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Abstract

Background: We have previously shown that the neutro-
phil/lymphocyte ratio (NLR) is a predictor of survival among
breast cancer patients. The aim of this study was to deter-
mine the predictive value of NLR among different nodal and
chemotherapy subgroups of triple negative breast cancer
(TNBC). Methods: Patients with stage 1-3 TNBC who under-
went treatment from 2007 to 2014 and had blood counts
prior to treatments were included. Patients were catego-
rized into high (>2) and low (<2) NLR groups. Primary out-
comes were overall survival (OS) and disease-free survival
(DFS). Results: The average follow-up time was 54 months.
The high NLR group had worse OS (HR 2.8, Cl 1.3-5.9, p <
0.001) and DFS (HR2.3,ClI 1.2-4.2,p < 0.001) than the low NLR
group. After adjusting for confounding variables, high NLR
was an independent prognostic factor for both OS (HR 5.5,
Cl 2.2-13.7, p < 0.0001) and DFS (HR 5.2, Cl 2.3-11.6, p <
0.0001). Categorization of TNBC patients by NLR (high vs.
low) and nodal status (positive vs. negative) resulted in four
groups with significantly different OS and DFS (log rank p <
0.0001). Significant improvements in OS (p < 0.001) and DFS

(p < 0.001) were observed for patients who received chemo-
therapy and had high NLR but not for patients with low NLR
(p = 0.65 and p = 0.07, respectively). Conclusion: High pre-
treatment NLR is an independent predictor of poor OS and
DFS among TNBC patients. Combining NLR and pN provides
better risk stratification for TNBC patients. Chemotherapy
appears to be beneficial only in patients with high NLR. Larg-
er prospective studies are needed to validate these findings.

© 2020 S. Karger AG, Basel

Introduction

Over many decades, breast cancer remains a major tar-
get for research by most of the health organizations. De-
spite the actual declining of breast cancer mortality over
the last two decades, the 2017 estimates of new cases and
breast cancer-related deaths are expected to be 252,710
and 40,610, respectively [1]. The aforementioned im-
provement of survival among breast cancer patients was
partially attributed to the current understanding of the
breast molecular subtypes including the targeted treat-
ment modalities (i.e., hormonal and HER-2-targeted
therapies). However, further research is needed for the
estrogen, progesterone, and HER-2 receptor-negative
breast cancer patients known as the triple negative breast
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cancer (TNBC) group. TNBC comprises about 15 to 20%
of the total breast cancer population [2] and is associated
with poor disease-free survival (DFS) and overall surviv-
al (OS) [3]. Research efforts continued to categorize the
TNBC group into seven molecular subtypes [4] and fur-
ther to study the treatment response among these differ-
ent subtypes [5, 6].

As the inflammation plays a pivot role and an integral
component in the process of cancer progression and me-
tastasis [7-9], elevated inflammatory surrogates (e.g., C-
reactive protein, serum amyloid A, and serum interleu-
kin-6) were found to correlate with reduced survival
among breast cancer patients [10-12]. We previously re-
ported a simple inflammatory marker, the elevated pe-
ripheral neutrophil/lymphocyte ratio (NLR), as an inde-
pendent predictor of poor short- and long-term survival
in breast cancer patients [13, 14]. Recently, several meta-
nalyses have demonstrated the negative impact of elevat-
ed NLR on breast cancer patients’ outcomes [15-17].
Similarly, among TNBC, elevated NLR was associated
with poor survival among 90 TNBC patients [18]. More-
over, Asano et al. [19] found elevated NLR as a predictor
of low rate of pathological complete remission among 61
TNBC patients. While the axillary lymph node status re-
mains a valuable prognostic factor for breast cancer pa-
tients, the aim of this study was to determine the predic-
tive value of NLR among different pathological nodal
(pN) and chemotherapy subgroups of TNBC.

Methods

This is a retrospective longitudinal cohort study comprising of
125 consecutive women with TNBC who were undergoing treat-
ment at the University of Miami, Jackson Memorial Hospital, and
Sylvester Comprehensive Cancer Center from January 2007 to De-
cember 2014. Inclusion criteria were patients diagnosed with
TNBC with data on complete blood count including leukocyte dif-
ferential available before surgery and/or chemotherapy. Exclusion
criteria were patients without blood count data prior to chemo-
therapy, presence of active infection during the pretreatment pe-
riod, presence of coexisting hematological malignancies or other
hematological disorders, autoimmune disorders, and patients on
recent steroid therapy. Patients were followed up until July 2016,
with an average follow-up time of 54 months (range 24-110).

Differential leukocyte counts were obtained by the Coulter
counter® technique (Coulter Gen.S Hematology Analyzer; Beck-
man Coulter Corp., Hialeah, FL, USA). Data collection was accom-
plished by electronic chart review of each patient to obtain infor-
mation on demographic characteristics, tumor characteristics, in-
cluding grade and stage as well as laboratory parameters. Data on
the primary endpoint (mortality) were obtained from the cancer
registry and social security death index. Positive smoking status
meant active or ex-smoker. The AJCC classification was obtained
depending upon the tumor (T), node (N), and metastases (M) sta-
tus of each cancer. Complete pathological response after neoadju-
vant chemotherapy was defined as absence of a residual invasive
component in breast or lymph node (ypT0/is ypNO) [20]. The es-
trogen receptor and progesterone receptors were considered posi-
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Table 1. Demographic, clinicopathological, and treatment vari-
ables according to the pretreatment NLR among TNBC patients

LowNLR  High NLR  pvalue
(n=62) (n=61)

Age, years 54.7£11.83 51.1x12.59 0.1
Race

Caucasian 5(8%) 12 (20%) 0.2

Black 22 (35%) 14 (23%) 0.2

Hispanic 35 (56%) 35(57%) 1
Smoking history 14 (23%) 16 (26%) 0.8
T stage

TO0-1 23 (37%) 19 (31%) 0.7

T2 26 (42%) 19 (31%) 0.3

T3-4 13 (21%) 23 (38%) 0.048
cN stage

NO 41 (66%) 34 (56%) 0.3

N1 13 (21%) 19(31%) 0.2

N2-3 7 (11%) 9(15%) 0.6
pT stage

ToO 5 (8%) 11(18%) 0.1

T1 25(40%) 23 (38%) 0.9

T2 24 (39%) 17 (28%) 0.3

T3-4 8(13%) 10 (16%) 0.6
pN stage

pNO 39 (63%) 38 (62%) 1

pN1 13(21%)  13(21%) 1

pN2-3 10 (16%) 9 (15%) 1
AJCC stage

Stage 0 5 (8%) 11(18%) 0.1

Stage 1 18 (29%) 17 (28%) 1

Stage 2 27 (44%) 21 (34%) 0.3

Stage 3 12(19%)  11(18%) 1
Tumor grade (high) 49 (79%) 47 (77%) 1
Total mastectomy 27 (44%) 35(57%) 0.2
Radiotherapy 39 (63%) 39 (64%) 1
Chemotherapy 50 (81%) 56 (92%) 0.8
Neoadjuvant chemotherapy 22 (35%) 38 (62%) 0.003
Adjuvant chemotherapy 28 (45%) 18 (30%) 0.4
Pathological complete

response 4 (18%) 11 (28%) 0.5
Total leukocyte count 6.7£1.07 7.4+1.89  0.01
Neutrophil count 3.6£1.02 5.0£1.50  0.001
Lymphocyte count 2.5%0.65 1.8+0.57 0.001

tive if there were >1% positive tumor nuclei in the sample. HER-2
status was tested by immunohistochemistry (IHC) using a semi-
quantitative score (0-3+). Tumors with 3+ HER2 on IHC staining
were considered to show HER2 overexpression; tumors with 2+
HER?2 were further analyzed by fluorescence in situ hybridization;
and those with HER2/CER17 C 2.0 were also considered to ex-
hibit HER2 overexpression.

NLR was defined as the ratio of the absolute neutrophil count/
absolute lymphocyte count. NLR was used as continuous variable
as well as categorical variable. The patients were categorized as low
(<2) and high NLR (>2), as it was found to be the median of our
patients NLR values and based on the previously suggested NLR
cutoff point [21]. The patients were divided into two pN stage
groups (group 1 included patients with pNO, group 2 included pN+
patients). Categorization of TNBC patients by NLR and pN status
resulted in four groups of patients (group 1 = low NLR/pNO, 2 =
high NLR/pNO, 3 = low NLR/pN+, and 4 = high NLR/pN+).

Azab et al.
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Fig. 1. a The 5-year OS and DFS statuses according to the pretreatment NLR among pNO TNBC patients. b The
5-year OS and DFS statuses among TNBC patients according to their chemotherapy statuses in low and high NLR

subgroups.
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Table 2. Cox regression multivariate model of the 5-year OS and DFS among 125 TNBC patients

(N DEFS

HR 95% CI p value HR 95% CI p value
High NLR vs. low NLR 5.53 2.23 13.71 0.0001 5.21 2.35 11.56 0.0001
Age >60 years 2.09 0.83 523  0.12 1.65 0.79 3.45 0.18
pT 1-2vs. pT 3-4 0.51 0.25 1.08  0.08 0.37 0.20 0.69 0.002
pNO vs. pN+ 8.09 3.46 18.92 0.0001 4.60 2.36 8.95 0.0001
Chemotherapy 0.25 0.08 0.78  0.02 0.26 0.10 0.67 0.005
Radiotherapy 0.82 0.39 1.73  0.60 0.84 0.44 1.58 0.58

HR, hazard ratio; CI, confidence interval; NLR, neutrophil/lymphocyte ratio; pT, pathological T stage; pNO,
negative pathological lymph node; pN+, positive pathological lymph node.

Table 1 shows the patient characteristics according to the two
NLR groups. Continuous variables are presented as mean + stan-
dard error, and categorical variables are presented as frequencies
and percentages. For group comparisons, x> and Fisher’s exact
tests were used for categorical variables, and ANOVA and Krus-
kal-Wallis tests were used for continuous variables (depending
upon the distribution of the continuous variable). Statistical anal-
ysis was performed using SPSS (version 16.0, SPSS, Inc., Chicago,
IL, USA). Kaplan-Meier survival curves were plotted to illustrate
difference in the OS and DFS. Statistical difference in the survival
curves was evaluated using the log rank test. The Cox regression
hazards model was used to build a multivariate model in order to
evaluate the independent effect of NLR on mortality. All probabil-
ities are two-sided, and p values <0.05 were considered statisti-
cally significant.

Results

A total of 123 women with TNBC fulfilled the inclu-
sion criteria. The average follow-up time was 54 months
(range 24-110). There were 62 patients with low NLR
(<2) and 61 patients with high NLR (>2). Both low and
high NLR groups had no statistically significant differ-
ence in most of their clinicopathological and treatment
variables (Table 1). However, patients with high NLR had
statistically significant higher rates of advanced cT stages
and neoadjuvant treatment. Though the high NLR group
had a higher rate of complete pathological response (11
of 38 [29%]) compared to the low NLR group (4 of 22
[18%]), this was not statistically significant.

The lower NLR group had better OS and DFS (53 of 62
[87%] and 46 of 62 [74%]) than those for the high NLR
group (41/61 [67%] and 33/61 [54%]). In Cox regression
analysis, the high NLR group had worse OS (HR 2.8, CI
1.3-5.9, p < 0.001) and worse DFS (HR 2.3, CI 1.2-4.2,
P <0.001) than thelow NLR group. Moreover, categoriza-
tion of TNBC patients by NLR and pN status resulted in
four groups of patients with different Kaplan-Meier sur-
vival curves (Fig. 1a). Patients with a positive pN status
and high NLR (pN+/high NLR) had the worst survival,
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while those with a negative pN status and low NLR (pN0/
low NLR) had the best survival (log rank p < 0.0001).

Even after adjusting for age, pT and pN stages, radio-
therapy and chemotherapy status, on Cox regression
multivariate analysis, high NLR was an independent
prognostic factor for both OS (HR 5.5, CI 2.2-13.7, p <
0.0001) and DES (HR 5.2, CI 2.3-11.6, p < 0.0001) (Table
2).

Additional analysis was performed to evaluate the im-
pact of chemotherapy on different NLR groups. Interest-
ingly, patients receiving chemotherapy showed statisti-
cally improved OS and DFS amongst the high NLR group
(p <0.001 and p < 0.001, respectively) compared to those
who did not receive chemotherapy. On the contrary, the
low NLR group had no statistically significant OS or DFS
amongst those who received chemotherapy versus those
who did not (p = 0.65 and p = 0.07, respectively) (Fig. 1b).

Discussion

Main Findings of the Study

Our study showed that a high pretreatment NLR is an
independent predictor of OS and DFS among TNBC pa-
tients. Though we reported the similar finding in gen-
eral breast cancer (i.e., including all molecular breast
cancer subtypes), we advocate its more vital significance
amongst that specific group of breast cancer with no tar-
geted therapy. Previous studies showed the negative im-
pact of elevated NLR among TNBC [18, 19, 21, 22]. In-
terestingly, our study showed better survival in the high
NLR group receiving chemotherapy versus those with
high NLR who did not receive chemotherapy. In con-
trast, those with low NLR showed no statistical difference
in OS or DFS regarding their chemotherapy status. To
our knowledge, this is the first study to evaluate the value
of NLR to predict OS and DFS among TNBC in conjunc-
tion with both adjuvant and neoadjuvant chemotherapy
statuses (Table 3).

Azab et al.



Table 3. Previous studies investigated the value of the NLR among TNBC patients

Authors Country Number NLR  Reported chemotherapy pCR  OS DES Comments
of patients cutoff

Asano et al. Japan 61 3 neoadjuvant 28/61 NA NS They reported high pCR

[19] with low NLR; also, low
NLR with pCR had better
survival than high NLR
with pCR (2 patients)

Bozkurtetal. Turkey 85 2 adjuvant chemotherapy NA  HR29, HRS5S5,

(22] p=004 p=001

Jia et al. China 225 2 NA NA  HR3.1, HR26, Multivariate analysis for all

[21] p=0.04 p=0.01 molecular subtypes showed
OS for pN+ vs. pNO HR 2.5,
p=0.055

Noh et al. Korea 81 2.5 NA NA NS NS Multivariate analysis for

(23] total patients including
other molecular subtypes
showed pN+ vs. pNO HR
11, p = 0.001, NLR >2.5 HR
4,p=0.003

Pistellietal.  Ttaly 90 3 adjuvant chemotherapy NA  HR6.2, HRS5.2, pN and pT status were not

[18] p=0.01 p=0.03 significant in multivariate

NLR, neutrophil/lymphocyte ratio; pCR, pathological complete response; OS, overall survival; DFS, disease-free survival; NA, not
available; NS, nonsignificant; pN, pathological nodal stage; pT, pathological T stage.

Comparison of This Study with Previous Studies

Similar to previous studies [18, 21, 22], we found that
pretreatment NLR is a strong independent predictor of
survival among TNBC patients. Similar findings were not
found in smaller sample studies with 61 and 81 TNBC
patients [19, 23]. Contrary to Asano etal. [19], who found
a higher rate of pCR among the lower NLR group, our
results showed a non-statistically significant higher rate
of pCR among the high NLR group compared to the low
NLR group (80 vs. 75%). Of note Asano’s study (61 pa-
tients) and our study (60 patients) had a relatively small
number of TNBC patients who received neoadjuvant
chemotherapy. We found a statistically significant asso-
ciation between high NLR and advanced T stage cancer,
which was also found in other studies [13, 14, 24]. Inter-
estingly, in some multivariate models of previous studies,
high NLR was predicting mortality, while nodal status
was not showing statistical significance [13, 18, 21, 22].

The Role of Neutrophils and Lymphocytes in Breast

Cancer Outcome

There is a growing body of evidence that supports the
negative impact of tumor-associated neutrophils, neutro-
philia, and lymphopenia and also the positive impact of
tumor-infiltrating lymphocytes. The mechanism of can-
cer-induced neutrophilia is unclear. McGary et al. [25]
demonstrated tumor-induced neutrophilia via metastatic

NLR as Predictor of Survival in Stage-1-3
TNBC

tumor secretion of granulocyte-macrophage colony-
stimulating factor/interleukin-3 activity. Moreover, tu-
mor-associated neutrophils were found to promote tu-
mor growth and metastasis via the paradoxical effect of
secreting a large amount of oncostatin M when neutro-
phil cocultured with breast cancer cells [9]. Brandau et al.
[26] described the two sides of the neutrophil effect on
tumor (protumor and antitumor functions). Interesting-
ly, Coffelt et al. [27] suggest an absence of this two sides
view. Furthermore, they proposed several neutrophil
protumor mechanisms, including cancer initiation and
progression, and their potential as clinical surrogate and
therapeutic targets. On the contrary, tumor-infiltrating
lymphocytes are associated with better survival particu-
larly among TNBC patients [28]. Ohtani et al. [29] de-
scribed the favorable outcome and better survival associ-
ated with lymphocyte-predominant (lymphocyte/stroma
ratio) breast cancer, especially among TNBC. Addition-
ally, lymphopenia was associated with worse OS among
various types of cancer, including breast cancer [30]. Our
higher NLR group had a higher rate of advanced T stages
that corroborates the aforementioned reciprocal relation-
ship between tumor burden and both peripheral neutro-
phil and lymphocyte counts. Of note, the higher rate of
advanced T stages among the higher NLR group explains
the higher rate of neoadjuvant chemotherapy in the same
group compared to lower NLR patients.
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Utilization of NLR in TNBC Patients

In our study, we have found two potential utilizations
of NLR. First, categorization of patients into four groups
based on their NLR and pN statuses provides better risk
stratification for TNBC patients. We advocate the com-
bining of NLR and pN in a risk stratification model rep-
resenting the tumor and host factors. Second, utilization
potential was our finding of a better OS and DFS with
chemotherapy among the high NLR group only. These
findings need further research to validate and possible
direct the treatment modalities. Over the last decade, sev-
eral studies have demonstrated the positive impact of
normalizing NLR after chemotherapy on the survivals of
cancer patients [31-33]. Contrary to prior studies [19,
34], we did not observe a difference in pCR in both NLR
groups but rather a non-statistically significant higher
rate of pCR among high NLR.

Cuttoff Points and Use of NLR as Continuous

Variables

Of note, our cutoff point was lower than in previous
papers [13, 14, 18], as our population included a higher
rate of Hispanics and less Caucasians. Our previous paper
on a US representative population sample, demonstrated
that both Hispanics and Blacks had a lower mean NLR
(1.8 and 2.1, respectively) compared to the mean NLR
(2.2) of non-Hispanic Whites [35]. We advocate that NLR
should be used with a careful consideration to these racial
differences.

Limitations

Though our study included more TNBC patients than
previous NLR/TNBC papers, we acknowledge that the to-
tal number is relatively small. The retrospective nature of
the study precludes us from proper studying other vari-
ables (i.e., NLR change after chemotherapy). Despite ad-
justing for the confounding variables in multivariate
analyses models, the higher rate of advanced T stages and
neoadjuvant chemotherapy among higher NLR groups
could be responsible for potential biases in the final re-
sults. Our study included less Caucasians.
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Conclusion

Our study showed that high pretreatment NLR is an
independent predictor of poor OS and DFS amongst
TNBC patients. Furthermore, combining NLR and pN
provides better risk stratification for TNBC patients than
each factor alone. Chemotherapy showed survival bene-
fits only in patients with high NLR but not in patients
with low NLR. Our findings suggest a possible integration
of NLR in the treatment plan for TNBC patients. Larger
prospective studies are needed to validate these findings.
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