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Abstract

Backgrounds The neutrophil–lymphocyte ratio (NLR) is a simple and low-cost index that may be a benchmark for

systemic inflammatory response and antitumor immunity. The goal of the study was to investigate the prognostic

value of preoperative NLR in patients with lung adenocarcinoma after complete resection.

Methods The subjects were 361 consecutive patients with lung adenocarcinoma who underwent complete resection

between 2000 and 2009. Perioperative clinical and laboratory data were evaluated retrospectively. The cohort was

divided using the cut-off value for preoperative NLR identified in receiver operating characteristic analysis. Cor-

relations of NLR with clinicopathological characteristics and prognosis were examined.

Results A high NLR was significantly correlated with a smoking history[10 pack-years (p = 0.023), pathological

stage II or III (p\ 0.001), lymphatic invasion (p = 0.003), and pleural invasion (p = 0.039). In univariate analysis,

the high NLR group had significantly lower 5-year overall survival (86.0 vs. 77.1 %, p\ 0.001) and 5-year

recurrence-free survival (75.1 vs. 59.9 %, p\ 0.001). Multivariate analysis showed that NLR was an independent

prognostic factor (hazard ratio 1.822, 95 % confidence interval 1.133–2.931, p = 0.013).

Conclusion These results show that preoperative NLR is an independent prognostic factor in patients with lung

adenocarcinoma after complete resection. NLR may reflect host immunity and systemic inflammation that facilitates

tumor growth.

Abbreviation

NSCLC Non-small cell lung cancer

NLR Neutrophil–lymphocyte ratio

CT Computed tomography

PET/CT Positron emission tomography scan and CT

scan

ROC Receiver operating characteristics

OS Overall survival

RFS Recurrence-free survival

AUC Area under the curve

Introduction

Non-small cell lung cancer (NSCLC) is the leading cause

of cancer-related death worldwide [1]. Among NSCLCs,

cases of lung adenocarcinoma have gradually increased
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and now accounts for almost 40 % of NSCLCs in devel-

oped countries [2]. Surgical resection, if possible and

appropriate, is the only curative treatment for NSCLC.

However, despite recent progress in diagnostic and thera-

peutic approaches, approximately 50 % of NSCLC cases

have tumor recurrence or death after complete resection [3,

4]. These patients may have occult metastasis at the time of

surgery and a tumor microenvironment that facilitates

cancer progression. Thus, a more accurate prognostic and

therapeutic marker is required that reflects this kind of

microenvironment.

The neutrophil–lymphocyte ratio (NLR) has been pro-

posed as a simple and low-cost prognostic marker in var-

ious cancers, and may be a benchmark for a systemic

inflammatory response and antitumor immunity [5]. In the

current work, we examined the potential role of NLR as a

prognostic factor in lung adenocarcinoma. We note that

there are many biological differences between lung ade-

nocarcinoma and NSCLCs with other histology, in terms of

driver gene mutations [2], expression of anticancer

immunity-related molecules [6–8], and characteristics of

the tumor infiltrative lymphocyte [9, 10]. Given this

background, we hypothesized that the prognostic signifi-

cance of preoperative NLR in adenocarcinoma may differ

from that in NSCLCs with other histology. Thus, the aim of

this study was to examine whether preoperative NLR is a

prognostic factor in patients with completely resected lung

adenocarcinoma.

Patients and methods

The subjects were patients who underwent surgical resec-

tion for primary lung adenocarcinoma at the Tokyo

Metropolitan Cancer and Infectious Disease Center

Komagome Hospital between January 2000 and March

2009. Patients who underwent limited resection were

excluded. Informed consent was obtained from all patients

and the study was approved by the Institutional Review

Board.

Clinicopathological data were collected from medical

records of each patient. Uniform preoperative evaluations

included a physical examination, blood chemistry analysis,

measurement of tumor markers, bronchoscopy, chest

radiography, computed tomography, brain MRI, and bone

scintigraphy. Since 2004, integrated positron emission

tomography and a CT (PET/CT) scan has also been per-

formed if appropriate. Patients underwent lobectomy,

bilobectomy, or pneumonectomy with systematic lymph

node dissection for complete resection of the primary

lesion. If necessary, combined resection of organs with

tumor invasion was also performed. The preoperative NLR

was calculated based on blood counts performed within a

week before surgery in each patient.

Pathology reports were also reviewed. Cases were

diagnosed according to the current World Health Organi-

zation histological classification [11] and were staged

according to the Seventh Edition of the Tumor Node

Metastasis Classification of the International Union

Against Cancer [12]. Vascular invasion was diagnosed by

identifying conspicuous clusters of intravascular cancer

cells surrounded by an elastic layer with Victoria Blue van

Gieson staining. Lymphatic invasion was defined as the

presence of clusters of tumor cells within the lymphatic

endothelial lining in lumen with a close relationship with

venous vessels. In cases with unclear findings, immuno-

histochemical staining using antibodies specific for

endothelial cells (CD31 and D2-40; Dako, Glostrup, Den-

mark) was performed.

Based on the postoperative follow-up policy of our

department, we examined patients at 3-month intervals for

the first 3 years and typically at 6-month intervals there-

after on an outpatient basis, with the aim of continuing

follow-up for 10 years after surgery. Patients were rou-

tinely evaluated using physical examinations, chest radio-

graphy, chest CT, and blood examinations, including serum

tumor markers, on an outpatient basis. If symptoms or

signs of recurrence were detected, further examinations

were performed, including CT of the chest and abdomen,

brain MRI, bone scintigraphy, and PET/CT. Lesions that

were suspected to be possible recurrence were subjected to

biopsy for histological confirmation, if necessary.

The optimal cut-off value for NLR as a prognostic factor

was defined as the closest point to the upper left-hand

corner on a receiver operating characteristic (ROC) curve.

Cut-off values for age during surgery and smoking history

were determined as the respective medians of the cohort.

The cut-off point for serum CEA was 5.0 ng/ml (based on

the manufacturer’s instructions in the kit). Overall survival

(OS) was measured from the date of surgery to the date of

death from any cause or the date on which the patient was

last known to be alive. Survival curves were plotted using

the Kaplan–Meier method and comparisons were made by

log-rank test in univariate analysis. The recurrence-free

survival (RFS) time was measured as the interval between

the date of surgery and the date of recurrence, the date of

death from any cause, or the most recent date on which the

patient was last known to be alive. To identify independent

prognostic factors, multivariate analysis was conducted

using a Cox proportional hazard model. Two-category

comparisons were performed by Fisher exact test for cat-

egorical variables. All tests were two-sided and p val-

ues\ 0.05 were considered to be significant. All statistical

analyses were performed using SPSS (ver. 22; SPSS Inc.,

Chicago, IL).
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Results

A total of 361 consecutive patients with complete medical

and follow-up data were included in the analysis. The study

cohort included 160 men (44.3 %) and 201 women

(55.7 %), and had a mean age of 68 years (range

19–87 years; standard deviation: 10.7 years). Of the 361

patients, 347 (96.1 %) underwent lobectomy, 11 (3.0 %)

underwent bilobectomy, and 3 (0.8 %) underwent pneu-

monectomy. There were total of 80 patients who received

adjuvant chemotherapy. 12 patients with stage IB disease

underwent oral UFT and 68 patients underwent cisplatin-

based chemotherapy. The median follow-up time was

69.0 months (range 2–166 months). The patients had a

mean neutrophil count of 3535 ± 1508/mm3, a mean

lymphocyte count of 1720 ± 1575/mm3, and a mean NLR

of 2.26 ± 1.53.

The optimal cut-off of NLR to test the predictive ability

for disease recurrence was determined from a ROC curve

(Fig. 1). The sensitivity and specificity for predicting

recurrence after resection were 65.6 and 66.9 %, respec-

tively, at a cut-off of 2.495 for NLR, with an area under the

curve (AUC) of 0.670. Thus, a cut-off of 2.5 for NLR was

used in the following analysis.

A comparison of clinicopathological factors in cases

with high and low NLRs (Table 1) showed that patients

with a smoking history C10 pack-years (p = 0.023),

pathological stage II or III (p\ 0.001), lymphatic invasion

(p = 0.003), and pleural invasion (p = 0.039) were sig-

nificantly more common in the high NLR group. In a

univariate prognostic analysis using the Kaplan–Meier

method (Table 2), the clinically significant survival pre-

dictors were gender (male vs. female, p = 0.007), smoking

history (\10 vs. C 10 pack-years, p = 0.042), pathological

stage (I vs. II–III, p = 0.004), lymphatic invasion (absence

vs. presence, p\ 0.001), vascular invasion (absence vs.

presence, p\ 0.001), pleural invasion (absence vs. pres-

ence, p\ 0.001), and NLR (\2.5 vs. C2.5, p\ 0.001).

High NLR was associated with poorer OS (5-year OS,

86.0 % for low NLR vs. 77.1 % for high NLR; p\ 0.001;

Fig. 2a). In addition, high NLR was also associated with

poorer RFS (5-year RFS, 75.1 % for low NLR vs. 59.9 %

for high NLR; p\ 0.001; Fig. 2b).

To determine whether NLR was an independent signif-

icant prognostic factor, a multivariate analysis was per-

formed, using the seven factors shown to be significant

survival predictors in univariate analysis as covariates in

the Cox proportional hazard model. The results (Table 3)

Fig. 1 Receiver operating characteristic (ROC) analysis of the

predictive ability of NLR for disease recurrence. An NLR value of

2.495 corresponded to a sensitivity of 65.6 % and specificity of

66.9 %, with an estimated area under the curve of 0.670 on the ROC

plot

Table 1 Correlations between NLR and clinicopathological factors

Factors NLR\ 2.5 NLR C 2.5 p valuea

Age

\68 years 150 50 0.549

C68 years 116 45

Gender

Male 114 46 0.400

Female 152 49

Smoking history

\10 pack-years 146 39 0.023

C10 pack-years 120 56

Serum CEA level (mg/dL)

\5.0 207 70 0.479

]5.0 59 25

Pathological stage

I 221 58 \0.001

II–III 45 37

Lymphatic invasion

Absence 215 62 0.003

Presence 51 33

Vascular invasion

Absence 188 60 0.198

Presence 78 35

Pleural invasion

Absence 191 57 0.039

Presence 75 38

a Log-rank test NLR neutrophil–lymphocyte ratio, CEA carcinoem-

bryonic antigen
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showed that pathological stage II-III (hazard ratio

(HR) = 2.018, 95 % confidence interval (CI) 1.185–3.436,

p = 0.010), pleural invasion (HR = 2.289, 95 % CI

1.353–3.874, p = 0.002), vascular invasion (HR = 2.433,

95 % CI 1.432–4.132, p = 0.001), and NLR C 2.5

(HR = 1.822, 95 % CI 1.133–2.931, p = 0.013) were

independent prognostic factors.

In addition, we analyzed the correlation between NLR

and the initially observed recurrence site to investigate

whether NLR could influence disease recurrence patterns,

(Table 4). In total, 100 (27.7 %) patients had disease

recurrence, 42 cases with NLR C 2.5 and 58 cases with

NLR\ 2.5. Contralateral lung was the most common site

of distant metastasis in both the low NLR group (18 of 34)

and high NLR group (16 of 29). Among the patients who

developed recurrences, 34 patients with NLR\ 2.5 and 29

patients with NLR C 2.5 developed distant metastases

(including patients with both distant and locoregional

recurrence). The proportion of patients who developed

distant metastases was significantly higher in the high NLR

group than in the low NLR group (p\ 0.001, v2 test). On

the other hand, the proportion of patients who developed

locoregional recurrence was not significantly different

between the two groups (p = 0.236).

Discussion

The results of the study clearly show that increased pre-

operative NLR in the peripheral blood is an independent

prognostic factor for OS and RFS after complete resection

of lung adenocarcinoma. To the best of our knowledge, this

is the first report to show that NLR is an independent

prognostic factor in a population limited to patients with

lung adenocarcinoma.

An increased pretreatment NLR is correlated with a poor

prognosis in patients with gastric cancer [13], breast cancer

[14], colorectal cancer [15], pancreatic cancer [16], renal

cell carcinoma [17], and soft-tissue sarcoma [18].

Increased preoperative NLR is also associated with higher

tumor stage and is an independent predictor of survival in

resected NSCLC [19–21]. Our results are consistent with

these studies, in which the cohorts were more diverse

populations with surgically resected NSCLC. In a previous

study, we found that NLR of patients with adenocarcinoma

was significantly lower than that for other histology.

Procter et al. also found that the prognostic value of NLR

varied according to tumor histology and origin in patients

with various types of cancer [5]. In the current study, we

also found a significant correlation of NLR with histolog-

ical invasive factors of tumors, such as higher pathological

stage and presence of vascular and pleural invasion, which

are widely accepted as poor prognostic factors. The greater

proportion of the distant recurrence as an initial recurrence

site could partly support to explain the unfavorable out-

come of high NLR cases, which agrees our previous data

[22]. This could partly explain the worse prognosis of the

high NLR cases. On the other hand, we should note that the

multivariate analysis in this study revealed that the prog-

nostic impact of the preoperative NLR was lesser than that

of pathological stage, pleural invasion, and vascular inva-

sion in the current cohort.

The tumor microenvironment is a major contributor to

tumor progression, along with the genetic characteristics of

the tumor, and is mainly influenced by inflammatory cells

including leukocytes [23]. Each step of tumor progression,

including proliferation, migration, inhibition of apoptosis,

and promotion of angiogenesis, is affected by inflammatory

cells [15, 24, 25]. The abnormal phenotype of the tumor

may also stimulate infiltration of inflammatory cells into

Table 2 Univariate prognostic analysis by Kaplan–Meier methods

Factors Patient

No.

5-year overall survival

(%)

p valuea

Age

\68 y/o 200 83.3 0.732

]68 y/o 161 80.1

Gender

Male 160 87.8 0.007

Female 201 74.6

Smoking history

\10pack-years 185 83.2 0.042

]10pack-

years

176 77.3

Serum CEA level

\5.0 mg/dL 327 81.7 0.981

]5.0 mg/dL 34 81.7

Pathological stage

I 279 85.5 0.004

II–III 82 62.5

Lymphatic invasion

Absence 277 88.0 \0.001

Presence 84 62.3

Vascular invasion

Absence 248 89.6 \0.001

Presence 113 65.3

Pleural invasion

Absence 248 88.8 \0.001

Presence 113 67.1

NLR

\2.5 266 86.0 \0.001

C2.5 95 71.1

a Log-rank test NLR neutrophil–lymphocyte ratio, CEA carcinoem-

bryonic antigen
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tissues around the tumor, which facilitates tissue destruc-

tion, and subsequent disruption caused by the physical

neoplastic growth may trigger more generalized and non-

specific inflammatory responses [26]. As a consequence of

these inflammatory processes, neutrophils increase and

lymphocytes decrease, resulting in an increased NLR with

cancer progression [27]. Thus, the NLR is a simple and

reliable predictor of survival in patients with cancer [28].

The significant association of an increased NLR with poor

OS and poor RFS found in the current study suggests that

NLR has oncological relevance and that an increased NLR

may reflect a microenvironment facilitating disease pro-

gression in patients with lung adenocarcinoma.

An increased NLR has also been associated with out-

come in patients with myocardial infarction undergoing

coronary intervention [29, 30], chronic kidney disease [31],

chronic critical limb ischemia [32], and cerebral stroke

[33]. An increased NLR may reflect an inflammatory

response and subsequent weakened immune system, which

may affect the prognosis of many diseases. Thus, the NLR

might be a benchmark of the general condition of patients.

In this study, we set the cut-off value for NLR at 2.5,

similar to two previous studies [21, 34], but lower than the

value of 5 used in two other studies [19, 20]. Interracial

differences in NLR may influence this cut-off, and we have

also found differences in NLR according to histology in

our previous analyses (data not shown). Thus, we identified

an optimal cut-off of 2.5 in the current cohort using a ROC

curve to test the predictive ability of NLR for cancer-

specific death. This methodological precision is an

advantage of the current study prior to previous studies,

although linearity of the ROC curve was not investigated.

Moreover, the most appropriate cut-off value is still not

fully established and the current value could be viewed as

Fig. 2 Kaplan–Meier survival curves. a The 5-year overall survival

rates of patients with low NLR (\2.5) and high NLR (C2.5) were

86.0 and 77.1 %, respectively, and OS in low NLR cases was

significantly longer than that in high NLR cases (p\ 0.001). b The

5-year RFS rates of patients with low NLR and high NLR were 75.1

and 59.9 %, respectively, and RFS in patients with low NLR was

also significantly longer than that in patients with high NLR

(p\ 0.001)

Table 3 Multivariate prognostic analysis by Cox proportional hazard model

Variables Favorable Unfavorable Hazard ratio 95 % CI p valuea

Gender Female Male 1.067 0.656–1.734 0.794

Smoking history \10 pack-years C10 pack-years 1.393 0.845–2.229 0.194

Pathological stage I II–III 2.018 1.185–3.436 0.010

Lymphatic invasion Absence Presence 1.503 0.852–2.645 0.160

Pleural invasion Absence Presence 2.289 1.353–3.874 0.002

Vascular invasion Absence Presence 2.433 1.432–4.132 0.001

NLR \2.5 C2.5 1.822 1.133–2.931 0.013

a Cox proportional hazard model NLR neutrophil–lymphocyte ratio, CEA carcinoembryonic antigen
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arbitrary because we also did not validate the results in

different cases. Further work is necessary for the validation

of the cut-off value.

To our knowledge, this is the first report showing a

prognostic implication of the NLR in a population limited

to cases of lung adenocarcinoma. The findings suggest that

the prognostic value of NLR in lung adenocarcinoma is

similar to that in all NSCLCs, in contrast to our original

hypothesis. Expression levels of several molecules related

to immunity [8, 35, 36] and characteristics of the tumor-

infiltrative lymphocyte [10, 37, 38] in patients with lung

cancer support our findings. A treatment strategy according

to histological type has recently been established [39],

which permits the prognostic significance of several factors

to be investigated depending on histological type [36, 40,

41]. This background supports the finding that the NLR,

which may reflect inflammatory response and immune

status, can predict both OS and RFS in patients with ade-

nocarcinoma. Thus, accurate risk stratification using pre-

operative NLR according to histology may help with

treatment selection. However, the relationship of inflam-

mation and immunity with tumor progression requires

further evaluation to identify predictors of survival in

patients with lung adenocarcinoma.

It would be of greater concern whether adjuvant

chemotherapy can be beneficial for high NLR patients.

Thus, we tried to analyze the outcome in high NLR cases

and we could not find the significant difference between

patients who underwent adjuvant chemotherapy and who

did not in both Stage IB and Stage II or III cases (Sup-

plemental Fig. 1). However, the number of patients in each

group was very small that there were only 3 of stage IB

patients who underwent adjuvant chemotherapy and 4 of

stage II or III patients who did not undergo adjuvant

chemotherapy among the high NLR cases. There were also

significant differences of histological invasive factors

including lymphatic invasion, vascular invasion, and

pleural invasion, between patients who underwent adjuvant

chemotherapy and those who did not undergo adjuvant

chemotherapy (Supplemental Table 1). Therefore, we

considered that it is not suitable to appropriately compare

the outcome between each subgroup in our cohort.

The two major limitations of the study were that it was

performed in a retrospective manner in a limited number of

patients, which might contribute to selection bias. There-

fore, the current data should be followed by further studies

with larger number of cases. In addition, values of NLR

may change according to time of measurement and medi-

cations, although we collected hematological data exclu-

sively within a week before surgery. Within these

limitations, our findings show the prognostic value of the

NLR for OS and RFS after complete resection of lung

adenocarcinoma. Thus, we conclude that the NLR is a

simple and readily available prognostic marker that pro-

vides an additional level of risk stratification. An increased

preoperative NLR is associated with a poorer prognosis and

more frequent distant metastasis in patients with lung

adenocarcinoma, and this provides useful information for

preoperative and postoperative management.
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