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Purpose: Breast cancer (BC) is a highly heterogeneous disease presenting a broad range of 

clinical and molecular characteristics. In the past years, a growing body of evidence demonstrated 

that immune response plays a significant role in cancer outcome. However, immune prognostic 

markers are not completely validated in clinical practice in BC patients.

Materials and methods: With the aim to characterize immune features, several parameters 

were analyzed in peripheral blood at diagnosis of 85 nonmetastatic BC patients between 

April 2011 and July 2014.

Results: With a median follow-up of 38.6 months, peripheral blood analysis of BC patients 

(stages I, II, and III) showed that total lymphocyte and T lymphocyte counts were augmented 

in nonrelapsed patients. Also, a higher neutrophil-to-lymphocytes ratio was associated with 

prolonged disease-free survival. Natural killer cell receptor analysis revealed that early activa-

tion receptor CD69 was associated with a better outcome.

Conclusion: This preliminary evidence is in accordance with the concept of immune surveil-

lance. We suggest an “immune phenotype” that provides relevant prognostic information in 

early-stage BC patients and which could be useful in the decision-making process.

Keywords: breast neoplasm, prognostic factors, lymphocytes, neutrophil-to-lymphocyte ratio

Introduction
Breast cancer (BC) is a highly heterogeneous disease presenting a broad range of 

clinical and molecular characteristics. It is the most frequent cancer in women and 

the second most common cause of death.1 Patients with The Union for International 

Cancer Controls (UICC)-classified stage I–III disease require surgical resection with 

or without adjuvant chemotherapy. After definitive treatment, there is a likelihood 

of recurrence ranging from 10% to 40%, and this depends mainly on the underlying 

molecular tumor subtype.2

There is a growing body of evidence that immune response plays a significant 

role in cancer outcome.3 Both the innate and adaptive immune responses affect tumor 

growth and progression. Furthermore, the genetic instability of tumor cells contributes 

to tumor immune escape.4,5

In BC, tumor-infiltrating lymphocytes were found to be associated with better 

survival and better response to anthracycline-based chemotherapy.6 In peripheral 

blood (PB), other studies demonstrated an association between lower lymphocyte 

count and poor survival in several tumor models.7 Indeed, both PB neutrophils and 

lymphocytes are nonspecific acute parameters of inflammation. A higher neutrophil 
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to lymphocyte ratio (NLR) has been associated with worse 

prognosis in numerous tumors.8–14 In BC, a higher NLR was 

associated with shorter overall survival, mostly in triple-

negative BC patients.15,16

Innate immune natural killer (NK) cells, defined as CD3-

CD56+ cells, are bone marrow-derived cells representing 

5%–20% of circulating lymphocytes and actively participate 

in antiviral and antitumor responses.17 They express killer cell 

immunoglobulin receptors, cellular adhesion molecules, and 

multiple cytokine receptors (eg, receptors for IL12, IL15, and 

IL18).18 NK cells can produce several cytokines with antitumor 

effects (ie, IFNγ, TNFα, and MIP-1α) and cytolytic granules 

that contain perforin and granzymes.19 The function of NK 

cells depends on an intricate balance between activating and 

inhibitory receptors which can bind ligands present on target 

cells. Inhibitory receptors include the killer immunoglobulin-

like receptors, CD94/NKG2A, and ILT2/CD85j.20 The primary 

activating receptors of NK cells are the natural cytotoxicity 

receptors (NCRs: NKp46, NKp30, NKp44, NKG2D, and 

DNAM-1).21 NK cells also express the FcγRIIIa (CD16) recep-

tor, an intermediate-affinity activating receptor that recognizes 

the Fc region of IgG. This receptor is critical in mediating 

antibody-dependent cellular cytotoxicity against antibody-

coated targets.22 The prognostic value of NK cells has been 

explored in solid tumors including BC.23,24 Peripheral NK cell 

counts differ among different BC phenotypes or subtypes.25 

An analysis in early-stage BC of the activating NK cell recep-

tor NKG2D ligand MIC-A/B and ULBP1-5 revealed that its 

expression increases relapse-free survival.26

Previously, in comparative analysis of NK cell receptor 

expression, we determined that most receptors were similarly 

expressed in healthy donors (HDs) and BC patients. How-

ever, NK cells from BC patients displayed higher dispersion 

in expression levels and a loss of the normal distribution 

typically observed for HD receptors. PB NK cells from BC 

patients tended to overexpress inhibitory receptors, such as 

killer immunoglobulin-like receptors CD158a/h, CD158b, 

and NKG2A, and underexpress activating receptors, such 

as NKp30, CD161, and DNAM-1.27 In the present study, 

looking for prognostic immune markers, we analyzed PB 

cells, including innate and adaptive populations and NK cell 

phenotype, from early-stage BC patients and investigated 

their correlation with clinical outcomes.

Materials and methods
Patients
Eighty-five BC patients treated at the Alexander Fleming 

Institute were recruited at diagnosis between April 2011 

and July 2014. Blood samples were collected during surgery 

and before administration of any treatment. Patients were 

classified according to the American Joint Committee on 

Cancer staging classification or into four groups according to 

pathological tumor characteristics based on hormonal recep-

tors, HER-2 overexpression, and Ki-67 index: luminal A, 

luminal B, Her2+, and triple negative (Table 1). All subjects 

gave written informed consent, and the study was approved 

by the Institutional Review Board (Comité de Ética en 

Investigación del Instituto Alexander Fleming – Disposition 

DI-2015-219-DGDOIN).

complete blood cell count (cBc) and 
flow cytometry analysis of PB
Neutrophils, lymphocytes, and monocytes were evaluated by 

an automated CBC from PB samples. The number of samples 

differs in the various analyses. PB mononuclear cells (PBMCs) 

Table 1 Baseline characteristics

Characteristics Number (%)

number of patients 85
Follow-up (months)a 38.6 (29.4–60.1)
age (years)a 56 (44–66)
Breast tumor size (cm)a 1.7 (1.15–2.9)
stage at diagnosis

i 49 (57.7)
ii 29 (34.1)
iii 7 (8.2)

histologic subtypes
Ductal 67 (78.8)
lobular 12 (14.1)
Ductolobular 5 (5.9)
Other 1 (1.2)

histologic grade
1 19 (22.4)
2 45 (52.9)
3 21 (24.7)

hormonal receptors
estrogen receptora 67 (43–88)
Progesterone receptora 50 (5–70)

Ki67 (n:76)a 9 (5–16)
high (.20) 11 (14.5)

lymphovascular invasion 51 (59.3)
Tumor phenotype

luminal a 50 (58.8)
luminal B 20 (23.5)
luminal her2 6 (7.1)
her2 4 (4.7)
Triple negative 5 (5.9)

lymph nodes metastasis 32 (37.6)
Postsurgical treatment

hormonotherapy 70 (82.4)
chemotherapy 47 (55.3)

Note: aMedian number (interquartile range).
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were isolated through Ficoll–Paque density gradient (GE 

Healthcare, Little Chalfont, UK). For T lymphocyte, NKT 

cell, and NK cell phenotyping, 2.0×105 PBMC were incu-

bated with the appropriate Abs: FITC-conjugated anti-CD3 

(Clone UCHT1), APC-conjugated anti-CD56 (Clone B159) 

and anti-CD69 (Clone FN50), PE-conjugated anti-NKG2D 

(Clone 1D11), anti-NKp30 (Clone p30-15), anti-NKp44 

(Clone p44-8.1), anti-NKp46 (Clone 9E2/Nkp46), anti-

CD16 (Clone 3G8), anti-DNAM-1 (Clone DX11), anti-CD94 

(Clone HP-3D9), anti-CD161 (Clone DX12), anti-CD158a 

(Clone HP-3E4), anti-CD158b (Clone CH-L), and anti-

CD85j (Clone GHI/75) (all purchased at BD PharMingen, 

Franklin Lakes, NJ, USA) or PE-conjugated anti-NKG2A 

(Clone131411) (R&D Systems, Minneapolis, MN, USA) for 

30 min at 4°C. The percentage of T lymphocyte, NKT cell, 

and NK cell population was selected based on the CD3 and 

CD56 expression of gated lymphocytes, according to for-

ward-side scatter, as indicated in Figure S1. The total number 

of cells of these populations was extrapolated combining 

CBC and flow cytometry data. All samples were acquired 

on a BD FACS Calibur using Cellquest Pro software (BD 

Biosciences) and analyzed with FlowJo 7.6.2 software (Tree 

Star, Inc., Ashland, OR, USA).

statistical analysis
Comparisons of continuous variables between clinical 

groups (relapsed and nonrelapsed) were performed using 

Wilcoxon rank sum test or Student’s t-test depending on 

sample distribution. χ2 test was used to estimate the asso-

ciation between categorical variables. Uni- and multivariate 

analyses were carried out to assess the effect of prognostic 

variables on relapse. Disease-free survival (DFS) was defined 

as the interval between the date of surgery of BC to the first 

locoregional failure and/or distant relapse, second invasive 

primary, or death. Kaplan–Meier graphs were used to esti-

mate DFS, and univariate differences in DFS were compared 

with log rank test. In all figures, data are represented using 

the median ± interquartile range. Reported p-values are 

two-tailed, and p,0.05 was considered significant. Statisti-

cal analysis was performed using Stata14 (StataCorp LLC, 

College Station, TX, USA) and GraphPad v5.00 (GraphPad 

Software, Inc., La Jolla, CA, USA).

Results
Patient characteristics and outcome
Patients were enrolled between April 2011 and July 2014. 

Eighty-five patients fulfilled the eligibility criteria as 

described in Table 1. Univariate analysis showed that the 

clinicopathological factors associated with recurrence were 

positive lymph nodes (p=0.014), lymphovascular invasion 

(LVI) (p=0.007), and TNM stage (p=0.024) (Table 2).

nonrelapsed patients present higher total 
lymphocyte and T lymphocytes number
CBC was performed in only 41 patients. As is shown in 

Figure 1, nonrelapsed (NR) patients had a higher absolute 

count of total lymphocytes than relapsed (R) patients 

(R median 1,204 vs NR median 1,948; p=0.036), but not a 

higher percentage. Moreover, T lymphocyte absolute count, 

not frequency, was also augmented in NR patients (total T 

number: R median 713 vs NR median 1,268; p=0.019). In 

contrast, there was no difference between NR and R patients 

in leukocyte (not shown), neutrophil, and monocyte absolute 

counts or proportion (Figure 1).

Decreased nlr is associated with 
prolonged DFs
Pretreatment NLR association with clinical and pathological 

variables was evaluated first. No relation was found with 

age (p=0.84), tumor size (p=0.06), stage (p=0.11), lymph 

node status (p=0.51), tumor grade (p=0.56), Ki-67 (p=0.24), 

or LVI ( p=0.97). We performed ROC analysis (100% 

sensibility and 45% specificity, AUC 0.71), and classified 

patients’ NLR as high ($2) or low (,2). Patients with a 

NLR $2 presented a significantly lower DFS (5-year DFS: 

100% vs 69.55%, p=0.048; Figure 2) and a tendency toward 

higher recurrence risk (p=0.058; data not shown).

nK cell expression of activation receptor 
cD69 is associated with recurrence and 
longer DFs
NK cell population was studied specifically because, pre-

viously, in the same study population we observed that 

there was a significantly higher proportion of NK cells in 

BC PBMC compared to HD.27 Absolute count and relative 

Table 2 Univariate analysis of clinical and pathological 
characteristics associated with recurrence

Characteristic RR (95% CI) p-value

Positive axillary lymph nodes 3.53 (1.19–10.43) 0.014
lymphovascular invasion 8.25 (1.12–60.76) 0.007
TnM stage (2–3 vs 1) 3.23 (1.09–9.60) 0.024
Tumor size (#2 cm vs .2 cm) 2.08 (0.78–5.59) 0.14
histologic grade (3 vs 1–2) 1.78 (0.66–4.82) 0.26
luminal phenotype 1.33 (0.33–5.38) 0.68
Ki67 ($20% vs ,20%) 1.81 (0.56–5.85) 0.39

Abbreviations: CI, confidence interval; RR, relative risk.
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frequency of NK and NKT cells did not differ between NR 

and R patients (Figure 3A).

To evaluate the NK cell phenotype, we analyzed the 

expression of both activating and inhibitory receptors, includ-

ing NKG2D, DNAM-1, NKp30, NKp44, NKp46, and CD69, 

and CD161, CD94, NKG2A, and CD85J, respectively. Patients 

were classified as “high” or “low” if the NK cell receptor 

expression analyzed was above or below the median value of 

the study population. The only receptor that associated with 

prognostic variables was activation marker CD69. We found 

that PB NK cells from R patients expressed lower levels of 

CD69 than NR patients (p=0.047; Figures 3B and S2). This 

association was also reflected in a prolonged DFS in patients 

with high expression of the CD69 receptor (5-year DFS 

high 87.70% vs low 63.75%, p=0.045; Figure 3B).

Figure 1 Total lymphocytes and T lymphocytes differences in r and nr patients.
Notes: Bars show median PB cells absolute number (upper panel) and percentage (lower panel), from r (gray) and nr (white) patients. Wilcoxon rank sum test was 
performed. Significant p-values are shown in the graph.
Abbreviations: nr, nonrelapsed; PB, peripheral blood; r, relapsed.

Figure 2 nlr association with DFs.
Notes: nlr variable was dichotomized as high ($2) or low (,2). Patients with a 
nlr $2 presented a significantly lower DFS (5-year DFS: 100% vs 69.55%, p=0.048) 
and a tendency toward higher recurrence risk (p=0.058). Significant p-value is shown 
in the graph. low nlr is depicted with a red line and high nlr with a black line.
Abbreviations: DFs, disease-free survival; nlr, neutrophil to lymphocyte ratio.
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Discussion
Individual risk of tumor recurrence differs considerably 

between patients with early-stage BC. Several intrinsic patho-

logic and molecular tumor factors have been described as 

being prognostic and/or predictive.28 Despite the importance 

of the immune system in tumor surveillance, immunologi-

cal parameters are not routinely used during the therapeutic 

decision-making process. Here, we described immunological 

characteristics associated with higher recurrence risk in early-

stage BC patients. The importance of determining immune 

markers relies on the fact that in early-stage BC, administra-

tion of adjuvant treatment depends on the predicted recurrence 

risk. Characteristic pathologic parameters used in the decision-

making process are lymph node involvement, histologic 

grade, tumor size, LVI, estrogen and progesterone receptor 

expression, Her2 overexpression, and Ki-67 index.2 Molecular 

platforms such as Oncotype® (Genomic Health, Inc., Redwood 

City, CA, USA) or Mammaprint® (Agendia, Amsterdam, the 

Netherlands) are used in selected cases to evaluate the likeli-

hood of recurrence more accurately.29 In our study population, 

we found axillary lymph node involvement, TNM stages, and 

LVI to be associated with tumor recurrence.

The importance of immune surveillance in determining 

the prognosis of various types of cancers is increasingly 

recognized, but the mechanisms underlying the immune 

defects noticed in cancer patients have not been fully eluci-

dated. The innate and adaptive immune responses modulate 

tumor growth and progression.4 To assess the prognostic 

impact of PB cells, we performed CBC. In this study, we 

determined that NR patients showed a higher absolute count 

of total lymphocytes, augmented total T lymphocytes num-

ber, and a lower NLR than NR patients. These observations 

could be evidence of adaptive immune surveillance in BC 

patients’ PB. On the other hand, we did not find differences 

in the total numbers of leukocytes, neutrophils, or monocytes. 

The prognostic impact of NLR in neoplastic disease has been 

shown previously in several tumor models.8–14 Consistent 

with prior evidence, we found that high NLR was associated 

with higher recurrence and a lower DFS.

The association between high NLR and poor prognosis is 

probably complex and largely unclear, but, as a multifactorial 

process, there are several possible explanations. The mecha-

nism that links tumor and host biology remains uncertain. 

However, recent studies have proposed potential mediators 

linking the tumor and host interaction (deeply reviewed 

by Guthrie et al8). In this sense, a high NLR may reflect 

the key role of systemic inflammation in enhancing angio-

genesis, tumor growth, and development of metastasis. 

Figure 3 nK cells analysis in r and nr patients.
Notes: (A) Bars show median nK cells and nKT cells absolute number (up) and percentage (down) from r (gray) and nr (white) patients. There is no difference between 
r and nr patients. (B) Patients were classified as CD69 “high” or “low” expression in relation to population median (1.7%). NK cells from R patients expressed lower CD69 
than nr (p=0.047). This association was also reflected in DFS (5-year DFS high 87.70% vs low 63.75%, p=0.045). χ2 and log rank test were performed, respectively. Significant 
p-value is shown in the graph. in Kaplan–Meier curve, cD69 high was depicted with a red line and cD69 low with a black one.
Abbreviations: DFs, disease-free survival; nK, natural killer; nr, nonrelapsed; r, relapsed.
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Important associations between the NLR and other markers 

of the systemic inflammatory response were described in 

patients with operable cancer, in particular with elevated 

C-reactive protein and hypoalbuminemia. Also, several stud-

ies have undertaken measurements of circulating cytokines 

together with the NLR.30,31

Neutrophils may inhibit the immune system, by suppress-

ing the cytolytic activity of lymphocytes, NK cells, and acti-

vated T-cells.32 On the other hand, a low lymphocyte count has 

been associated with poor outcomes in patients with advanced 

cancer attributed immunity, with the destruction of host 

cancer cells.33 It is plausible that host cell-mediated immunity 

continues to exert important effects on the destruction of any 

residual tumor cells and micrometastases.34 Tumor infiltration 

by lymphocytes has been reported to indicate the generation of 

an effective antitumor cellular immune response and increased 

lymphocyte infiltration correlated with a better prognosis.32

Particularly in BC, Noh et al16 found that patients with an 

elevated pretreatment NLR showed poorer disease-specific 

survival than patients without elevated NLR, most evident in 

the luminal A subtype. More recently, a significant correla-

tion between high NLR and worse prognosis in Caucasian 

patients with early BC was characterized by Orditura et al.35 

Moreover, low NLR may indicate high efficacy and favorable 

outcome after neoadjuvant chemotherapy in patients with 

triple-negative BC.36

Our NLR cutoff value ($2) was calculated using a ROC 

analysis. We consider that ROC analysis is the most appropri-

ate approach, and it is in agreement with the value of 1.97 

used by Orditura et al.35 Two variables could influence the 

relative low NLR cutoff value compared with Asano et al36 

and Noh et al.16 First, the low proportion of triple-negative 

BC patients included in our study population, and second, 

the Latin American ethnic composition that has not been 

previously evaluated.

Human NK cells exert effector functions such as cytotoxic 

activity and cytokine production in antiviral and antitumor 

responses.17 A pioneering study in human populations reported 

that medium and high cytotoxic activity of PB lymphocytes 

is associated with reduced cancer risk, whereas low activity 

is linked to increased cancer risk.37 Since then, the prognostic 

value of NK cells has been explored in solid tumors.23 A high 

count of CD56+NK cells in prostate cancer after androgen 

deprivation therapy was associated with a good prognosis,38 

and there was an inverse correlation between the density of 

CD56+NK cells and seminal vesicle invasion.23 Even though 

we previously observed that there were a significantly higher 

proportion of NK cells in BC PBMC as compared to HD,27 

we did not find any association between the relative number 

of NK cells and patients’ prognosis. Moreover, we did not 

find differences in absolute numbers in NKT population 

between R and NR patients. We also analyzed a panel of NK 

cell receptors finding no trait associations with recurrence, 

except for CD69. These were striking results because our 

and other researchers’ data did find an association between 

NK cell receptor expression and patients’ outcome. NKp30 

status was described as a simple and early prognostic bio-

marker that identifies intermediate-risk patients with poor 

prognosis in patients with intermediate-risk acute myeloid 

leukemia.39 Recently, we also described that NKp46 recep-

tor expression correlated with relapse-free survival of CRC 

patients upon a maximum follow-up of 71 months.40 CD69 

is not usually expressed on resting cells, but it is one of the 

earliest activation markers expressed on the cell surface of 

T lymphocytes.41 CD69 is rapidly induced on NK and other 

hemopoietic cells in response to cytokines or other activating 

stimuli42,43 and has been shown to induce cytotoxic activity 

and costimulate cytokine production of activated NK cells 

and T-cell clones.41,44,45 It thus represents one of the recep-

tors that endow activated NK cells with new recognition 

capability in the context of natural killing activity.41,44,46–48

It has been described that CD69-mediated NK cytotoxic-

ity can be abrogated by the CD94 inhibitory receptor.49 In 

our data set, there is no correlation between the expression of 

CD69 and CD94 (Pearson -0.19). There is also no difference 

between the CD94 mean expression between NK cells with 

CD69 high or low. Patients with high expression of CD69 

did not present more recurrence if CD94 expression was 

high (data not shown).

An increase in CD69 may represent an immunoreac-

tive phenotype. In fact, the expression is accompanied by 

an enhanced cytotoxicity against various target cells.50 

Moreover, it was reported in patients with BC and ovarian 

cancer that the increase of CD69 after immunotherapy was 

associated with better survival.51 Thus, our results revealed 

that patients with higher CD69 expression had longer 

DFS compared to patients with lower receptor expression. 

However, further validation work and feasibility study are 

required before the results of this study can be considered 

for clinical use.

It has been broadly described how tumors act systemically 

to sustain cancer progression, affecting physiological pro-

cesses in the host and triggering responses in the PB cells.52 

The PB cells monitor the body’s physiological status and 

modify their immune phenotype in response to pathological 

changes.53,54 In particular, immune cell dysfunctions have 

been found in BC patients.55 This present study showed that 
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high NLR is a prognostic factor for DFS in early-stage BC 

patients using easily accessible PB samples. This finding is 

explained, at least partially, by a higher number and propor-

tion of total and T lymphocytes. Furthermore, an activated 

NK cell phenotype was correlated with a longer DFS inter-

val. Further prospective studies are therefore warranted 

to confirm these preliminary results and to investigate the 

correlations between BC characteristics and NLR and NK 

cell phenotype.
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Figure S1 gating strategy.
Notes: The percentage of T lymphocyte, nKT cell, and nK cell population were selected based on the cD3 and cD56 expression of gated lymphocytes, according to 
forward-side scatter (A) and cD45 expression (B). The nK cell phenotype was analyzed on cD3-cD56+ population (C). as an example, this graph shows the nK-cD16+ 
cells (D).
Abbreviations: Fsc, forward-scatter; nK, natural killer; ssc, side-scatter.

Supplementary materials
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Figure S2 cD69 density plots.
Notes: representative cD69 density plots of patients with cD69low (C) and cD69high (D), evaluated on cD3–cD56+ (nK cells) population. isotype controls are depicted 
in (A) and (B).
Abbreviation: nK, natural killer.
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