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clinical outcome in several solid tumors [3] and in other dis-
eases in which the systemic inflammation and physiological 
stress may play a pathogenic role [4, 5]. This marker is par-
ticularly interesting since it ideally integrates the subject’s 
immune response capacity with both the inflammatory sta-
tus and the neutrophil presence, which tend to correlate with 
tumour progression and poor prognosis [6, 7]. Moreover, it 
might reflect the patient’s systemic or peripheral immune 
status, which is probably interrelated with, but not equiva-
lent to that observed in the tumour microenvironment [2].

Breast cancer (BC) is the leading cause of cancer death in 
women [8]. Despite most patients are diagnosed with early 
BC, up to 30% of these cases will relapse in the first 10 years 
of follow-up. Since current prognostic models for relapse 
and survival are imperfect, leading to adjuvant or neoadju-
vant overtreatment of many patients [9], the identification 

Introduction

The recent understanding of tumor immunosurveillance 
as a limitation for tumor development and growth and the 
introduction of immunotherapy has lead to the search of 
intermediate immune biomarkers of cancer recurrence and 
progression. Although the tumor immune microenviron-
ment plays a key role in the response to different cancer 
treatments and in prognosis [1], there is growing evidence 
that the integrity of the peripheral immune system is also 
mandatory for an effective immunosurveillance [2]. Previ-
ous researchers have proposed the neutrophil-to-lympho-
cyte ratio (NLR) as an easily available predictor of adverse 
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Abstract
Purpose  The prognostic utility and biological correlates of neutrophil to lymphocyte ratio (NLR), a potential biomarker of 
the balance between immune response and the inflammatory status, are still uncertain in breast cancer (BC).
Methods  We analysed a cohort of 959 women with early breast cancer, mostly treated with neoadjuvant or adjuvant chemo-
therapy. Clinical and pathological data, survival, NLR (continuous and categorical) and stromal tumor infiltrating lympho-
cytes (sTIL) were evaluated.
Results  NLR was only weakly associated with Ki67, while no association was found for grade, histology, immunohisto-
chemical subtype or stage. Lymphocyte infiltration of the tumor did not correlate with NLR (Rho: 0.05, p = 0.30). These 
results were similar in the whole group and across the different BC subtypes, with no differences in triple negative BC. 
Relapse free interval (RFI), breast cancer specific survival (BCSS) and overall survival (OS) changed according to pre-
treatment NLR neither in the univariate nor in the multivariate Cox models (RFI: HR 0.948, p = 0.61; BCSS: HR 0.920, 
p = 0.57; OS: HR 0.96, p = 0.59).
Conclusion  These results question the utility of NLR as a prognostic biomarker in early breast cancer and suggest the lack 
of correlation of NLR with tumor microenvironment immune response.
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of other prognostic factors is necessary to safely escalate or 
descalate adjuvant and neoadjuvant treatment [10]. The role 
of the immune response in BC has not been fully elucidated, 
but the recent introduction of immunotherapy both in early 
and advanced BC [11] together with a better understand-
ing of the contribution of immune microenvironment to 
chemotherapy and targeted treatment response has fostered 
the search for new immune response-related biomarkers. 
Among them, the NLR has been explored as a biomarker 
of prognosis and response in BC, especially in the early BC 
setting, in which an elevated NLR has been associated with 
decreased survival [12]. However, despite the meta-analy-
sis data showing its prognostic significance, no validated 
early BC prognostic model has incorporated it [13], nor has 
it been recognized as a useful biomarker for clinical use, 
not even in the most immunogenic triple negative BC sub-
type [14]. Furthermore, its significance in metastastic BC is 
unclear [15].

There also exists significant uncertainty regarding the 
biological meaning of the NLR in early BC, in which leuko-
cytosis could be associated with other patient-related factors 
[16] and some studies have demonstrated the prognostic 
impact of lymphopenia both before and after treatment [17]. 
This uncertainty is increased by the fact that the NLR values 
reported as significant frequently overlaps with those found 
in the normal population [18], and they clearly fall below 
the usual cut-points for unfavorable prognosis in other 
tumors [19, 20]. Furthermore, the association of NLR with 
other immune biomarkers, particularly tumor infiltrating 
lymphocytes (TIL) [21], remains underexplored. The avail-
able studies, usually with a small sample size and significant 
heterogeneity, have not established any link between NLR 
and the immune response in the primary tumor [22, 23].

Thus, the aim of this original research was to determine 
the clinical meaning and the biological correlates of NLR as 
a peripheral immune biomarker, with the biological charac-
teristics, especially the lymphocytic infiltration, of the pri-
mary tumor across subtypes of early BC.

Methods

Study design

An observational single-center prospective cohort of 959 
women with early breast cancer (2012–2020) was retrospec-
tively analyzed. Inclusion criteria for this study were female 
sex, histologic diagnosis of early breast cancer (stages 
I-III), availability of pre-treatment blood cell count and 
signed informed consent for the study. For the biomarker 
sub-study, availability of pre-treatment core biopsy for sTIL 
evaluation was also required. Written informed consent was 

obtained from all patients included in the study. The study 
was approved by the Clinical Research and Trials Commit-
tee of the University Hospital Morales Meseguer (Internal 
code: EST08/21) and was conducted in accordance with the 
ethical principles of the Declaration of Helsinki. The pri-
mary endpoints were NLR, sTIL percentage in core biopsy, 
relapse free interval, and breast cancer-specific survival, as 
defined below. Overall survival was a secondary endpoint.

Cohort assembly, diagnosis, and treatment

Patients were obtained from a previous prospective cohort 
of 1006 consecutive breast cancer included, between 2012 
and 2018 in a translational study in which most patients 
received adjuvant or neoadjuvant chemotherapy. Of the 
cohort of 1006 patients, 6 male patients and 41 patients 
without pre-treatment NLR data were excluded (Supple-
mentary Fig. 1), with a final sample size of 959. Diagno-
sis and treatment were performed according to standard 
clinical practice [24]. Chemotherapy schedules were clas-
sified as 2nd generation (doxorubicin-cyclophosphamide or 
docetaxel-cyclophosphamide) or 3rd generation (sequential 
or concurrent anthracyclines and taxanes) regimens.

Neutrophil-to-lymphocyte ratio calculation

Routine laboratory parameters were collected from labora-
tory databases, using the closest blood count prior to the 
date of surgery in the adjuvant cohort or to the date of neo-
adjuvant chemotherapy (NCT) initiation (maximum time: 
two weeks). Pretreatment NLR was calculated by dividing 
the absolute neutrophil count by the absolute lymphocyte 
count.

sTIL analysis and pathologic evaluation

Pre-treatment sTIL were measured by a single expert breast 
pathologist (MPR) blinded to the patients’ outcomes. sTIL 
was expressed as the percentage of TIL in the intratumoral 
stromal area of H&E stained slides from the diagnostic 
core biopsy. The whole stroma compartment within the 
borders of the invasive breast tumor (excluding necrotic or 
artifacted zones) was considered for sTIL quantification. 
The sTIL quantitative variable correspond to the percent-
age of the area occupied by lymphocytes related to the total 
area of stromal tissue. Published standard methods from 
the International sTIL Working Group were followed for 
sTIL evaluation [25]. sTIL values were either expressed as 
a continuous variable (percentage) or categorized in three 
groups (sTIL < 1%, 1–10%, > 10%). Evaluation of immu-
nohistochemistry for estrogen receptors (ER), progesterone 
receptors (PgR), HER2 and Ki-67 was performed following 
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standard validated procedures [26, 27]. Ki67 was scored 
globally (average count) and expressed as a continuous 
variable, withoud categorization. Tumors were classified 
according to immunohistochemical surrogate molecular 
subtypes: triple negative breast cancer (ER negative, PgR 
negative, HER2 negative), HER2+/HR- (HER2 positive, 
ER negative, PgR negative), HER2+/HR+ (HER2 posi-
tive, ER and/or PgR positive), and HR+/HER2- (luminal) 
tumors. HR + HER2- tumors were further classified as either 
luminal B tumors (high Ki-67 level, defined as Ki-67 > 14%, 
or grade 3 or negative PgR, defined as < 20%) or as luminal 
A tumors (Ki-67 ≤ 14% and grade 1–2 and positive PgR).

In those patients treated with NCT, pathological com-
plete response (pCR) was defined as the absence of invasive 
carcinoma in the breast and axilla, regardless of the pres-
ence of carcinoma in situ (ypT0/Tis ypN0).

Sample size and power estimation

Assuming a censoring rate of 90% and a maximum two-
sided alpha error of 0.05, the study (n = 959) had 80% power 
to detect a hazard ratio (HR) of at least 2.0 for overall sur-
vival between two groups (1:1) defined by dichotomic NLR 
(cut point: median NLR). Thus, the study had an adequate 
power to detect moderate differences in OS, according to 
prior reported HR for OS for NLR in early BC [12]. An 
additional analysis of dichotomic NLR using a pre-defined 
cut-off of 3 (in agreement with data from previous meta-
analysis) was planned.

Statistical analysis

We followed the REMARK guidelines for the analysis and 
report of our results [28]. Descriptive analyses of qualita-
tive variables included proportions. Shapiro-Wilk tests 
were used to test continuous variables for normality. Con-
tinuous variables with normal distribution were presented 
as means ± standard deviations (SD), whereas non-normally 
distributed variables were reported as median and inter-
quartile ranges (IQR). Pearson’s χ2 test was used to com-
pare proportions or ordinal variables. Differences in means 
were studied with the Student’s t-test (parametric) or the 
Mann-Whitney U test (non-parametric). The correlation 
between NLR and sTIL overall and by subtypes were evalu-
ated with non-parametric test (Spearman’s Rho); values of 
Rho < 0.200 were not considered relevant.

The main outcome variables were relapse free interval 
(RFI), defined, according to STEEP criteria [29], as the 
interval between the date of the first treatment (either sur-
gery or first cycle of neoadjuvant chemotherapy) and the 
date of distant or locoregional invasive relapse or death by 
breast cancer, and breast cancer-specific survival (BCSS), 

calculated from the date of the first treatment to the date 
of death by breast cancer. Overall survival (OS) was also 
calculated from the date of the first treatment to the date of 
death by any cause. Median follow-up was calculated with 
the inverse Kaplan-Meier method. For survival analyses of 
RFI, BCSS and OS we used the Kaplan-Meier method and 
log-rank tests. The prognostic impact of the different clini-
cal and biological variables on the outcome was ascertained 
by uni- and multivariate Cox proportional hazards regres-
sion models. The selection of variables for the multivariate 
models was based on theoretical considerations and previ-
ous results from the literature. Treatment-related variables 
were included in the model to obtain valid predictions under 
non-treatment conditions. To overcome the possibility of 
collinearity, variables with strong (|r| ≥ 0.5) or significant 
(p < 0.05) correlations were excluded. Biological variables 
were analysed as continuous quantitative variables. We used 
the likelihood ratio test (LRT) for comparison of the prog-
nostic performance of nested prognostic models with or 
without inclusion of NLR as a variable.

All p-values were bilateral. A p-value of < 0.05 was con-
sidered statistically significant. Holms-Bonferroni adjust-
ment was used for multiple comparisons. All analyses 
were performed with R version 4.2.3 and RStudio (version 
2023.03.0).

Results

Patient characteristics and treatment

A total sample of 959 women with early BC was included 
in the study (Supplementary Fig. S1). Main patients’ char-
acteristics are shown in Table 1. Median age was 52 years. 
Approximately half of patients were treated with neoadju-
vant chemotherapy (47.7%) and the rest of them (52.3%) 
underwent primary surgical treatment followed by systemic 
adjuvant therapy, mostly chemotherapy (67.3%). After a 
median follow-up of 75 months, 87 deaths (47 due to BC) 
and 91 relapses (81 distant) occurred. Median breast can-
cer-specific survival (BCSS) was not reached; 5-year and 
10-year BCSS was 96.0% (95%CI: 94.7–97.3%) and 92.9% 
(95%CI: 90.4–95.4%), respectively. Five-year and 10-year 
relapse-free interval (RFI) was 92.2% (95%CI: 90.4–93.9%) 
and 87.9% (95%CI:84.9–90.3%).

NLR distribution and association with other clinical 
and pathological variables

Median baseline NLR value was 1.9 (Q1-Q3 [interquartilic 
range], 1.5–2.6). We analyzed the association of NLR, both 
as a continuous and as a dichotomic variable, with other 
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clinical and pathological variables. As shown in Table 2, a 
higher NLR was observed in younger and premenopausal 
patients, while no associations of NLR levels were found for 
most tumor or patient characteristics. In particular, no dif-
ferences in NLR were found for the BC subtypes (p = 0.751) 
nor between luminal A and B tumors (p = 0.857) within the 
HR + HER2- subtype (Supplementary Fig. S2).

NLR did not correlate with estrogen receptor (Rho, 0.010; 
p = 0.80) or progesterone receptor (Rho, 0.05; p = 0.10) per-
centage, but proliferation, as determined by Ki67%, was 
weakly associated with NLR (Spearman’s Rho, 0.102; 
p = 0.002) (Supplementary Fig. S3). Ki67 was also higher 
(p = 0.049) in patients with high NLR (median Ki67, 30%; 
Q1-Q3: 18–50%) than in patients with low NLR (median 
Ki67, 25%; Q1-Q3: 11–50%).

Correlation of NLR and stromal tumor infiltrating 
lymphocytes (sTIL) across breast cancer molecular 
subtypes

We sought to determine the correlation between NLR, as a 
peripheral blood immune biomarker, and sTIL, as the most 
usual immune biomarker in the primary tumor. The analy-
sis of 535 patients, in which both variables were available 
(Supplementary Table 1), showed a median tumor stromal 
lymphocytic infiltration of 5% (Q1-Q3: 4–15), with signifi-
cant differences between immunohistochemical surrogate 
BC molecular subtypes (p < 0.001): higher values of sTIL 
were found in triple negative breast cancer (median 10%, 
Q1-Q3: 5–36) and in HR-/HER2 + tumors (median 20%, 
Q1-Q3: 5–30), while luminal BC cases showed lower infil-
tration (median 5%, Q1-Q3: 0–10).

We did not find a significant correlation between NLR 
and sTIL neither in the whole cohort (Rho, 0.05; p = 0.30) 
(Supplementary Fig. S3) nor in the different BC subtypes 
(Table 3).

Similarly, the analysis of NLR according to sTIL sub-
groups did not show any association between both variables 
(Fig.  1). Categorical analysis of the distribution of NLR 
high and low groups across sTIL subgroups (Table 3) did 
not reveal any association (Chi-squared; p = 0.820). Similar 
results were obtained when the analysis was performed in 
each BC subtype (Table 3).

Since both NLR and sTIL showed a significant correla-
tion with Ki67, we also assessed the concurrent effect of 
sTIL and Ki67 on NLR. A clear pattern of variability was 
not identifiable, neither in the whole cohort nor across the 
four BC subtypes (Supplementary Fig. S4).

Table 1  Baseline patient and tumor characteristics
Total cohort (n = 959)

Age, median (Q1, Q3), years 52.0 (44.8, 62.9)
Menopausal status
Premenopausal 499 (52.0%)
Postmenopausal 459 (47.9%)
NA 1 (0.1%)
Histology
Invasive ductal carcinoma 864 (90.1%)
Invasive lobular carcinoma 64 (6.7%)
Other subtypes 31 (3.2%)
Immunohistochemical subtype
HR+/HER2- 624 (65.1%)
HR+/HER2+ 160 (16.7%)
HR-/HER2+ 60 (6.3%)
TNBC 115 (12.0%)
Ki67, median (Q1, Q3) percentage 30.0 (15.0, 50.0)
Grade
Grade 1 129 (13.5%)
Grade 2 430 (44.8%)
Grade 3 356 (37.1%)
Unknown 44 (4.6%)
Tumor stage
T1 305 (31.8%)
T2-4 648 (67.6%)
Unknown 6 (0.6%)
Tumor size, median (Q1, Q3), mm 27.0 (18.0, 40.0)
Clinical nodal stage
cN0 546 (56.9%)
cN1 217 (22.6%)
cN2-3 188 (19.6%)
NA 8 (0.8%)
Pathological nodal stage
pN0/ypN0 547 (57.0%)
pN+/ypN+ 367 (38.3%)
NA 45 (4.7%)
Treatment setting
Adjuvant 502 (52.3%)
Neoadjuvant 457 (47.7%)
Chemotherapy schedule
No chemotherapy 164 (17.1%)
2nd generation CT 260 (27.1%)
3rd generation CT 535 (55.8%)
Other adjuvant systemic treatment
Adjuvant endocrine therapy 770 (80.3%)
Adjuvant trastuzumab therapy 220 (23.0%)
CT: Chemotherapy. HR: Hormone Receptor. TNBC: Triple-Negative 
Breast Cancer. 2nd generation CT: taxane or anthracycline-based 
regimens (TC: docetaxel-cyclophosphamide; AC: doxorubicin-cyclo-
phosphamide). 3rd generation CT: sequential/concurrent anthracy-
clines and taxanes (TAC: docetaxel, doxorubicin, cyclophosphamide; 
weekly Paclitaxel-Doxorubicin/cyclophosphamide). NA: not avail-
able
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0.83; 95%CI, 0.55–1.26) or BCSS (HR 0.82; 95%CI, 
0.46–1.45) (Supplementary Fig. S5).

Similarly, the incorporation of NLR as a covariate into 
multivariate Cox models for both RFI and BCSS was 
not significantly associated with any of the outcomes 
(Table 4). In addition, its inclusion did not improve the 
predictions based on conventional clinical and patho-
logical variables (likelihood ratio test [LRT] comparing 

Association of NLR with survival outcomes

The baseline NLR level, considered as a continuous vari-
able, did not show any association with RFI (HR 0.99; 
95%CI, 0.84–1.19) or BCSS (HR 0.97; 95%CI, 0.76–
1.25). Likewise, higher NLR (using the median value 
as cut-off), did not exhibit an association with RFI (HR 

Table 2  Association of baseline NLR with other biological and pathologic variables
Total NLR NLR low NLR high

Characteristic N (%) Median (Q1, Q3) P value N (%) N (%) P value*

Total 965 (100%) 493 (%) 466 (%) --
Age, median (Q1, Q3) 52.0 (44.8, 62.9) --- --- 54.0 (45.0, 63.6) 50.4 (44.5, 61.9) 0.149
Menopausal status < 0.001 0.013
Postmenopausal 499 (52.0%) 1.78 (1.40, 2.48) 283 (57.4%) 216 (46.4%)
Premenopausal 459 (47.9%) 2.0 (1.56, 2.77) 210 (42.6%) 249 (53.4%)
Histology 0.405 0.651
IDC 864 (90.1%) 1.9 (1.46, 2.62) 437 (88.6%) 427 (91.6%)
ILC 64 (6.7%) 1.74 (1.47, 2.26) 38 (7.7%) 26 (5.6%)
Other 31 (3.2%) 1.75 (1.51, 2.8) 18 (3.7%) 13 (2.8%)
Subtype 0.751 0.936
HR+/HER2- 624 (65.1%) 1.89 (1.47, 2.59) 320 (64.9%) 304 (65.2%)
HR+/HER2+ 160 (16.7%) 1.91 (1.5, 2.59) 80 (16.2%) 80 (17.2%)
HR-/HER2+ 60 (6.3%) 1.89 (1.58, 2.95) 31 (6.3%) 29 (6.2%)
TNBC 115 (12.0%) 1.85 (1.42, 2.59) 62 (12.6%) 53 (11.4%)
ER 0.841 0.695
Negative 190 (19.8%) 1.86 (1.43, 2.62) 101 (20.5%) 89 (19.1%)
Positive 768 (80.1%) 1.89 (1.49, 2.6) 391 (79.3%) 377 (80.9%)
PgR 0.600 0.651
Negative 306 (31.9%) 1.85 (1.47, 2.57) 166 (33.7%) 140 (30.0%)
Positive 652 (68.0%) 1.91 (1.47, 2.62) 326 (66.1%) 326 (70.0%)
HER2 0.413 0.791
Negative 739 (77.1%) 1.88 (1.45, 2.59) 382 (77.5%) 357 (76.6%)
Positive 220 (22.9%) 1.9 (1.54, 2.69) 111 (22.5%) 109 (23.4%)
Ki67, median (Q1, Q3) 30.0 (15.0, 50.0) --- 25.0 (10.8, 50.0) 30.0 (18.5, 50.0) 0.049
Grade 0.207 0.643
Grade 1 129 (13.5%) 1.84 (1.44, 2.67) 69 (14.0%) 60 (12.9%)
Grade 2 430 (44.8%) 1.83 (1.43, 2.52) 233 (47.3%) 197 (42.3%)
Grade 3 356 (37.1%) 1.95 (1.5, 2.62) 170 (34.5%) 186 (39.9%)
Missing 44 (4.6%) 21 (4.3%) 23 (4.9%)
Tumor size (mm), median (Q1, Q3) 27.0 (18.0, 40.0) --- --- 27.0 (18.0, 42.0) 27.0 (19.0, 39.0) 0.910
Missing 6 (0.6%) 4 (0.8%) 2 (0.4%)
cN 0.370 0.639
cN0 546 (56.9%) 1.87 (1.46, 2.59) 283 (57.4%) 263 (56.4%)
cN1 217 (22.6%) 1.95 (1.5, 2.79) 102 (20.7%) 115 (24.7%)
cN2-3 188 (19.6%) 1.83 (1.44, 2.45) 103 (20.9%) 85 (18.2%)
Missing 8 (0.8%) 5 (1.0%) 3 (0.6%)
pN/ypN 0.514 0.789
pN0/ypN0 550 (57.5%) 1.9 (1.48, 2.63) 277 (56.2%) 273 (58.6%)
pN+/ypN+ 376 (39.3%) 1.88 (1.44, 2.57) 199 (40.4%) 177 (38.0%)
pNx/ypNx 30 (3.1%) 1.89 (1.60, 2.63) 17 (3.4%) 16 (3.4%)
NOTE: *Adjusted p (Bonferroni-Holms)
CT: Chemotherapy. ER: Estrogen Receptor. HR: Hormone Receptor. IDC: Invasive Ductal Carcinoma. ILC: Invasive Lobular Carcinoma. PgR: 
Progesterone Receptor. TNBC: Triple-negative Breast Cancer

1 3



Breast Cancer Research and Treatment

Table 3  NLR and sTIL global and by subtypes
Total sTIL NLR NLR low NLR high

Characteristic N (%) Median sTIL (Q1, Q3) Median RNL (Q1, Q3) P value N (%) N (%) P value*

Total 535 (100%) 257 (%) 278 (%)
5 (4, 15) 1.95 (1.5, 2.7) --- 5 (5, 15) 10 (3, 15) 0.776

sTIL group 0.806 0.820
sTIL < 1% 125 (23.4%) --- 1.95 (1.45, 2.52) 60 (48%) 65 (52%)
sTIL 1–10% 260 (48.6%) --- 1.93 (1.5, 2.78) 128 (49.2%) 132 (50.8%)
sTIL > 10% 150 (28.0%) --- 2 (1.58, 2.71) 69 (46%) 81 (54%)
sTIL group by 
subtype

0.256 0.381

HR+/HER2- 335 (62.6%) 5 (0, 10) 1.95 (1.48, 2.64) 0.698 162 (48.4%) 173 (51.6%) 0.507
sTIL < 1% 1.96 (1.44, 2.52) 48 (47.5%) 53 (52.5%)
sTIL 1–10% 1.89 (1.48, 2.75) 90 (50.8%) 87 (49.2%)
sTIL > 10% 2.07 (1.59, 2.76) 24 (42.1%) 33 (57.9%)
HR+/HER2+ 90 (16.8%) 10 (5, 20) 2.06 (1.63, 2.84) 0.895 38 (42.2%) 52 (57.8%) 0.593
sTIL < 1% 2.11 (1.86, 2.49) 2 (25%) 6 (75%)
sTIL 1–10% 2.06 (1.63, 2.89) 17 (42.5%) 23 (57.5%)
sTIL > 10% 1.95 (1.61, 2.57) 19 (45.2%) 23 (54.8%)
HR-/HER2+ 46 (8.6%) 20 (5, 30) 2.12 (1.70, 3.07) 0.272 21 (45.7%) 25 (54.3%) 0.474
sTIL < 1% 1.60 (1.33, 1.93) 3 (75%) 1 (25%)
sTIL 1–10% 2.11 (1.67, 3.08) 8 (47.1%) 9 (52.9%)
sTIL > 10% 2.17 (1.79, 3.24) 10 (40%) 15 (60%)
TNBC 64 (12.0%) 10 (5, 36) 1.84 (1.46, 2.57) 0.253 36 (56.2%) 28 (43.8%) 0.694
sTIL < 1% 1.86 (1.52, 2.57) 7 (58.3%) 5 (41.7%)
sTIL 1–10% 1.95 (1.55, 2.73) 13 (50%) 13 (50%)
sTIL > 10% 1.69 (1.27, 2.41) 16 (61.5%) 10 (38.5%)
*Bonferroni-Holms adjustment
HR: Hormone Receptor. NLR: Neutrophil-to-Lymphocyte Ratio. sTIL: stromal Tumor Infiltrating Lymphocytes. TNBC: Triple-negative 
Breast Cancer

Fig. 1  Values of baseline NLR according to categorical TIL groups 
in early BC patients (A) Baseline NLR for the three groups of sTIL 
(< 1%, 1–10%, > 10%). The central line in each boxplot correspond to 

the median value of NLR; black dots correspond to outliers; error bars 
represent ± 1.5 IQR; ns: non-significant p-value (Kruskal-Wallis test). 
(B) Density histogram for NLR in the three sTIL subgroups
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Finally, given that previous studies have indicated a 
different meaning of NLR according to BC subtype and 
have used diverse thresholds for dichotomic NLR, we 
performed additional analyses. A cut-off of 3 for NLR, 
like that reported in the meta-analysis [12], and corre-
sponding to 85th percentile in our cohort, did not yield 
differences in either OS (p = 0.23), BCSS (p = 0.48) or 
RFI (p = 0.60) (Supplementary Fig. S6). Similarly, sur-
vival analysis within each BC subtype did not show any 
association between NLR and patient outcomes, either 
using dichotomic NLR (Supplementary Fig. S7) or con-
tinuous NLR (Supplementary Table 2).

Discussion

The NLR has been proposed as a prognostic marker in 
early breast cancer, with higher values indicating a pro-
inflammatory and immune-suppressed state [4] asso-
ciated with a poorer prognosis in terms of relapse and 
survival [12]. However, the uncertainties surrounding 
its biological significance and the omission of baseline 
NLR as a covariate in the validated prognostic models of 
early breast cancer [13] prompted this study of a cohort 
of early BC patients treated with contemporary adjuvant 
and neoadjuvant standards. Beyond the absence of prog-
nostic impact of NLR in early BC patients, the primary 
finding of this study is the lack of correlation between 
NLR and tumor lymphocytic infiltration and between 
NLR and other tumor characteristics.

NLR was only elevated in premenopausal patients, an 
unexpected finding since higher NLR levels have been 
reported in older women [30]. We did not identify any 
association of NLR with higher tumor stage or more 
aggressive biological traits, except for a weak associa-
tion with tumor proliferation as assessed through Ki67 
immunohistochemistry, the implications of which also 
remain uncertain. The assessment of the correlation 
between NLR and sTIL represented the main objective of 
this study, considering the relevance of understanding the 
biological correlation of peripheral and tissue immune-
related prognostic factors to improve its clinical applica-
bility. In this work, no association between both immune 
markers was found. The correlation between NLR and 
sTIL has been previously evaluated, also without find-
ing any link between them. However, the evidence has 
been limited until now, with studies characterized by 
small sample size and predominantly focused on TNBC 
[22, 23, 31–33]. Thus, our work confirms the absence 
of a relationship between two widely used immune bio-
markers, NLR and sTIL, across all subtypes of early BC. 
These results remained unchanged when variables were 

models with and without NLR: p = 0.598 for RFI, and 
p = 0.553 for BCSS). Since previous reports have shown 
certain associations between NLR, patient characteristics 
and non-BC mortality, we also examined its potential 
effect on OS, without finding any significant association 
in either the univariate (HR 1.00; 95%CI, 0.84–1.19) or 
multivariate models (Table  4). No interaction between 
NLR and Ki67 was found in any of the models. The 
inclusion of sTIL into the multivariate models in those 
patients with available data for this biomarker (n = 535) 
did not change these results (data not shown).

Table 4  Multivariate Cox models including NLR for RFI and OS.
Model Beta HR (95% CI) p-value
Relapse free interval
NLR (continuous) -0.053 0.948 (0.773, 1.162) 0.608
Postmenopausal 0.237 1.268 (0.772, 2.082) 0.347
T size (cm) 0.019 1.019 (1.010, 1.030) < 0.001
Nodal disease 1.041 2.83 (1.611, 4.977) < 0.001
Grade 3 -0.049 0.951 (0.516, 1.753) 0.873
ER (positive) -0.827 0.437 (0.225, 0.849) 0.015
HER2 (positive) 0.134 1.144 (0.652, 2.007) 0.638
Ki67 (continuous) 0.006 1.006 (0.994, 1.018) 0.335
Mastectomy 0.526 1.691 (0.996, 2.960) 0.065
Chemotherapy (adjuvant 
or neoadjuvant)

-0.154 0.857 (0.280, 2.618) 0.786

Breast cancer specific 
overall survival
NLR (continuous) -0.083 0.920 (0.687, 1.230) 0.572
Postmenopausal 0.594 1.812 (0.889, 3.691) 0.101
T size (cm) 0.016 1.017 (1.003, 1.029) 0.010
Nodal disease 1.241 3.460 (1.585, 7.549) 0.002
Grade 3 0.255 1.291 (0.562, 2.963) 0.547
ER (positive) -0.844 0.429 (0.175, 1.054) 0.065
HER2 (positive) 0.109 1.115 (0.509, 2.443) 0.784
Ki67 (continuous) 0.009 1.009 (0.992, 1.026) 0.282
Mastectomy 0.788 2.199 (1.000, 4.836) 0.049
Chemotherapy (adjuvant 
or neoadjuvant)

-1.043 0.352 (0.089, 1,389) 0.136

Overall survival
NLR (continuous) -0.045 0.956 (0.812, 1.126) 0.592
Age (continuous) 0.054 1.056 (1.023, 1.090) < 0.001
Postmenopausal 0.911 2.487 (1.040, 5.948) 0.040
T size (cm) 0.009 1.009 (0.998, 1.021) 0.087
Nodal disease 1.079 2.944 (1.711, 5.066) < 0.001
Grade 3 0.318 1.374 (0.727, 2.597) 0.327
ER (positive) -0.574 0.563 (0.280, 1.131) 0.106
HER2 (positive) 0.229 1.257 (0.686, 2.303 0.458
Ki67 (continuous) 0.011 1.011 (0.989, 1.024) 0.078
Mastectomy 0.726 2.067 (1.197, 3.571) 0.009
Chemotherapy (adjuvant 
or neoadjuvant)

-1.427 0.240 (0.108, 0.531) < 0.001

CI: Confidence Interval. ER: Estrogen Receptor. HR: Hazard Ratio. 
NLR: Neutrophil-to-Lymphocyte Ratio
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of patients within 4th and 5th quintiles of NLR (quin-
tiles showing a difference in terms of DFS and OS) had 
metastatic disease at time of inclusion. The divergence 
in NLR’s prognostic impact between these studies and 
our findings might also be attributed to differences in 
inclusion periods (all of them before 2011), which cor-
respond to different therapeutic standards, as well as to 
the lack of inclusion in all of them of some prognostic 
factors such as Ki67 and grade. Finally, the geographical 
origin of the patients may have also played a relevant 
role, considering that a recent meta-analysis, focused on 
the neoadjuvant setting, showed significant disparities in 
the prognostic impact of NLR according to geographic 
location. Interestingly, no effect of NLR on DFS was 
found in non-Asian populations [39]. In any event, our 
results do not replicate the previous reported differences 
in the risk of recurrence or death and suggest the absence 
of prognostic value for NLR in the context of early BC 
treated with contemporary adjuvant or neoadjuvant stan-
dards when accounting for other prognostic variables in 
the multivariate models.

Our work has several limitations. First, we examined a 
high-risk BC cohort, predominantly composed of patients 
treated with adjuvant or neoadjuvant chemotherapy, 
although this is precisely the clinical context in which 
new biomarkers are more necessary to allow new esca-
lation or de-escalation therapeutic strategies. Second, 
the sample size and number of events gave us adequate 
statistical power to exclude moderate prognostic effects 
(HR around 2), but we cannot discard milder effects of 
NLR on the risk of BC recurrence or death. However, the 
HR reported in NLR studies for early BC fall within the 
range of 1.50–2.50 in the publication by Koh et al. [38] 
and tend to be equal or over 2 in most studies [35, 37] 
and in the main meta-analysis [12]. Third, although sTIL 
were evaluated according to international standards, the 
evaluation was performed by a single pathologist. Fourth, 
sTIL is an imperfect biomarker of immune response in 
the tumor microenvironment. Although our data demon-
strate no association with the NLR levels, the assessment 
of other immune biomarkers either in the primary tumor 
or in plasma samples, might allow a better understanding 
of the role of NLR, if any, in the immune response status 
of early BC patients.

In conclusion, the results of our study did not establish 
any correlation between NLR and tumor-infiltrating lym-
phocytes –a biomarker of tumor immune response—nor 
with other biological factors relevant for tumor progres-
sion. Furthermore, we were unable to replicate, within a 
contemporary Western cohort of early BC patients, prior 
findings that supported a prognostic impact of NLR, 
either in the whole group or in any BC subtype. Taken 

analyzed categorically and in analyses stratified by sub-
types and levels of lymphocytic infiltration. These find-
ings strongly suggest the lack of association between 
NLR levels and the degree of immune response activa-
tion in the tumor.

The cutoff for NLR is a relevant issue for the inter-
pretation of our data. In this study we decided to anal-
yse NLR as a continuous variable to avoid the loss of 
information caused by dichotomization and the usual 
overfitting for models developed using ROC curves to 
determine the cutoff. However, the analysis with both 
the median value and 3 as cut points did not show any 
difference in the risk of death or recurrence. These cut-
offs are in fact below the usual cutoff of 4 used in other 
tumors with higher inflammatory activation, such as pan-
creatic or renal cancer [19, 20]. It is noteworthy that the 
median NLR in our cohort was 1.96, close to the median 
range of 1.60–1.80 which is generally considered as nor-
mal in population-based studies [18]. While inflamma-
tory activation contributes to BC progression [34], the 
observed NLR levels might suggest a comparatively less 
inflammatory systemic tumor environment in early BC 
patients. This also suggest a lesser degree of impairment 
in the anti-tumor immune response compared with other 
neoplasms or with advanced disease. In this context, we 
could expect a lower impact of NLR in the prognosis of 
early BC, except in cases with extreme values.

The patient population included in this study displays 
the expected distribution of tumor subtypes in early BC. 
Our data indicate no difference of NLR levels among 
BC subtypes, nor do they show any different prognostic 
impact within any of them, including TNBC, for which 
prior reports have suggested a greater relevance of NLR. 
These results disagree with those reported by Jia et al. in 
a Chinese cohort of 1570 patients, mostly treated with 
adjuvant chemotherapy, and in which a NLR cutoff of 
2 was used [35]. However, the referenced study entirely 
excluded patients treated with neoadjuvant chemother-
apy, who represents approximately half of our cohort. 
Several other studies with sample sizes exceeding 500 
patients have similarly shown a prognostic value of NLR 
in early BC. It is noteworthy, however, that these studies 
solely considered patients treated in the adjuvant setting. 
Additionally, certain confusion factors, such as the inclu-
sion of in situ carcinomas [36] or the administration of 
NSAIDs [37], were present. Another study conducted by 
Koh et al., the largest reported thus far, also found a rel-
evant prognostic impact for NLR in TNBC [38]. Remark-
ably, this is the only study that, similarly to ours, includes 
patients treated in the neoadjuvant setting (although only 
15%) and incorporates treatment-related variables in the 
multivariate model. However, between 16% and 32% 
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