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Abstract
Background Late recurrence accounts for nearly half of the recurrences in estrogen receptor (ER)-positive breast cancer and 
decreases post-recurrence survival in patients with ER-negative breast cancer. Clinicopathological factors and multigene 
assays have been used for various purposes but their prognostic capacity for late recurrence was limited. This study aimed 
to determine whether neutrophil to lymphocyte ratio (NLR) taken after primary treatment can be a feasible prognostic factor 
for late recurrence.
Methods Patients who were diagnosed with primary breast cancer and completed planned treatment were enrolled; data 
were retrospectively collected from the Wonju Severance Hospital database of Yonsei University.
Results 496 patients completed planned treatment for their primary breast cancer. 385 were disease free after 5 years of the 
primary diagnosis and 330 were enrolled for second-look NLR analysis. NLR analysis performed approximately 5 years after 
the primary diagnosis categorized patients into high and low risk of late recurrence with p < 0.001 and an elevated NLR was 
found as an independent risk factor for late recurrence (HR 1.448, CI 1.168–1.795, p < 0.001).
Conclusion A clinically valid biomarker to determine late recurrence is urgently needed to prevent patients from treatment 
extension with little benefit. Elevated NLR is found as an independent prognostic factor for late recurrence and could be 
utilized as a reliable, easily accessible, and cost-effective test.
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Introduction

Late recurrence, occurring after ≥ 5 years of primary diag-
nosis, accounts for nearly half of recurrence in estrogen 
receptor (ER)-positive breast cancer, although adjuvant 
chemotherapy and endocrine therapy for early breast cancer 

considerably affect outcomes [1–3]. Moreover, the risk of 
late recurrence and death never declined to 0, with relatively 
consistent rates ranging from 0.5 to 3% per year over the 
succeeding 5–10 years and even persisted for decades [2, 
4, 5]. Patients with ER-negative breast cancer also expe-
rience decreased post-recurrence survival once they have 
late recurrent disease, although the number of patients who 
experience late recurrence is limited [6]. These findings, par-
ticularly in endocrine-positive breast cancer, had resulted in 
extended endocrine therapy beyond the 5-year initial treat-
ment to determine prolonged disease-free and overall sur-
vival [7]. However, identifying patients who are at a risk for 
late recurrences is crucial, because extension of medical care 
beyond 5 years requires tactful approach [8, 9]. For example, 
extended hormonal treatment for patients with ER-positive 
breast cancer can also cause side effects, from life-threat-
ening one to non-lethal but bothersome symptoms [8, 9]. 
Patients with breast cancer without ER should also be moni-
tored for late recurrences because although late recurrence 
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is uncommon, the risk remains even after decades, like in 
ER-positive disease [2, 5, 6, 10].

Clinicopathological factors, such as tumor size, nodal 
metastasis, and tumor grade, have been used as prognos-
tic factors for breast cancer, including late recurrence [11]. 
However, these factors alone have been known to predict 
late recurrence inadequately, and one example is a recently 
reported overview analysis on > 60,000 disease-free women 
after 5 years of adjuvant endocrine therapy, showing that 
even patients with T1N0 disease still had 10–17% estimated 
risk of distant recurrence according to the histologic grade 
between 5 and 20 years [1]. Multigene expression profiles 
enhanced the prognostic or predictive power of clinicopatho-
logical characteristics, and late recurrence is also one of the 
areas in which multigene expression profiles could be inte-
grated for better prediction [12, 13]. Although some stud-
ies have reported that clinicopathological parameters have 
a better predictive power than multigene expression assays, 
some have shown the opposite; however, neither clinico-
pathological factors nor multigene expression profiling has 
yielded optimum prediction of late recurrence, unless appro-
priately combined, which requires other factors to enhance 
the known prognostic factors [11, 13–15].

There is growing body of evidence indicating that bio-
markers obtained after planned treatment such as preopera-
tive systemic treatment can be used as prognostic indicator 
and complete remission after systemic treatment is one of 
the examples of how a biomarker can be developed using 
specimen obtained after treatment for individual patients 
[16].

Increased neutrophil to lymphocyte ratio (NLR) is 
reported as an independent predictor of survival in patients 
with breast cancer, and several recent studies have reported 
the predictive role of NLR in the prognosis of patients with 
breast cancers [17]. NLR from complete blood count, most 
commonly performed blood test to monitor patients’ general 
health and to screen for a variety of disorders, can be utilized 
as a biomarker reflecting status after treatment [18].

This study primarily aimed to determine whether NLR 
obtained after completion of primary treatment and 5-year 
follow-up can predict late recurrence in patients without evi-
dence of breast cancer after 5 years of the primary diagnosis.

Materials and methods

Study cohort

A retrospective cohort was designed with female patients 
who were diagnosed with primary breast cancer from 2000 
to 2010 and completed all phases of treatment at a single 
institute, Wonju Severance Hospital, Yonsei University, 
after obtaining approval from the institutional review board 

(YWMR-13-5-039). Patients who achieved 5-year disease-
free survival from this “initial cohort” were included in the 
second cohort. All records were codified under the IRB 
data monitoring body and kept by a neutral person who was 
blinded from this study’s analysis (IC). Survival analysis was 
based on two databases, one from Wonju Severance Hospital 
and the other from Korean National Cancer Registry.

Inclusion and exclusion

Patients with primary invasive breast cancer were included. 
Patients with incomplete data, known stage IV disease, sys-
temic autoimmune disease, such as systemic lupus erythe-
matous or sclerodermatitis, were excluded from the initial 
NLR cohort. Patients with pregnancy-related breast cancer 
were also excluded. For the second cohort, patients who had 
insufficient data, took hormonal treatment more than 5 years 
or were not qualified as disease-free survival at 5 years after 
diagnosis were excluded. Disease-free survival 5-year after 
diagnosis was determined mainly based on radiologic stud-
ies. Patients who experience disease recurrence or death 
from any cause within 6 months before or after second look 
were also excluded.

Collection of data: clinicopathologic, laboratory 
and survival data

From the initial NLR cohort, data on the subjects’ medical 
history; age; pathologic results, such as tumor size, lymph 
node status, hormonal receptor status, and human epider-
mal growth factor receptor 2 (HER2) status; and laboratory 
data, including complete blood cell count with proportion 
of white blood cell count, were collected. For the second 
cohort, another complete blood cell count with proportion 
of white blood cell count between 4.0 and 6.0 years was col-
lected and used for the second-look NLR. ER and progester-
one receptor(PR) states were assessed through immunohisto-
chemistry (IHC) stain and defined as positive when > 10% of 
tumor cells were stained according to the previous definition 
of positivity. HER2 status was assessed using IHC staining 
and defined positive if the score was 3. Fluorescent in situ 
hybridization was selectively performed when IHC stain-
ing score was 2, with the cutoff value being 2.2 times more 
signal than that of CEP17. NLR was calculated as neutrophil 
count divided by lymphocyte count. The cutoff value was 
defined by receiver operating characteristics (ROC) curve 
and Youden’s index.

Statistical analysis

Late recurrence was defined as any breast cancer-related 
event 5 years after completion of planned treatment, includ-
ing local, regional, contralateral and distant recurrence and 
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death from breast cancer, and any non-breast cancer-related 
death was censored. 5 years or 60 months was used to 
determine whether the recurrence was early or late. Over-
all recurrence defined as any recurrence detected at either 
earlier or later than 5-year time point and included local, 
regional, contralateral and distant recurrence, regardless of 
any non-breast cancer-related malignant disease or death. 
Chi squared or Fisher’s exact tests were used for categorical 
variables and Students t test was for continuous variables. 
The cutoff value was defined by receiver operating char-
acteristics (ROC) curve and Youden’s index. The survival 
curves were calculated using the Kaplan–Meier method with 
the log-rank test and Cox proportional hazards model was 
used for multivariable analysis. All statistical tests were two 
sided and a p value of < 0.05 was considered statistically 
significant, using SPSS 23.0 (IBM Corp., Armonk, USA).

Results

Study cohort

Among the 496 patients who were diagnosed with breast 
cancer and completed primary treatment, 471 were included 
for initial NLR (Fig. 1). 25 patients were excluded from the 
analysis with various reasons as follows: three patients with 
past history of systemic disease such as systemic lupus ery-
thematous (n = 2) or sclerodermatitis (n = 1), two patients 
with pregnancy-related breast cancer, ten patients with sec-
ond malignancy within 5 years, five patients with only ER 
records as their follow-up, and five patients with insufficient 
data. 86 of the 471 patients (18.3%) experienced early recur-
rences. A total of 385 patients were reported as breast cancer 
free at the 5-year follow-up; 330 of them were enrolled into 
the second cohort after excluding 55 patients. 41 patients 
(85%) returned to their primary physician and three patients 
have only tentative diagnosis with no further studies: cer-
ebrovascular disease (n = 2) and mandible necrosis (n = 1) 
were the suspected diseases. Two patients had insufficient 
data to support disease-free survival at 5 years after diagno-
sis (Supplementary Fig. 1) and five patients underwent hor-
monal treatment more than 5 years (Supplementary Table 1). 
Four patients were missing from any database. Survival data 
for these 55 patients were available from the National Cancer 
Registry with only one mortality which was also excluded 
from this study. Clinicopathological data of each cohort are 
presented in Table 1. Among the 330 patients enrolled in the 
second-look cohort, 21 (6.3%) experienced late recurrence.

Late recurrence in second‑look cohort

A total of 327 patients with subsequent NLR results had 
relevant disease-free survival after 4–6 years of primary 

diagnosis and, thus, were available for this study. Second 
look NLR was significantly correlated with risk of late 
recurrence. First, cut off value, 2.18 was derived from 
ROC curve with Youden index (Supplementary Fig. 2 
and Supplementary table 1) and patients were divided 
into two groups according to their second look NLR. 
Kaplan–Meier estimates of late recurrence of breast can-
cer showed patients with higher second look NLR had 
worse prognosis than patients with lower NLR (p = 0.001) 
(Fig. 2). Cox proportional hazard model indicated that 
synchronous axillary lymph node metastasis (HR 1.053; 
95% CI 1.002–1.114, p = 0.025) and second-look NLR 
(HR = 1.448; 95% CI 1.168–1.795, p < 0.001) were sta-
tistically significant risk factors (Table 2). Initial NLR, 
sampled ahead of any treatment either systemic or locore-
gional, was also tested, showing no significant contri-
bution to the risk of late recurrence (HR 0.400; 95% CI 
0.400–1.487, p = 0.171) (Table 2). When patients were 
divided into two groups, higher or lower NLR than 2.18, 
there were no significantly different clinicopathological 
characteristics except N stage (Table 3).

Fig. 1  Study profile. A total of 496 patients who were diagnosed with 
primary invasive breast cancer and completed the planned treatment 
were enrolled as the first cohort. Data of 471 patients were analyzed 
after excluding 25 patients who did not meet the eligibility criteria: 
past systemic disease history (n = 3), pregnancy-related breast can-
cer (n = 2), second malignancy within 5  years (n = 10), emergency 
room (ER) visiting as the only follow-up (n = 5) and insufficient data 
(n = 5). Among the 471 patients, 86 experienced early recurrence 
within 5  years, and the remaining 385 were disease free at 5  years 
after the primary diagnosis. A total of 337 patients were entered into 
the second cohort after excluding 55 patients with insufficient data 
for further analysis: return to their primary physician (n = 41), incom-
plete evidence of disease-free survival at 5-year diagnosis (n = 2), 
hormonal treatment more than 5  years (n = 5), emergency room 
records as the only follow-up data (n = 3), data missing (n = 4)
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Breast cancer‑free survival and initial NLR, 
difference between two NLR values from each 
cohort

The initial NLR was related to overall recurrences includ-
ing either early or late recurrence, and Kaplan–Meier 
method with log-rank test showed statistically significant 
poor survival with the cutoff value of 1.8 (Fig. 3a). Cox 
proportional hazard model indicated that tumor size, axil-
lary lymph node metastasis, and high NLR value of > 2.18 

were statistically significant risk factors for recurrences 
in general (Table 4). However, initial NLR was not differ-
ent either in early (2.3016 ± 1.12) or late (2.3909 ± 1.51) 
recurrence groups (p = 0.452), and the Kaplan–Meier 
curve did not show any survival difference (Fig. 3b, c). 
NLR difference between the two cohorts also produced fair 
but less powerful AUC than that of NLR at 5 years after 
diagnosis (0.765 vs. 0.850).

Table 1  Clinicopathological characteristics of patients of Cohort 1, 
the total patients retrieved as the baseline pool, and Cohort 2, patients 
without evidence of recurrent disease 5 years after the primary treat-
ment

ER estrogen receptor, PR progesterone receptor, HER2 human epider-
mal growth factor receptor 2

Cohort 1 (n = 471), 
n (%)

Cohort 2 (n = 330), 
n (%)

p value

Age
 < 45 176 (37.4) 127 (38.5) 0.484
 45–65 222 (47.1) 162 (49.1)
 > 65 73 (15.5) 41 (12.4)
 Total 471 (100) 330 (100)

T stage
 T1 205 (43.5) 162 (49.1) 0.214
 T2 221 (46.9) 143 (43.3)
 T3 37 (7.9) 18 (5.5)
 Unknown 8 (1.7) 7 (2.1)
 Total 471 (100) 330 (100)

N stage
 N0 291 (61.8) 220 (66.7) 0.484
 N1 97 (20.6) 69 (20.9)
 N2 38 (8.0) 22 (6.7)
 N3 37 (7.9) 11 (3.3)
 Unknown 8 (1.7) 8 (2.4)
 Total 471 (100) 330 (100)

ER
 Negative 172 (36.5) 111 (33.6) 0.302
 Positive 280 (59.5) 211 (63.9)
 Unknown 19 (4.0) 8 (2.5)
 Total 471 (100) 330 (100)

PR
 Negative 172 (36.5) 120 (36.4) 0.906
 Positive 283 (60.1) 203 (61.5)
 Unknown 16 (3.4) 7 (2.1)
 Total 471 (100) 330 (100)

HER2
 Negative 352 (74.7) 247 (74.9) 0.745
 Positive 99 (21.0) 74 (22.4)
 Unknown 20 (4.2) 9 (2.7)
 Total 471 (100) 330 (100)

Fig. 2  Late recurrence-free survival. Kaplan–Meier estimates of 
late recurrence-free survival after dichotomizing patients into two 
groups with higher or lower NLR. Blue and Green lines indicate 
patients with lower (blue) or higher (green) NLR than cutoff value, 
2.18, driven from ROC curve with Youden index using SPSS. 
Patients with NLR of > 2.18 showed worse late recurrence-free sur-
vival (p < 0.001). Multivariate analysis with Cox proportional hazard 
model on factors affecting late recurrence-free survival is found in 
Table 2

Table 2  Multivariate analysis with Cox proportional hazard model on 
the clinical characteristics affecting late recurrence

LN lymph node, ER estrogen receptor, PR progesterone receptor, 
HER2 human epidermal receptor 2, NLR neutrophil to lymphocyte 
ratio

HR CI p value

Tumor size 1.102 0.836–1.454 0.490
Positive LN 1.053 1.004–1.114 0.025
Negative ER 1.121 0.313–4.614 0.788
Negative PR 0.894 0.240–3.331 0.867
Positive HER2 0.717 0.190–2.708 0.624
Initial NLR 0.400 0.400–1.487 0.171
2nd look NLR 1.448 1.168–1.795 < 0.001
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Discussion

This study has shown that patients with high NLR approxi-
mately 5 years after the initial diagnosis have statistically 
significant worse breast cancer-free survival with late recur-
rence. Given that a relevant question in the current clinical 
field is who are residually at risk after completing the pri-
mary treatment, one of the strengths of this study is that it 
reflected the time point at 5 years after primary treatment, 
while most of the multigene expression profiles reflecting 
the time point not even before treatment had been given 

[12–14]. Indeed, most studies worked with primary tumors 
before treatment and studies that evaluated any specimen 
obtained 5 years after the primary treatment as a prognostic 
marker have been limited. Status of tumor(s) or patients after 
the primary treatment can be a feasible surrogate marker to 
predict late recurrence. Complete remission after the preop-
erative systemic treatment in ER-negative breast cancer is 
one of the examples, and in estrogen receptor-positive treat-
ment, changes of Ki67 level after preoperative endocrine 
therapy are another one [19–21]. Another example is the 
circulating tumor cells 5 years after the primary diagno-
sis, which powerfully stratifies late recurrence with hazard 
ratio of approximately 13, which was much higher than that 
of any other expression profiles with hazard ratio range of 
approximately 2 [22]. Taken together, response after any 
treatment can be a surrogate marker for recurrence and this 
study showed the feasibility of NLR 5 years after the ini-
tial diagnosis as a prognostic factor for late recurrence. We 
believe that this study supports the use of specimen or sam-
ples obtained at a certain time point after completion of the 
treatment, which was 5 years after treatment in this study to 
predict the late recurrence.

Utilizing neutrophils and lymphocytes, factors related 
to tumor microenvironment are another specific feature 
of this study. Stratification of patients according to the 
clinicopathological factors of tumors remains important, 
and nodal involvement has been consistently reported as 
a strong prognostic factor of late recurrence [1, 2], which 
was also one of the independent risk factors of late recur-
rence in this study. However, a recent meta-analysis with 
> 60,000 women who remained disease free after 5 years 
of scheduled endocrine treatment showed risks of distant 
recurrence stratified according to the nodal status, and 
the risk was 13%, 20%, and 34% for T1N0, T1N1, and 
T1N2 patients, respectively [1], which means even N0 
disease still has > 10% risk of late recurrence, suggest-
ing that other factors are required for more sophisticated 
discrimination of late recurrence [5, 10, 12]. Although 
gene expression-based profiles have enhanced the prognos-
tic ability of clinicopathological factors, these multigene 
expression assays have shown only a modest risk stratifica-
tion in terms of late recurrence, and their clinical utility 
remains controversial [12–14, 22]. The importance of neu-
trophils and lymphocytes has been highlighted by the fact 
that tumor-infiltrating neutrophils and lymphocytes are 
strongly correlated with patient’s prognosis, worse prog-
nosis with tumor-infiltrating neutrophils and better with 
tumor-infiltrating lymphocytes [23]. Neutrophils, the most 
commonly found immune cells in the blood, are considered 
to play a role in the development of metastatic disease, and 
elevated serum NLR is also highlighted by its significant 
correlation with poor prognosis in many cancers, includ-
ing breast cancer [17, 24]. Although evidence regarding 

Table 3  Clinicopathological characteristics of patients who were dis-
ease free approximately 5 years after diagnosis and with subsequent 
NLR stratified into two groups, higher or lower NLR

ER estrogen receptor, PR progesterone receptor, HER2 human epider-
mal growth factor receptor 2, NLR neutrophil to lymphocyte ratio

Lower NLR 
(n = 285), n (%)

Higher NLR 
(n = 45), n (%)

p value

Age
 < 45 102 (35.8) 25 (55.6) 0.036
 45–65 147 (51.6) 15 (33.3)
 > 65 36 (12.6) 5 (11.1)
 Total 285 (100) 45 (100)

T stage
 T1 141 (49.4) 21 (46.7) 0.56
 T2 123 (43.1) 20 (44.4)
 T3 14 (49.1) 4 (8.9)
 Unknown 7 (2.4) 0
 Total 285 (100) 45 (100)

N stage
 N0 199 (69.8) 21 (46.7) 0.003
 N1 57 (20.0) 12 (26.7)
 N2 14 (4.9) 8 (17.8)
 N3 9 (3.2) 2 (4.4)
 Unknown 6 (2.1) 2 (4.4)
 Total 285 (100) 45 (100)

ER
 Negative 95 (33.3) 16 (35.6) 0.956
 Positive 183 (64.2) 28 (62.2)
 Unknown 7 (2.5) 1 (2.2)
 Total 285 (100) 45 (100)

PR
 Negative 98 (34.4) 22 (48.9) 0.118
 Positive 180 (63.2) 23 (51.1)
 Unknown 7 (2.4) 0
 Total 285 (100) 45 (100)

HER2
 Negative 214 (75.1) 33 (73.3) 0.923
 Positive 63 (22.1) 11 (24.5)
 Unknown 8 (2.8) 1 (2.2)
 Total 285 (100) 45 (100)
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the mechanism underlying the association between high 
NLR and poor outcome in cancer patients is limited, neu-
trophils, early responders to wounds and infection, have 
been believed to play an inverse role against their protec-
tive role as immune cells when they respond tumor [25, 
26]. Preclinical animal models showed that neutrophils 
localized around the primary tumor responding to IL-8 
were secreted by tumor cells and eventually modify the 
extracellular matrix promoting tumor progression [27]. 
Neutrophils are also believed to localize to the lung and 
enhance early metastatic process in compliance with the 
primary tumor through reverse trans-endothelial migra-
tion [28, 29]. In another model, neutrophils had moderate 
antitumor immunity and resulted in more predominant 

Fig. 3  Overall breast cancer-
free survival. Blue and green 
lines indicate patients with 
lower (blue) or higher (green) 
than cutoff value, 2.18. a 
Kaplan–Meier estimates of 
breast cancer-free survival by 
NLR from the initial assay 
before giving any treatment. 
A total of 86 early and 21 late 
recurrences were reported and 
patients with NLR of > 2.18 
showed worse prognosis 
(p = 0.031). b, c Neither early 
nor late recurrence-free survival 
was statistically significant 
when exclusively assessed. d 
The NLR values of both early 
and late recurrence groups were 
not different

A

B C

D

Table 4  Multivariate analysis with Cox proportional hazard model 
on factors affecting recurrence-free survival, including both early and 
late recurrences

HR hazard ratio, CI confidence interval, ER estrogen receptor, PR 
progesterone receptor, HER2 human epidermal growth factor recep-
tor, NLR neutrophil to lymphocyte ratio

HR CI p value

Tumor size 1.194 1.096–1.302 < 0.001
Positive LN 1.067 1.048–1.087 < 0.001
Negative ER 2.074 1.217–3.535 < 0.007
Negative PR 0.904 0.535–1.527 0.706
Positive HER2 1.148 0.158–8.351 0.891
Initial NLR 1.231 1.037–1.460 0.017
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metastatic disease by suppressing the function of the adap-
tive immune response in tumor microenvironment [30, 
31]. However, there is a caveat to understanding the role 
of neutrophils in cancer: they can provide both protumor 
and antitumor functions, which still need to be enlightened 
[27]. Another thing not to be forgotten is that these find-
ings mostly from animal models are not always translated 
or applicable to clinical data. Thus, this area should be 
actively investigated to understand and utilize immune-
related therapy against late recurrence of breast cancer. 
This study showed that high NLR at 5 years after the pri-
mary treatment showed statistically significant higher risk 
of late recurrence and is the first research, based on our 
literature review, reporting that tumor microenvironment 
markers, i.e., elevated NLR, can be used as a prognostic 
marker for late recurrence. We believe that large clini-
cal trials can help to confirm the clinical validity of NLR 
and to elucidate immunologic challenges and responses in 
patients with breast cancer.

Limitation of this study is small study population con-
sidering long-term survival and large number of breast 
cancer patients. Recent meta-analysis regarding NLR 
and breast cancer includes 15 studies with two previous 
meta-analysis, comprising a total of 8563 patients [24] 
and median number of study population from each study 
was 316, which was smaller than 1st cohort of this study, 
suggesting that NLR in breast cancer needs more attention 
from the academic society considering their capacity as 
cheaper and easily accessible prognostic factor. Another 
limitation of this study is 12% of follow-up loss after 
developing 2nd cohort. Surveillance/follow-up plan was 
as follows: history and physical examination two times per 
year as clinically appropriate for 5 years, then annually; 
Mammography and/or breast ultrasound every 12 months 
for 5 years, then every 2 years; periodic imaging and/or 
laboratory studies for metastases screening annually for 
5 years, then recommended when there was any clinical 
sign or symptom suggestive of recurrent disease unless 
the patients had more than N3 disease, who were recom-
mended annual screening for metastases. However, con-
sidering 5-year follow-up plan was standard plan during 
the study period and Health Insurance Review and Assess-
ment system, Government-run health insurance system in 
Korea only covered these 5 years, there was no reason 
for surgical or medical oncologists to hold patients back 
from their primary physician or taking screening test sup-
ported by National Health Insurance Service. This bias 
from common clinical practice, however, has more chance 
to include less healthy patients in this study, which can 
affect the result. Recent studies showing better prognosis 
with extension of tamoxifen treatment will change medical 
practice and future study could include patients in a more 

random way until clinician can choose patients at a higher 
risk of late recurrence.

Conclusion

In summary, a high NLR at 5 years after initial diagnosis is 
associated with late recurrence in years 5–10 during follow-
up. We believe that NLR can serve as a reliable prognostic 
biomarker of late recurrence in a cost-effective way.
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