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Prognostic role of high neutrophil-to-lymphocyte
ratio in breast cancer patients receiving
neoadjuvant chemotherapy
Meta-analysis
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Abstract
Background:We aimed to evaluate the correlation of neutrophil-to-lymphocyte ratio (NLR) with pathological response, disease-
free survival (DFS), and overall survival (OS) in patients with breast cancer and under neoadjuvant chemotherapy (NAC).

Materials andmethods:We performed a systematical search using Cochrane Library, ScienceDirect, PubMed, Embase, and
Web of Science up to May 2018. On the basis of the data directly obtained from the available studies, the odds ratios (ORs) and their
95% confidence intervals (95% CIs) were pooled on the basis of higher or lower NLR levels.

Results:The meta-analysis showed that high NLRwas significantly associated with poor NAC response (OR=2.27, 95%CI: 1.46–
3.53, P< .001) but not with the DFS (OR=1.18, 95% CI: 0.78–1.78, P= .435) and OS (OR=2.781, 95% CI: 0.54–14.32, P= .221).

Conclusion:Although high NLR was significantly associated with poor pathological response, we were unable to demonstrate the
prognostic value of NLR for DFS and OS in patients with breast cancer who were undergoing NAC.

Abbreviations: CI = confidence interval, NAC = neoadjuvant chemotherapy, NLR = neutrophil-to-lymphocyte ratio, OR = odds
ratio.
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1. Introduction

Currently, neoadjuvant chemotherapy (NAC) is widely used in
managing locally advanced breast cancer primarily because of its
ability to downsize large tumors. NAC increases the rate of
breast-conserving surgery if the breast cancer cell is sensitive to
chemotherapy. Previous studies demonstrated that patients with
breast cancer in pathologic complete remission (pCR) who
underwent NAC hold a significantly better prognosis than
patients without pCP.[1,2] The accurate assessment of a response
to NAC before surgery is crucial in breast cancer management.
The early and accurate prediction of tumor response to NACmay
contribute to the personalization of a treatment regimen and
prevention of ineffective chemotherapy.[3,4]
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The presence of an elevated peripheral neutrophil-to-lympho-
cyte ratio (NLR), an indicator of systemic inflammation, has been
recognized as a poor prognostic factor in various cancers. Some
articles[5–14] showed that high NLR is associated with poor NAC
response in patients with breast cancer, and other investigations
failed.[15] To address this controversy, we evaluated the NLR as a
potential prognostic marker for breast cancer and determine
the relationship between NLR and clinicopathologic features
through meta-analysis.
2. Methods

The study report is based on the guidelines of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses[16] and Meta-
Analysis of Observational Studies in Epidemiology. All results
and analyses were based on previous ethically approved studies;
thus, no further ethical approval and patient consent are
required.
2.1. Literature search

Cochrane Library, ScienceDirect, PubMed, Embase, and Web of
Science were searched for studies up to May 2018 by using the
following search terms: “breast cancer,” “neutrophil-to-lympho-
cyte ratio,” and “neoadjuvant chemotherapy.” The bibliogra-
phies from these relevant articles were also manually searched for
additional eligible studies.
The following studies were included: studies concerning NAC

response of cancer patients with high NRLs versus that of cancer
patients with low NRLs; studies with complete information for
the assessment of hazard ratios (HRs) or risk ratios (RRs) and
their 95% confidence intervals (95% CIs) for pathological
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response, disease-free survival (DFS), and overall survival (OS);
and studies with duplicate data and those that reported the largest
sample. The exclusion criteria were insufficient data and letters,
editorials, case reports, reviews, comments, or meeting abstracts.
2.2. Data extraction and quality assessment

Two investigators (LBX and YHL) independently reviewed all
the identified studies and extracted data by using a predefined
form. The results were confirmed by a third reviewer (JL). The
following information was abstracted from each eligible study:
first author’s name, publication year, study location, cutoff value,
and patient quantity. The odds ratios (ORs) and 95% CIs
obtained directly from published articles were integrated in the
meta-analysis in accordance with the study conducted.
The quality of the eligible studies in this present meta-analysis

was assessed independently by 2 reviewers (YHL and YFY) in
accordance with the Newcastle–Ottawa Scale (NOS).[17] Studies
with scores of ≥5 were considered of high quality. Disagreements
on the quality assessment of studies were solved through
discussion.
Figure 1. Flow diagram of the incl
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2.3. Statistical analysis

All analyses were conducted using STATA/MP 14.2 (StataCorp,
College Station, TX). The prognostic value of NLR in this meta-
analysis was determined with the pooled ORs and corresponding
95% CIs. Heterogeneity between studies was evaluated with
CochranQ test and I2 test. Fixed-effect models were adopted only
for a P> .1 or I2<50%. Otherwise, the random-effect models
were applied for the calculation of the pooled HR. To assess a
small study effect, we used Egger and Begg test to detect
asymmetry in the funnel plot. Because the number of included
studies reported DFS and OS was too small, we did not assess
meta-regression analyses, publication bias, and sensitivity
analysis. All statistical tests were 2-sided, and a P value of
< .05 was considered statistically significant.
3. Results

3.1. Literature search

The initial search returned 122 studies, and additional 6 studies
were identified by manual search. After 22 duplicated studies
usion and exclusion of studies.



Table 1

Characteristics of the included studies.

Study Study region No. of patients NLR cutoff Pathological response Types of outcome reported Study period NOS score

Asano et al[5] Japan 177 3.0 pCP Pathological response 2007–2013 8
Chae et al[6] Korea 87 1.7 pCP Pathological response 2004–2012 8
Chen et al[7] China 394 1.6 pCP Pathological response 2013–2015 8
Chen et al[8] China 215 2.1 pCP Pathological response, DFS, OS 2001–2010 9
Eryilmaz et al[9] Turkey 78 2.33 pCP Pathological response 2000–2013 8
Fan et al[10] China 304 NA pCP DFS 2010 8
Hernández et al[11] Spain 150 3.33 pCR + pMR Pathological response, DFS, OS 2003–2016 9
Koh et al[12] Korea 157 2.25 pCP Pathological response, DFS, OS 2002–2010 9
Qian et al[13] China 180 2.15 pCP Pathological response 2008–2015 8
Suppan et al[15] Austria 237 NA pCP DFS 2001–2012 8
Xu et al[14] China 128 1.67 pCP + pPR Pathological response 2011–2015 8

DFS=disease-free survival, NA=not available, No.=number, NOS=Newcastle–Ottawa Scale, OS= overall survival, pCR=pathological complete response, pMR=pathological major response, pPR=
pathological part response.
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were removed, 106 studies were screened, and 91 studies were
excluded because of their irrelevant titles or abstracts. Of the
remaining 15 potential full-text studies, 2 studies had incomplete
data, and 2 were conference abstracts. Eventually, 11 publica-
tions were determined eligible for the present pooled analysis.
The literature search process was summarized in a flow diagram
on the basis of PRISMA (Fig. 1).

3.2. Characteristics of the included studies

The characteristics of the included studies are listed in Table 1.
The 11 studies included 2107 patients with breast cancer
Figure 2. Forest plot of the association of high NLR and prog
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reported worldwide: 5 fromChina, 2 fromKorea, 1 fromTurkey,
1 from Spain, 1 from Japan and 1 from Austria, and these studies
were published from 2011 to 2018. The subject number of studies
varied from 78 to 394, with a mean size of 191. Nine of the
studies reported the pathological response of patients on the
basis of NLR levels, 5 also reported the DFS, and 3 studies
reported the OS.
3.3. High NLR and pathological response or prognosis

Ameta-analysis showed that high NLR is significantly associated
with poor NAC response (OR=2.27, 95% CI: 1.46–3.53,
nostic role. (A) Pathological response, (B) DFS, and (C) OS.
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Table 2

Meta-regression analysis of potential sources of heterogeneity.

Heterogeneity factors Coefficient SE Z P 95% CI (lower limit, upper limit)

Pathological response
Sample size 0.404 0.811 0.50 .645 �1.847, 2.654
Publication year �0.327 0.538 �0.61 .576 �1.821, 1.167
Ethnicity �0.238 0.960 �0.25 .817 �2.904, 2.429
Cutoff �0.826 0.561 �1.47 .215 �2.385, 0.732

CI= confidence intervals, DFS=disease-free survival, NA=not available, OS= overall survival, SE= standard error.
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P< .001; I =58.6%, P= .013; Fig. 2A) but not with DFS (OR=
1.18, 95%CI: 0.78–1.78, P= .435; I2=72.1%, P= .006; Fig. 2B)
and OS (OR=2.781, 95% CI: 0.54–14.32, P= .221; I2=73.3%,
P= .024; Fig. 2C).

3.4. Meta-regression analyses

To address the heterogeneity among analyzed studies, we
performed meta-regression analyses by sample size (�100 or
>100), ethnicity (Asian or Non-Asian), publication year (before
2016 or after 2016), and cutoff value (�2.0 or>2.0), but did not
account for the heterogeneity source (Table 2).
3.5. Sensitivity analysis

Given that heterogeneity was observed in the meta-analysis,
sensitivity analysis was performed for the studies included in this
work. Figure 3 shows that the results of most of the included
studies are close to the central line without obvious deviation.
Figure 3. Funnel plots of pathologic
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3.6. Publication bias

No evidence of publication bias was observed on the basis of
visual inspection of the funnel plots or Begg test for pathological
response (P= .917; Fig. 4).

4. Discussion

Systemic inflammation plays an important role in promoting
tumor progression. Most cancers develop at infection regions,
such as chronic irritation and inflammation. Tumor micro-
environments regulated by inflammatory cells clearly play a basic
role in the neoplastic process, stimulation of proliferation, and in
migration and survival. Numerous studies showed that elevated
inflammatory markers, such as NLR and platelet/lymphocyte
ratio, are associated with poor prognosis in patients with breast
cancer, but the exact results are still undefined.
In this meta-analysis, we evaluate the correlation of NLR with

pathological response by analyzing 9 related researches. The
al response for publication bias.



Figure 4. Sensitivity analysis of the relationships between high NLR and the pathological response.
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result revealed that higher NLR was significantly associated with
poor pathological response in patients with breast cancer; this
finding validates several previous studies.[5–14] By contrast, our
results differed from those of Li et al,[18] who found highNLR not
to associate with poor NAC response. There are 3 potential
reasons for this result that is different from the previous
systematic review. First, this discrepancy may be due to that
we directly extracted HRs and 95% CIs from the original study
and did not calculate HRs and 95% CIs from the Kaplan–Meier
curves. Second, the previous meta-analysis[18] combined full-text
studies with abstracts, but our meta-analysis synthesized full-text
studies only. Third, we included 2 latest studies published in
2018, which can lead to conflict with research by Li et al.[18] We
then evaluated the relationship between NLR and prognostic
significance in patients with breast cancer undergoing NAC.
Contrary to our expectations, the pooled data indicated that high
NLR was not associated with FS (P= .435) and OS (P= .221).
This observation coincides with the results of Li et al.[18] These
studies showed that NLR alone without any other inflammatory
markers is insufficient to provide sufficient information to
clinicians as a long-term prognostic marker.
Heterogeneity is a potential problem that can influence the

incorporation effect and the interpretation of results. Because
significant heterogeneity was present in this analysis, our study
also explored factors that may be a source of heterogeneity by
meta-regression analysis. Although the specific covariates of
patient and study were examined, none that can affect NLR
accuracy was found. In addition, considering the restriction of the
number of included studies, we were unable to perform a meta-
regression analysis for different clinical characteristics. Thus, the
findings presented herein should be interpreted cautiously.
5

This meta-analysis holds some limitations that need to be
addressed in future studies. First, the obvious limitation of this
study was a heavy dominance of Asian studies. Given the racial
differences in breast cancer, studies from various countries are
necessary. Second, the ability to assess the accuracy of NLR may
be decreased andmay result in publication bias and heterogeneity
considering the relatively few number of studies (i.e., 9 for
pathological response, 5 for DFS, and 3 for OS). Finally, the
presence of other diseases in addition to cancer, such as coronary
artery disease, hepatic disease, metabolic syndrome, and any
inflammation-related diseases, can alter the level of theNLR. This
alteration may have affected our results.
5. Conclusion

Our data support high NLR as a useful predictive factor for
assessing treatment response to NAC in patients with breast
cancer but do not show association with DFS and OS. Future
prospective studies with large sample sizes and enhanced study
designs are required to confirm our findings.
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