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Abstract
Background: The impact of the neutrophil–lymphocyte ratio (NLR) on the survival outcomes of patients
with early-stage breast cancer is controversial.

Methods: We reviewed a series of 115 breast cancer patients who received neoadjuvant chemotherapy
followed by surgical treatment. The NLR was calculated using a blood sample obtained before
neoadjuvant chemotherapy. The relationships of disease-free survival with the NLR as well as other
clinicopathological factors were assessed.

Results: There was no signi�cant association between the NLR and disease-free survival in these
patients. On the other hand, negative estrogen receptor and progesterone receptor statuses, extended
nodal involvement, and advanced TNM stage were signi�cant predictors of shorter disease-free survival.

Conclusions: The NLR has little impact on the survival of early-stage breast cancer patients treated with
neoadjuvant chemotherapy followed by surgical treatment.

1. Background
Breast cancer is the fourth leading cause of cancer-related death worldwide, and approximately 600,000
people were estimated to have died from breast cancer in 2018 [1]. Decreasing this mortality rate is
mandatory. Recent advances in adjuvant chemotherapy have improved the survival outcomes of patients
with early-stage breast cancer [2]. However, adjuvant chemotherapy potentially causes fatal adverse
effects [3]. Accordingly, the patients appropriate for this treatment should be selected properly. When
assessing the indications for adjuvant chemotherapy, the expression status of speci�c biomarkers such
as the estrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2) is evaluated initially.
Next, the nodal status and expression status of speci�c genes in cancer tissues, such as those assessed
by the 21-gene recurrence score assay [4], are determined. Other indicators include tumor size,
progesterone receptor (PgR) status, ki67 expression, and the nuclear grade. To identify patients with early-
stage breast cancer who are most suitable for adjuvant chemotherapy, better risk factors for breast
cancer mortality are needed.

The neutrophil–lymphocyte ratio (NLR) is a prognostic marker, the utility of which has been evaluated
previously [5–7]. The NLR is believed to re�ect the immunological status of patients. The advantage of
this marker is that it is relatively easy to determine via blood tests. Although some studies have reported
that the NLR is a useful prognostic factor [8–12], the value of this marker in early-stage breast cancer is
controversial [13].

Here, we evaluated whether the NLR is a useful prognostic factor for early-stage breast cancer. We
examined the relationship between the NLR and disease-free survival among early-stage breast cancer
patients who received neoadjuvant chemotherapy in our institution.
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2. Methods
We searched our department database for early-stage breast cancer patients who received neoadjuvant
chemotherapy between May 2014 and August 2018. The medical charts of these patients were reviewed,
and the following data were obtained: age, clinical stage, pathological data, blood laboratory data
including the NLR, the surgical and postoperative treatments received, and survival time. The survival
status of the patients was updated in September 2020.

The continuous data were analyzed by Student’s t test or, if the data did not follow a normal distribution,
the Mann–Whitney U test. The categorical data were analyzed by Fisher’s exact test. Disease-free survival
rates were calculated using the Kaplan–Meier method and compared using the log rank test. Cox
proportional hazards models were used to evaluate the association of disease-free survival with the NLR,
compared with other known prognostic factors. A P value < 0.05 was considered signi�cant. All statistical
analyses were performed using the statistical package R v4.0.3 (R Foundation for Statistical Computing,
Vienna, Austria; ISBN 3-900051-07-0; http://www.R-project.org).

3. Results
Between May 2014 and August 2018, 1,110 breast cancer patients underwent surgical treatment at our
institution, of whom 115 (10.4%) received neoadjuvant chemotherapy. The median follow-up period was
39 months (range: 8–75 months). During the follow-up period, 25 cases of recurrence occurred.

The clinicopathological characteristics of the 115 patients according to the development of recurrence
are summarized in Table 1. The median age was 55 years. Only 3% of tumors had a histology other than
invasive ductal carcinoma. Regarding the TNM stage, advanced nodal status and stage were more
common in the recurrence group compared with the recurrence-free group. ER and PgR expression was
positive in 70% and 61% of the 115 patients, respectively. There were more cases of ER- and PgR-positive
cancer in the recurrence-free group than recurrence group. The two groups did not differ signi�cantly in
the distributions of HER2 positivity, ki67 expression, or the primary systemic chemotherapy regimen
received. More patients in the recurrence-free group received breast conserving surgery compared with
those in the recurrence group. The frequencies of the postoperative treatments received, including surgery,
chemotherapy, trastuzumab, and hormonal therapy, were signi�cantly different between the groups.
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Table 1
Clinicopathological characteristics of 115 breast cancer patients who received neoadjuvant

chemotherapy

  All patients (n = 
115)

Recurrence-free group
(n = 90)

Recurrence group (n 
= 25)

P value

Median age: years (range) P = 
0.72

  55 (32–87) 55 (40–87) 56 (32–76)  

Histology: n (%) P = 1.0

  IDC 111 (97%) 87 (97%) 24 (96%)  

  Other 4 (3%) 3 (3%) 1 (4%)  

Tumor stage: n (%) P = 
0.10

  T1 10 (9%) 8 (9%) 2 (8%)  

  T2 85 (74%) 70 (78%) 15 (60%)  

  T3 10 (9%) 7 (8%) 3 (12%)  

  T4 10 (9%) 5 (6%) 5 (20%)  

Nodal status: n (%) P = 
0.01

  N0 23 (20%) 20 (22%) 3 (12%)  

  N1 71 (62%) 56 (62%) 15 (60%)  

  N2A 9 (8%) 9 (10%) 0 (0%)  

  N2B 1 (1%) 0 (0%) 1 (4%)  

  N3A 3 (3%) 1 (1%) 2 (8%)  

  N3C 8 (7%) 4 (4%) 4 (16%)  

Stage: n (%) P = 
0.10

  1 1 (1%) 1 (1%) 0 (0%)  

  2A 25 (22%) 20 (22%) 5 (20%)  

  2B 56 (49%) 47 (52%) 9 (36%)  

  3A 13 (11%) 11 (12%) 2 (8%)  

  3B 9 (8%) 6 (7%) 3 (12%)  

ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2



Page 5/12

  All patients (n = 
115)

Recurrence-free group
(n = 90)

Recurrence group (n 
= 25)

P value

  3C 11 (10%) 5 (6%) 6 (24%)  

ER status: n (%) P = 
0.01

  + 81 (70%) 68 (76%) 13 (52%)  

  − 34 (30%) 22 (24%) 12 (48%)  

PgR status: n (%) P = 
0.01

  + 70 (61%) 60 (67%) 10 (40%)  

  − 45 (39%) 30 (33%) 15 (60%)  

HER2 status: n (%) P = 1.0

  + 37 (32%) 29 (32%) 8 (32%)  

  − 78 (68%) 61 (68%) 17 (68%)  

Ki67 score: n (%) P = 
0.57

  < 14 22 (19%) 16 (18%) 6 (24%)  

  ≥ 14 92 (81%) 73 (82%) 19 (76%)  

Neoadjuvant chemotherapy: n (%) P = 1.0

  Anthra/taxane 101 (88%) 79 (88%) 22 (88%)  

  Other 14 (12%) 11 (12%) 3 (12%)  

Surgery: n (%) P = 
0.045

  Lumpectomy 34 (30%) 31 (34%) 3 (12%)  

  Mastectomy 81 (70%) 59 (66%) 22 (88%)  

Postoperative chemotherapy: n (%) P < 
0.001

  Yes 7 (6%) 1 (1%) 6 (24%)  

  No 108 (94%) 89 (99%) 19 (76%)  

Postoperative trastuzumab: n (%) P = 
0.034

ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2
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  All patients (n = 
115)

Recurrence-free group
(n = 90)

Recurrence group (n 
= 25)

P value

  Yes 13 (11%) 7 (8%) 6 (24%)  

  No 102 (89%) 83 (92%) 19 (76%)  

Postoperative hormones: n (%) P = 
0.013

  Yes 80 (70%) 68 (75%) 12 (48%)  

  No 35 (30%) 22 (25%) 13 (52%)  

ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2

The association between the NLR and disease-free survival is shown in Fig. 1. There was no relationship
between the NLR and disease-free survival time. We then strati�ed the patients according to a NLR cutoff
of 2.5, which was selected based on previous studies [11, 14]. The disease-free survival curves,
determined by the Kaplan–Meier method, did not differ signi�cantly according to this NLR cutoff (Fig. 2).
This lack of an association remained when a NLR cutoff of 2.0 or 3.0 was used (data not shown).

A Cox proportional hazards model was used to identify prognostic factors signi�cantly associated with
disease-free survival (Table 2). We assessed the NLR, disease stage, and ER status as variables; other
factors including nodal status, PgR status, and surgical and postoperative treatments received were
excluded from the analysis to avoid multicollinearity. The results indicated that the NLR was not
associated with disease-free survival (hazard ratio [HR], 0.84; 95% con�dence interval [CI], 0.65–1.09; P = 
0.19). On the other hand, advanced stage (IIIB–IIIC; HR, 3.11; 95% CI, 1.35–7.2; P < 0.01) and a negative
ER status (HR, 2.76; 95% CI, 1.23–6.22; P = 0.01) were associated with shorter disease-free survival.
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Table 2
Cox proportional hazards model of prognostic factors associated with disease-free survival

  HR (95% CI) P value

ER status   P = 0.01

+ 1  

− 2.76 (1.23–6.22)  

Stage   P < 0.01

I–IIIA 1  

IIIB–IIIC 3.11 (1.35–7.20)  

NLR   P = 0.18

NLR 0.83 (0.64–1.09)  

HR, hazard ratio; CI, con�dence interval; ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2

4. Discussion
We determined that the NLR has little value as a prognostic factor for early-stage breast cancer, based on
the �nding of no signi�cant relationship between the NLR and disease-free survival among early-stage
breast cancer patients treated with neoadjuvant chemotherapy in our institution. On the other hand,
classical prognostic factors such as the ER status and TNM stage were signi�cantly associated with
disease-free survival.

In patients with metastatic breast cancer, the NLR is a potentially useful predictor of survival. Leucocytes
and lymphocytes play a key role in tumor progression via in�ammatory reactions [15]. For example, in a
mouse model, leucocytes promoted the metastasis of breast cancer cells to the lung [16]. Immune
checkpoint inhibitors, such as atezolizumab, have been used to regulate lymphocytes and prevent tumor
progression [17]. Therefore, the NLR and other in�ammatory markers may predict an increased risk of
cancer mortality in patients with advanced-stage breast cancer, as supported by the �ndings of a large-
scale registry study [18].

On the other hand, the value of the NLR as a predictor of survival is controversial in early-stage breast
cancer patients. It is questionable whether the small amount of breast cancer at earlier stages affects the
systemic immune system. Some reports [9–12], including a meta-analysis [8], demonstrated that the NLR
is a signi�cant predictor of the prognosis of early-stage breast cancer patients. However, the possibility of
selection bias in those studies should be considered. It is likely that many studies that did not identify an
association between the NLR and prognosis did not report their negative �ndings. On the other hand, the
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�nding of such an association of the NLR, which is a relatively novel prognostic factor, is more likely to be
published.

Our study has several limitations. It was a retrospective study that evaluated a relatively small number of
patients and events. Therefore, our study failed to detect any potential small effect of the NLR on
survival. However, these limitations do not affect our conclusion.

Conclusions
We determined that the NLR has little value as a prognostic factor for early-stage breast cancer. The
impact of the NLR needs to be investigated in patients with locally advanced or metastatic breast cancer.
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Figure 1

A plot of the disease-free survival time versus the NLR of each patient. The solid and empty circles denote
the patients with and without recurrence, respectively. No signi�cant association between the NLR and
disease-free survival was found.
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Figure 2

Kaplan–Meier disease-free survival curves strati�ed by a NLR cutoff of 2.5. There was no signi�cant
difference in disease-free survival according to the NLR.


