In addition, tests were run by a single laboratory
under ongoing quality control protocols, which minimized
the difference in sample analyses. On the other hand, the
strength of our analysis is represented by the use of samples
collected and processed in the context of two large Biobanks
using shared standard operating procedures. Finally, the
presence of a shared clinical database ensured the
homogeneity and correct definition of the prognostic stage,
as advocated by the AJCC expert panel.

Conclusion

To date, numerous surrogate biomarkers of inflammation
have been evaluated either in vivo or in vitro for BC, but
none has entered common use in a clinical setting. Among
these, NLR might represent an attractive choice, thanks to
its ease of use and low cost, especially in low-middle
income regions where the public health decision-making
cannot afford more costly solutions. Its prognostic value,
however, should be regarded with caution and detailed
clinical evaluation is needed before the ultimate prognostic
significance of NLR in BC can be determined. Additional
studies are required to prospectively evaluate the clinical
value of pre-treatment NLR in BC, or its predictive
significance for treatment response (31, 32, 39) and/or
adverse events (40). Nevertheless, we believe that its
determination might provide important information regarding
risk stratification, especially in stage I patients in whom the
presence of high NLR might raise the question as to whether
they should be more aggressively managed.

Conflicts of Interest

All Authors declare no conflict of interest in connection with this
paper.

Acknowledgements

The Authors express deep gratitude to all patients and their families
for providing the opportunity to conduct the present research



Ferroni et al: Prognostic Significance of NLR in Breast Cancer

project. The Authors also wish to thank Laura Detto, RN and Elena
Manganelli, RN, from the San Giovanni Hospital-Addolorata and
Lorena Perrone, RN, Emanuela Durante, RN, Sabrina Amorosi, RN,
and Daniela Lo Giudice, RN, from the Medical Oncology Unit, Tor
Vergata Clinical Center, who enthusiastically supported the
researchers and contributed to the overall success of the project.
This work has been partially supported by the European Social
Fund, under the Italian Ministry of Economic Development, Grant
“HORIZON 2020” PON I&C 2014-2020 — NET4HEALTH (CUP
B88117000350008).

References

1 Coffelt SB, Wellenstein MD and de Visser KE: Neutrophils in
cancer: neutral no more. Nat Rev Cancer 16: 431-446, 2016.

2 Mouchemore KA, Anderson RL and Hamilton JA: Neutrophils,
G-CSF and their contribution to breast cancer metastasis. FEBS
J 285: 665-779, 2018.

3 Templeton AJ, McNamara MG, §eruga B, Vera-Badillo FE,
Aneja P, Ocafa A, Leibowitz-Amit R, Sonpavde G, Knox JJ,
Tran B, Tannock IF and Amir E: Prognostic role of
neutrophil-to—lymphocyte ratio in solid tumors: a systematic
review and meta-analysis. J Natl Cancer Inst /06: djul24, 2014.

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.

5 Wei B, Yao M, Xing C, Wang W, Yao J, Hong Y, Liu Y and Fu
P: The neutrophil lymphocyte ratio is associated with breast
cancer prognosis: an updated systematic review and meta-
analysis. Onco Targets Ther 9: 5567-5575, 2016.

6 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: 2,2017.

7 Liu X, Qu JK, Zhang J, Yan Y, Zhao XX, Wang JZ, Qu HY, Liu
L, Wang JS and Duan XY: Prognostic role of pretreatment
neutrophil to lymphocyte ratio in breast cancer patients: A meta-
analysis. Medicine (Baltimore) 96: 8101, 2017.

8 Azab B, Bhatt VR, Phookan J, Murukutla S, Kohn N, Terjanian
T and Widmann WD: Usefulness of the neutrophil-to-
lymphocyte ratio in predicting short- and long-term mortality in
breast cancer patients. Ann Surg Oncol 19: 217-224, 2012.

9 Azab B, Shah N, Radbel J, Tan P, Bhatt V, Vonfrolio S, Habeshy
A, Picon A and Bloom S: Pretreatment neutrophil/lymphocyte
ratio is superior to platelet/lymphocyte ratio as a predictor of long-
term mortality in breast cancer patients. Med Oncol 30: 432, 2013.

10 Nakano K, Hosoda M, Yamamoto M and Yamashita H:
Prognostic significance of pre-treatment neutrophil: lymphocyte
ratio in Japanese patients with breast cancer. Anticancer Res 34:
3819-3824,2014.

11 Koh CH, Bhoo-Pathy N, Ng KL, Jabir RS, Tan GH, See MH,
Jamaris S and Taib NA: Utility of pre-treatment neutrophil-
lymphocyte ratio and platelet-lymphocyte ratio as prognostic
factors in breast cancer. Br J Cancer //3: 150-158, 2015.

12 Dirican A, Kucukzeybek BB, Alacacioglu A, Kucukzeybek Y,
Erten C, Varol U,Somali I, Demir L, Bayoglu 1V, Yildiz Y, Akyol
M, Koyuncu B, Coban E, Ulger E, Unay FC and Tarhan MO:
Do the derived neutrophil to lymphocyte ratio and the neutrophil
to lymphocyte ratio predict prognosis in breast cancer? Int J Clin
Oncol 20: 70-81, 2015.

13 Suppan C, Bjelic-Radisic V, La Garde M, Groselj-Strele A,
Eberhard K, Samonigg H, Loibner H, Dandachi N and Balic M:
Neutrophil/Lymphocyte ratio has no predictive or prognostic
value in breast cancer patients undergoing preoperative systemic
therapy. BMC Cancer 15: 1027, 2015.

14 Bozkurt O, Karaca H, Berk V, Inanc M, Ocak Duran A, Ozaslan
E, Ucar M and Ozkan M: Predicting the role of the pretreatment
neutrophil to lymphocyte ratio in the survival of early triple-
negative breast cancer patients. ] BUON 20: 1432-1439, 2015.

15 Pistelli M, De Lisa M, Ballatore Z, Caramanti M, Pagliacci A,
Battelli N, Ridolfi F, Santoni M, Maccaroni E, Bracci R,
Santinelli A, Biscotti T, Berardi R and Cascinu S: Pre-treatment
neutrophil to lymphocyte ratio may be a useful tool in predicting
survival in early triple negative breast cancer patients. BMC
Cancer 15: 195, 2015.

16 Liu C, Huang Z, Wang Q, Sun B, Ding L, Meng X and Wu S:
Usefulness of neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio in hormone-receptor-negative breast cancer.
Onco Targets Ther 9: 4653-4660, 2016.

17 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: 1104-1110, 2016.

18 Hong J, Mao Y, Chen X, Zhu L, He J, Chen W, Li Y, Lin L, Fei
X and Shen K: Elevated preoperative neutrophil-to-lymphocyte
ratio predicts poor disease-free survival in Chinese women with
breast cancer. Tumour Biol 37: 4135-4142, 2016.

19 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: 266-270, 2017.

20 Rimando J, Campbell J, Kim JH, Tang SC and Kim S: The
pretreatment neutrophil/lymphocyte ratio is associated with all-
cause mortality in black and white patients with non-metastatic
breast cancer. Front Oncol 6: 81, 2016.

21 Wariss BR, de Souza Abrahao K, de Aguiar SS, Bergmann A and
Thuler LCS: Effectiveness of four inflammatory markers in
predicting prognosis in 2374 women with breast cancer.
Maturitas 101: 51-56, 2017.

22 Noh H, Eomm M and Han A: Usefulness of pretreatment
neutrophil to lymphocyte ratio in predicting disease-specific
survival in breast cancer patients. J Breast Cancer /6: 55-59, 2013.

23 Koh YW, Lee HJ, Ahn JH, Lee JW and Gong G: Prognostic
significance of the ratio of absolute neutrophil to lymphocyte
counts for breast cancer patients with ER/PR-positivity and
HER2-negativity in neoadjuvant setting. Tumour Biol 35: 9823-
9830, 2014.

24 Amin MB, Edge S, Greene F, Byrd DR, Brookland RK,
Washington MK, Gershenwald JE, Compton CC, Hess KR,
Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL,
Balch CM, Winchester DP, Asare EA, Madera M, Gress DM and
Meyer LR (eds.): AJCC Cancer Staging Manual, Eighth Edition.
Springer International Publishing, 2017.

25 Lee SB, Sohn G, Kim J, Chung 1Y, Lee JW, Kim HJ, Ko BS,
Son BH and Ahn SH: A retrospective prognostic evaluation
analysis using the 8th edition of the American Joint Committee
on Cancer staging system for breast cancer. Breast Cancer Res
Treat 169: 257-266, 2018.

4711



ANTICANCER RESEARCH 38: 4705-4712 (2018)

26 Takeuchi H, Kawanaka H, Fukuyama S, Kubo N, Hiroshige S
and Yano T: Comparison of the prognostic values of preoperative
inflammation-based parameters in patients with breast cancer.
PLoS One 12: e0177137,2017.

27 Hammond ME, Hayes DF, Dowsett M, Allred DC, Hagerty KL,
Badve S, Fitzgibbons PL, Francis G, Goldstein NS, Hayes M,
Hicks DG, Lester S, Love R, Mangu PB, McShane L, Miller K,
Osborne CK, Paik S, Perlmutter J, Rhodes A, Sasano H,
Schwartz JN, Sweep FC, Taube S, Torlakovic EE, Valenstein P,
Viale G, Visscher D, Wheeler T, Williams RB, Wittliff JL and
Wolff AC: American Society of Clinical Oncology/College of
American Pathologists guideline recommendations for
immunohistochemical testing of estrogen and progesterone
receptors in breast cancer. J Clin Oncol 28: 2784-2795, 2010.

28 Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC,
Cote RJ, Dowsett M, Fitzgibbons PL, Hanna WM, Langer A,
McShane LM, Paik S, Pegram MD, Perez EA, Press MF, Rhodes
A, Sturgeon C, Taube SE, Tubbs R, Vance GH, van de Vijver M,
Wheeler TM and Hayes DF, American Society of Clinical
Oncology/College of American Pathologists: American Society
of Clinical Oncology/College of American Pathologists guideline
recommendations for human epidermal growth factor receptor 2
testing in breast cancer. Arch Pathol Lab Med /31: 18-43, 2007.

29 Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart
M, Thiirlimann B and Senn HJ, Panel members: Personalizing
the treatment of women with early breast cancer: highlights of
the St Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2013. Ann Oncol 24: 2206-
2223,2013.

30 Orditura M, Galizia G, Diana A, Saccone C, Cobellis L,
Ventriglia J, Iovino F, Romano C, Morgillo F, Mosca L,
Diadema MR, Lieto E, Procaccini E, De Vita F and Ciardiello
F: Neutrophil to lymphocyte ratio (NLR) for prediction of
distant metastasis-free survival (DMFS) in early breast cancer:
a propensity score-matched analysis. ESMO Open /: e000038,
2016.

31 Xu J, Ni C, Ma C, Zhang L, Jing X, Li C, Liu Y and Qu X:
Association of neutrophil/lymphocyte ratio and platelet/
lymphocyte ratio with ER and PR in breast cancer patients and
their changes after neoadjuvant chemotherapy. Clin Transl Oncol
19: 989-996, 2017.

32 Ulas A, Avci N, Kos T, Cubukcu E, Olmez OF, Bulut N and
Degirmenci M: Are neutrophil/lymphocyte ratio and
platelet/lymphocyte ratio associated with prognosis in patients
with HER2-positive early breast cancer receiving adjuvant
trastuzumab? J BUON 20: 714-722, 2015.

4712

33 Qiu X, Song Y, Cui Y and Liu Y: Increased neutrophil-
lymphocyte ratio independently predicts poor survival in non-
metastatic triple-negative breast cancer patients. IUBMB Life
70: 529-535, 2018.

34 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: 228-232, 2017.

35 Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,
Hastie T, Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist
H, Matese JC, Brown PO, Botstein D, Lgnning PE and
Bgrresen-Dale AL: Gene expression patterns of breast
carcinomas distinguish tumor subclasses with clinical
implications. Proc Natl Acad Sci USA 98: 10869-10874, 2001.

36 Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees
CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, Fluge O,
Pergamenschikov A, Williams C, Zhu SX, Lgnning PE,
Bgrresen-Dale AL, Brown PO and Botstein D: Molecular
portraits of human breast tumours. Nature 406: 747-752, 2000.

37 Spitale A, Mazzola P, Soldini D, Mazzucchelli L and Bordoni A:
Breast cancer classification according to immunohistochemical
markers: clinicopathologic features and short-term survival
analysis in a population-based study from the South of
Switzerland. Ann Oncol 20: 628-635, 2009.

38 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and
Jemal A: Global cancer statistics, 2012. CA Cancer J Clin 65:
87-108, 2015.

39 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: 669-675, 2018.

40 Yamanouchi K, Kuba S, Sakimura C, Morita M, Kanetaka K,
Kobayashi K, Takatsuki M, Hayashida N and Eguchi S: The
relationship between peripheral neuropathy induced by docetaxel
and systemic inflammation-based parameters in patients with
breast cancer. Anticancer Res 37: 6947-6951, 2017.

Received June 26, 2018
Revised July 1, 2018
Accepted July 5, 2018



