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ORIGINAL ARTICLE

Neutrophil–lymphocyte ratio predicts  
response to chemotherapy in triple-negative 
breast cancer
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ABSTRACT

Background The neutrophil–lymphocyte ratio (nlr) has been reported to correlate with patient outcome in several 
cancers, including breast cancer. We evaluated whether the nlr can be a predictive factor for pathologic complete 
response (pcr) after neoadjuvant chemotherapy (nac) in patients with triple-negative breast cancer (tnbc).

Methods We analyzed the correlation between response to nac and various factors, including the nlr, in 87 
patients with tnbc who underwent nac. In addition, we analyzed the association between the nlr and recurrence-
free survival (rfs) in patients with tnbc.

Results Of the 87 patients, 25 (28.7%) achieved a pcr. A high Ki-67 index and a low nlr were significantly associated 
with pcr. The pcr rate was higher in patients having a high Ki-67 index (≥15%) than in those having a low Ki-67 index 
(35.7% vs. 0%, p = 0.002) and higher in patients having a low nlr (≤1.7) than in those having a high nlr (42.1% vs. 
18.4%, p = 0.018). In multiple logistic analysis, a low nlr remained the only predictive factor for pcr (odds ratio: 4.274; 
p = 0.008). In the survival analysis, the rfs was significantly higher in the low nlr group than in the high nlr group 
(5-year rfs rate: 83.7% vs. 66.9%; log-rank p = 0.016).

Conclusions Our findings that the nlr is a predictor of pcr to nac and also a prognosticator of recurrence suggest 
an association between response to chemotherapy and inflammation in patients with tnbc. The pretreatment nlr 
can be a useful predictive and prognostic marker in patients with tnbc scheduled for nac.
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INTRODUCTION

A dna microarray analysis can classify breast cancer into 
several subtypes, which are associated with different prog-
noses. Those subtypes include hormone receptor–positive 
(such as luminal A and B), her2 (human epidermal growth 
factor receptor 2)–enriched, basal-like, and normal breast-
like1,2. The basal-like subtype is characterized by high 
expression of the basal gene cluster and proliferation sig-
nature, and is commonly negative for the estrogen receptor 
(er), progesterone receptor (pgr), and her2 expression 
(“triple negative”). Triple-negative breast cancer (tnbc) 
accounts for approximately 11%–20% of breast cancers 

and is associated with poor outcomes owing to limited 
therapeutic targets. Hormone or her2-targeted therapies 
are ineffective in tnbc; chemotherapy is the only thera-
peutic option3,4.
Neoadjuvant chemotherapy (nac) has become the standard 
treatment in locally advanced breast cancer. It can render 
surgically inoperable tumours operable or can down-
stage a primary tumour, allowing for breast-conserving 
surgery in patients who might have needed a mastectomy 
at initial diagnosis5,6. Several randomized clinical trials 
have demonstrated no difference in long-term outcome 
between patients who receive nac and those who receive 
adjuvant chemotherapy7,8. Additionally, unlike adjuvant 
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chemotherapy, nac is associated with an in vivo response 
of the tumour to chemotherapy.

More importantly, response to nac can predict patient 
outcome, with improved survival associated with a patho-
logic complete response (pcr). The correlation between 
pathologic response and long-term outcome is strongest 
for tnbc9. Although tnbc is the most chemoresponsive 
subtype of breast cancer3,10, the magnitude of the response 
to nac varies, in practice, among patients with tnbc. Some 
experience an excellent response to nac; others experience 
little response. However, the predictive factors determin-
ing the sensitivity of tnbc to chemotherapy have not been 
sufficiently elucidated. Identifying the factors predicting 
response to nac in patients with tnbc is important for 
predicting patient outcome and planning the optimal 
treatment strategy.

The prognosis of cancer patients and the chemo- 
responsiveness of t he t u mou r a re deter m ined by  
patient-related factors as well as by intrinsic tumour 
characteristics11,12. Cancer-related inflammation plays 
a critical role in cancer development and progression, 
and could be responsible for treatment response. The 
systemic inflammatory response has been regarded as 
an independent prognostic factor in patients with malig-
nancy. Neutrophils can facilitate tumour proliferation, 
invasion, and distant metastasis by secreting factors that 
promote tumour growth13. In contrast, lymphocytes, 
particularly cytotoxic T cells, play a crucial role in the 
antitumour immune response by promoting apoptosis 
and suppressing tumour growth14. Accordingly, the  
neutrophil–lymphocyte ratio (nlr), a cost-effective 
and simple inf lammatory parameter, might correlate 
bot h w it h pat ient outcome a nd w it h response to 
chemo therapy15. An elevated nlr has been described 
to correlate with poor outcome in a variety of cancers, 
including breast cancer16–19.

In the present study, we assessed the clinical value 
of the nlr in patients with tnbc who underwent nac. We 
evaluated whether the nlr can be a predictor for pcr and a 
prognosticator for recurrence in patients with tnbc.

METHODS

Study Cohort
Patients with tnbc who underwent nac and subsequent 
breast surgery from October 2004 to August 2012 at 
Seoul National University Bundang Hospital were iden-
tified. Exclusion criteria included previous treatment 
for contralateral breast cancer, distant metastasis at 
initial diagnosis, and a diagnosis of ductal carcinoma 
in situ. Figure 1 summarizes the identification of the 
study population. Clinicopathologic characteristics (age, 
menstrual status, histologic type, clinical stage before 
initiation of nac, histologic grade, chemotherapy regi-
men, nlr, and molecular biomarkers including er, pgr, 
her2, Ki-67, p53, and epidermal growth factor receptor) 
were extracted from electronic medical records. The 
study protocol was approved by the Institutional Review 
Board at Seoul National University Bundang Hospital 
(B-1602/334-109). For this type of study, formal patient 
consent is not required.

NAC and Response Assessment
The nac regimen consisted of 3–4 cycles of doxorubicin 
(60 mg/m2) and cyclophosphamide (600 mg/m2), followed 
by 2–4 cycles of docetaxel (75 mg/m2). Some patients re-
ceived doxorubicin (50 mg/m2 or 60 mg/m2) plus docetaxel 
(75 mg/m2) or doxorubicin (50 mg/m2 or 60 mg/m2) plus 
cyclophosphamide (600 mg/m2) by intravenous infusion 
every 3 weeks for 2–6 cycles.

After completion of nac, pathologic response was eval-
uated by microscopic examination of resected specimens. 
A pcr was defined as an absence of invasive tumour in the 
breast and nodes. Patients with residual ductal carcinoma 
in situ were also considered to have achieved a pcr.

Immunohistochemical Analysis and NLR
Expression by immunohistochemistry of er, pgr, her2, 
and Ki-67 was analyzed. Tumours with fewer than 10% 
stained cells were considered to be negative for er and pgr. 
Immunohistochemistry results of 0 or 1+ were considered 
negative for her2; 3+ was considered positive. A result of 
2+ was considered equivocal and had to be confirmed by 
fluorescence or silver in situ hybridization. A Ki-67 value 
of 15% or greater was considered positive.

Blood samples were examined before the initiation 
of nac. The nlr was defined as the number of neutrophils 
divided by the number of lymphocytes from the complete 
blood count. A receiver operating characteristic curve 
analysis was performed to determine the optimal cut-off 
value for the nlr. An nlr value of 1.7, which represented 
the highest sum for sensitivity and specificity, was used 
as the cut-off value to discriminate between high and low 
nlr in our analysis.

Statistical Analysis
The statistical analysis was performed using the SPSS sta-
tistical software application (version 21.0: IBM, Armonk, 
NY, U.S.A.). We evaluated correlations between clinico-
pathologic variables, including biomarkers and the nlr, 
and the response to nac was assessed using the chi-square 

FIGURE 1 Study population selection. TNBC = triple-negative breast 
cancer.
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and Fisher exact tests. A binary logistic regression model 
was used for a multiple analysis of pcr. The Firth penal-
ized likelihood approach was used to reduce small-sample 
bias. Odds ratios estimated from logistic regression were 
reported with corresponding 95% confidence intervals. The 
Kaplan–Meier method and log-rank test were performed 
to evaluate and compare recurrence-free survival (rfs) 
by nlr and response to nac. A p value less than 0.05 was 
considered statistically significant.

RESULTS

The 87 patients eligible for the study had a mean age at 
the time of treatment of 45.8 years, and their median fol-
low-up was 57 months. The pre-nac clinical T stage was 
T0–2 in 64 patients (73.6%) and T3–4 in 23 patients (26.4%). 
One case was classified as cT0 (occult breast cancer with  
biopsy-proven axillary metastasis). In 71 patients (81.6%), 
lymph node involvement was clinically detected or metas-
tasis was assumed on pathology assessment of fine-needle 
aspiration specimens. Table i shows the baseline charac-
teristics of the study patients.

After completion of nac, pcr was observed in 25 pa-
tients (28.7%), including in 1 patient with residual ductal 
carcinoma in situ. Table ii summarizes the baseline char-
acteristics of the 87 patients by experience of pcr. The nlr 
and expression of Ki-67 were significantly different in the 
pcr and non-pcr groups. Compared with patients having a 
low Ki-67 index, those with a high Ki-67 index experienced 
a higher pcr rate after nac (35.7% vs. 0%, p = 0.002). The 
mean nlr was 2.18 (range: 0.74–7.91), with 38 patients (44%) 
being classified into the low nlr group (≤1.7), and 49 (56%), 
into the high nlr group (>1.7). Compared with the high nlr 
group, the low nlr group had a significantly higher rate of 
pcr (42.1% vs. 18.4%, p = 0.018). In multiple logistic analysis, 
a low nlr remained the only significant predictive factor 
for pcr (odds ratio: 4.274; p = 0.008; Table iii).

In the survival analysis, the rfs rate was significantly 
better for patients with a low nlr than for those with a high 
nlr: the 5-year rfs rate was 83.7% in the low nlr group and 
66.9% in the high nlr group [p = 0.016, Figure 2(A)]. Mean 
survival duration was 109.2 months in the low nlr group 
and 97.4 months in the high nlr group. As expected, the 
rfs rate was also significantly different between the pcr 
and non-pcr groups. Compared with patients who did not 
experience a pcr, those who did had a significantly better 
5-year rfs [90% vs. 67.5%, p = 0.012, Figure 2(B)].

DISCUSSION

In patients with breast cancer, the degree of response to 
nac is regarded as a prognostic marker. Earlier studies 
into nac demonstrated improved pcr rates in patients with 
tnbc than in those with other breast cancer subtypes, and 
an excellent prognosis for those who achieve a pcr9,20,21. 
Meanwhile, compared with patients having other breast 
cancer subtypes, those with tnbc who do not reach a pcr 
after nac experience particularly poor survival. With regard 
to patient outcome and therapeutic strategy, it is import-
ant to investigate predictive markers for efficacy of nac in 
patients with tnbc.

TABLE I Characteristics of 87 patients with triple-negative breast 
cancer

Variable Value

Mean age (years) 45.8±11.2

Age group [n (%)]

≤50 Years 63 (72.4)

>50 Years 24 (27.6)

Menopausal status [n (%)]

Pre-menopause 57 (65.5)

Post-menopause 24 (27.6)

Unknown 6 (6.9)

Histology [n (%)]

Invasive ductal carcinoma 79 (90.8)

Others 8 (9.2)

T Stage before NAC [n (%)]

cT0–2 64 (73.6)

cT3–4 23 (26.4)

Nodal status before NAC [n (%)]

Negative 16 (18.4)

Positive 71 (81.6)

Grade [n (%)]

1/2 27 (31.0)

3 58 (66.7)

Unknown 2 (2.3)

Ki-67 status [n (%)]

<15% 17 (19.5)

≥15% 70 (80.5)

TP53 [n (%)]

Negative 44 (50.6)

Positive 43 (49.4)

EGFR status [n (%)]

Negative 24 (27.6)

Positive 41 (47.1)

Unknown 22 (25.3)

HER2 status

– or 1+ 24 (27.6)

2+ 63 (72.4)

Neutrophil–lymphocyte ratio [n (%)]

≤1.7 38 (43.7)

>1.7 49 (56.3)

NAC regimen [n (%)]

AC 26 (29.9)

DA 25 (28.7)

AC→T 36 (41.4)

pCR with NAC [n (%)]

Yes 25 (28.7)

No 62 (71.3)

NAC = neoadjuvant chemotherapy; EGFR = epidermal growth 
factor receptor; HER2 = human epidermal growth factor receptor 2;  
AC = doxorubicin–cyclophosphamide; DA = docetaxel–doxorubicin; 
T = paclitaxel; pCR = pathologic complete response.
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In the present study, we assessed 87 patients with tnbc 
who underwent nac and found that the pre-nac nlr pre-
dicted response to nac and disease recurrence. Moreover, 
compared with patients having a high pre-nac nlr, those 
having a low pre-nac nlr experienced a significantly higher 
rate of pcr and better rfs.

Recent studies have reported a correlation between 
systemic inflammation and cancer, suggesting that the 
immune response is crucial for cancer growth, progression, 
and treatment resistance, and that it is even associated with 

TABLE II Correlations between response to neoadjuvant chemo-
therapy and clinicopathologic parameters

Variable Achieved pCR p
Value

Yes No

Patients (n) 25 62

Age group [n (%)] 0.956

≤50 Years 18 (28.6) 45 (71.4)

>50 Years 7 (29.2) 17 (70.8)

Histology [n (%)] 0.099

Invasive ductal carcinoma 25 (31.6) 54 (68.4)

Others 0 (0) 8 (100)

T Stage before NAC [n (%)] 0.743

cT0–2 19 (29.7) 45 (70.3)

cT3–4 6 (26.1) 17 (73.9)

Nodal status before NAC [n (%)] 0.541

Negative 3 (18.8) 13 (81.2)

Positive 22 (31) 49 (69)

Grade [n (%)] 0.061

1/2 4 (14.8) 23 (85.2)

3 20 (34.5) 38 (65.5)

Unknown 1 (50) 1 (50)

Ki-67 status [n (%)] 0.002

<15% 0 (0) 17 (100)

≥15% 25 (35.7) 45 (64.3)

TP53 status [n (%)] 0.520

Negative 14 (31.8) 30 (68.2)

Positive 11 (25.6) 32 (74.4)

EGFR status [n (%)] 0.368

Negative 9 (37.5) 15 (62.5)

Positive 11 (26.8) 30 (73.2)

Unknown 5 (22.7) 17 (77.3)

HER2 status [n (%)] 0.635

– or 1+ 6 (25) 18 (75)

2+ 19 (30.2) 44 (69.8)

Neutrophil–lymphocyte ratio [n (%)] 0.018

≤1.7 16 (42.1) 22 (57.9)

>1.7 9 (18.4) 40 (81.6)

pCR = pathologic complete response; NAC = neoadjuvant chemotherapy; 
EGFR = epidermal growth factor receptor; HER2 = human epidermal 
growth factor receptor.

TABLE III Multivariate logistic analysis of factors affecting pathologic 
complete response to neoadjuvant chemotherapy in triple-negative 
breast cancer

Variable OR 95% CI p Value

Histology (IDC vs. others) 5.405 0.191 to 142.857 0.322

Grade (3 vs. 1/2) 1.816 0.445 to 7.413 0.406

Ki-67 (>15% vs. ≤15%) 12.748 0.621 to 261.550 0.099

NLR (≤1.7 vs. >1.7) 4.274 1.451 to 12.658 0.008

OR = odds ratio; CI = confidence interval; IDC = invasive ductal 
carcinoma; NLR = neutrophil–lymphocyte ratio.

FIGURE 2 Recurrence-free survival by (A) neutrophil–lymphocyte 
ratio (NLR) and by (B) pathologic complete response (pCR). NAC = 
neoadjuvant chemotherapy.
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relapse and metastasis22,23. Several studies have suggest-
ed that, compared with other subtypes of breast cancer, 
tnbc might be more strongly affected by inflammatory 
cells. Matsumoto et al.24 demonstrated that inflamma-
tory cells are related to sensitivity to chemotherapy and 
prognosis in patients with tnbc, and Loi25 found that the 
immune response positively affected progression-free 
survival, therapy response, and overall survival, especially 
in patients with tnbc. Retsky et al.26 demonstrated that 
perioperative use of the nonsteroidal anti-inflammatory 
drug ketorolac suppresses early breast cancer relapse, 
especially in patients with tnbc. Ono et al.27 reported that 
levels of tumour-infiltrating lymphocytes are significantly 
higher in patients with tnbc and that high levels of tumour 
infiltrating lymphocytes are related to improved survival 
and pcr in the neoadjuvant setting.

Since the early 2000s, various systemic inflammatory 
markers have been examined for their potential to predict 
response to therapy and patient outcome in cancer. The 
nlr is an available systemic inflammatory marker, and it 
can be calculated from the complete blood count that is 
routinely assessed in cancer patients28. The prognostic 
value of the nlr has been examined in various cancers—
esophageal, gastric, colorectal, hepatic, pancreatic, pul-
monary, urologic, and gynecologic28–31. In those studies, 
a high nlr was associated with poor survival probability. 
In breast cancer, the role of the nlr as a prognosticator 
has been evaluated in various settings17,19,32,33. Azab et 
al.17 were the first to report that the nlr is an independent 
predictor for both short- and long-term mortality, with 
a higher nlr being associated with worse outcomes. In 
their analysis, patients were divided into four quartiles, 
and compared with the patients having the lowest nlr 
(<1.8), those with the highest nlr (>3.3) experienced 
higher 1-year and 5-year mortality rates. Noh et al.19 also 
demonstrated that, compared with breast cancer patients 
having a lower nlr (<2.5), patients with higher nlr (≥2.5) 
experienced poorer disease-specific survival—a result 
that was most evident for the luminal A subtype.

The mechanisms of the relationship between the 
nlr and prognosis in cancer patients are not yet well 
understood. Neutrophils are effector cells involved in 
innate and adaptive immunity; they play an important 
role in the pathogenesis of various diseases, including 
inflammation and cancer. Neutrophils are known to be 
related to pro-tumour activity, such as promoting tumour 
cell proliferation, producing proangiogenic factors, and 
enhancing neoplastic cell invasiveness34–36. Neutrophilia, 
often observed in cancer, might be caused by cancer-related 
cytokines such as interleukin 6 and tumour necrosis fac-
tor α37,38. Furthermore, neutrophilia inhibits the cytotoxic 
activity of lymphocytes such as T cells and natural killer 
cells and therefore counteracts the antitumour immune 
response39,40. On the other hand, the lymphocyte response 
is an important component of immune surveillance and 
control of progression in cancer41. The importance of 
lymphocytes in mounting an antitumour response has 
been emphasized in several studies, in which the presence 
of lymphocytes in tumours was implicated in the killing 
of tumour cells and increased chemoresponsiveness and 
better outcome14. By contrast, lymphocytopenia and low 

intratumoural T lymphocytic activity indicate impairment 
in the cell-mediated immune system—conditions that 
correlate with tumour progression and poorer outcome42.

Although several studies have shown a correlation 
between the nlr and patient outcome in breast cancer, 
few studies have assessed the relationship between the 
nlr and outcome after nac. Recently, Asano et al.43 evalu-
ated 177 patients with breast cancer who received nac and 
subsequent surgery, reporting that, compared with the 
high nlr group, the lower nlr group (<3) experienced a 
higher pcr rate (p < 0.001). Their study included 61 patients 
with tnbc, and 72.2% of the tnbc patients with a low nlr 
(26 of 36) experienced a pcr after nac. In contrast to our 
study and previous reports, no difference in survival was 
observed between the low- and high-nlr groups, whether 
those groups encompassed all patients and only those with 
tnbc. However, among the tnbc patients who achieved a 
pcr in our study, disease-free survival and overall survival 
were significantly longer for the low-nlr group than for 
the high-nlr group (p = 0.006 and p < 0.001 respectively).

As previously described, the correlation between 
outcome after nac and patient survival is strongest in pa-
tients with tnbc, and it has been suggested that, compared 
with other breast cancer subtypes, tnbc is more strongly 
affected by systemic inflammation. Furthermore, nac is 
much more frequently administered to patients with tnbc 
than to those with the luminal subtypes of breast cancer. 
For those reasons, we focused on tnbc rather than on the 
other subtypes, and we tried to identify whether the nlr 
could be not only a predictive marker of pcr to nac but 
also a prognostic marker of disease recurrence. We also 
evaluated prognosis by achievement of pcr to determine 
whether pcr was acting as a prognostic factor in our cohort, 
as is already known. As expected, our study showed that 
the pre-nac nlr is an independent predictor of pcr to nac 
and a prognostic marker of outcome in patients with tnbc. 
Our result could be very useful in clinical practice, because 
the nlr can be obtained without difficulty—and without 
additional examination or cost—from the complete blood 
count that is routinely performed in cancer patients.

In general, an nlr value of 3 is considered the optimal 
threshold for survival. However, after a receiver operating 
characteristic curve analysis, our study defined a high 
nlr as 1.7 or greater, because 1.7 was the cut-off providing 
the best predictive value for pcr. It is thought that the nlr 
might have different optimal cut-offs depending on the 
ethnic group and the endpoint being considered. Patients of 
Asian ethnicity, compared with white patients, are reported 
to have lower neutrophil counts and higher lymphocyte 
counts44. Additionally, although survival (disease-free or 
overall) has been used in other studies, our study used pcr 
to nac as the endpoint to evaluate the predictive value of 
the nlr, which could have contributed to the lower optimal 
nlr value established here. As in the present study, many 
other studies have reported that the nlr might have prog-
nostic value in breast cancer. However, the role of the nlr 
as a predictive and prognostic marker has not always been 
clear. Several studies reported no association between the 
nlr and prognosis45,46. However, those negative reports 
included many patients with er-positive breast cancers 
(approximately 50%) known to be insusceptible to nac. 
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The composition of the patient cohorts might have been re-
sponsible for the negative results obtained in those studies.

Our study has some limitations. It is a retrospective 
single-centre analysis with a small sample size. Further-
more, the nlr can be influenced by certain conditions 
(infection, and hepatic or renal dysfunction) and lifestyle 
habits (smoking and alcohol consumption). Most of our 
patients did not have those conditions, and we did not 
consider those conditions in the analysis.

Chemoresistance is a crucial clinical issue in the 
treatment of tnbc. For successful chemotherapy, markers 
to more specifically predict response and to help in the 
selection of patients likely to respond to chemotherapy have 
to be investigated. Furthermore, it is important to develop 
novel targeted agents that will enhance chemosensitivity 
in selected patients. Our study suggests that the relation-
ship between inflammation and chemoresistance could be 
exploited, allowing the pre-nac nlr to be used as a factor 
predictive of chemoresistance and a new therapeutic target 
for improving chemosensitivity in selected patients. In 
rectal cancer, the administration of aspirin during preop-
erative chemoradiation was demonstrated to be associated 
with a higher rate of tumour downstaging, good patho-
logic response, and higher rate of pcr47. Determination of 
the mechanism by which systemic inflammation affects  
chemoresponsiveness will help in the selection of patients 
who will be most likely to benefit from nac.

CONCLUSIONS

Our finding that the pre-nac nlr is a predictor of pcr to nac 
and a prognosticator of recurrence suggests an association 
between response to chemotherapy and the patient’s in-
flammatory status. The preoperative nlr can be a useful 
predictive and prognostic marker in tnbc patients who 
undergo nac. Further prospective studies are warranted 
to support our results and to confirm the role of the nlr in 
patients with tnbc who require nac.
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