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Purpose: Although decreased natural killer cell activity (NKA) has been observed in many 

solid cancers, clinical implication of NKA has been scarcely investigated in lung cancer. The 

objective of this study was to evaluate the potential of using NKA to support diagnosis of non-

small cell lung cancer (NSCLC).

Materials and methods: We prospectively evaluated and compared peripheral blood NKA 

using a novel interferon-gamma releasing assay in healthy population (n=40), patients with 

benign lung disease (n=40), and those with NSCLC (n=71). We explored the correlation between 

NKA and clinical parameters and assessed diagnostic performance of NKA for NSCLC using 

receiver operating characteristic curve analysis.

Results: Median NKA values in healthy population, patients with benign lung disease, and 

those with NSCLC were 1,364.2, 1,438.2, and 406.3 pg/mL, respectively. NKA in NSCLC 

patients was significantly lower than that in the other two control groups (both P,0.001). At a 

cutoff value of NKA at 391.0 pg/mL, the area under the curve was 0.762 (95% CI: 0.685–0.838, 

P,0.001), with a sensitivity of 52.3%, a specificity of 91.0%, a positive predictive value of 

85.3%, and a negative predictive value of 65.4% for the diagnosis of NSCLC. Multivariate 

analysis demonstrated that diagnosis of NSCLC is the only clinical parameter that was signifi-

cantly associated with NKA (P,0.001).

Conclusion: This pilot study showed that patients with low NKA were more likely to have 

lung cancer. Further studies are warranted in order to establish the clinical utility of NKA test 

for diagnosing lung cancer.

Keywords: lung cancer, natural killer cell, interferon-gamma, diagnosis, ELISA

Introduction
Natural killer (NK) cells are subpopulation of lymphocytes that play a major role in 

antitumor immunity. NK cells not only directly eliminate tumor cells by releasing 

cytolytic granules, but also stimulate adaptive immune response by secreting various 

cytokines against tumor cells.1 NK cells are phenotypically defined by the expression 

of CD56 and lack of CD3 in their cell membrane. Human NK cells are divided into 

two subsets according to membrane density of CD16 and CD56. CD16+CD56dim cells 

comprise the majority of NK cells and exhibit cytotoxic activity while CD16-CD56bright 

cells account for the minority and secrete various cytokines, including interferon-

gamma (IFN-γ).2 The latter can also acquire potent cytotoxicity after they are activated 

by proinflammatory cytokines.3 Studies have shown that NK cell activity (NKA) is 

important for antitumor immune surveillance by suppressing tumor metastasis and 

outgrowth.4,5 Interestingly, NKA is decreased in several human cancers, showing 
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 negative correlation with tumor stage.6,7 Low NKA is associ-

ated with invasiveness of malignancy and high level of tumor 

recurrence and metastasis while high NKA is associated with 

favorable clinical outcome in various human cancers.8,9 A 

large epidemiologic study enrolling .3,600 Japanese general 

population with follow-up of 11 years has shown that low 

NKA is significantly associated with increased risk of cancer 

(all sites), suggesting the importance of immune surveillance 

by NK cells against cancer as well as the association between 

NKA and development of cancers.10

Traditionally, chromium 51 (51Cr) release assay or 

CD107a degranulation assay has been used to measure 

NKA. However, these methods are complex, expensive, 

and time consuming because they require isolation of 

peripheral blood mononuclear cells (PBMC) or NK cells 

from whole blood.11 To overcome these difficulties, an 

innovative in vitro diagnostic device, NK Vue® (ATGen, 

Seongnam, Korea) assay, has been recently developed 

and commercially used for the measurement of NKA. It 

simply measures IFN-γ secreted from NK cells as an indi-

cator of NKA using a small volume of whole blood.12 To 

stimulate NK cells ex vivo, this assay uses Promoca™, an 

engineered recombinant protein that can activate NK cells 

in the whole blood during incubation for 20–24 hours. In 

contrast to 51Cr release assay, which measures cytotoxic 

potential of CD16+CD56dim subset, this assay measures 

IFN-γ released from whole NK cell population, including 

both CD16-CD56bright and CD16+CD56dim subsets as well 

as the ability of these cells to amplify immune response to 

tumors.12 A few previous studies have demonstrated clinical 

utilities of this assay for the diagnosis or risk stratification of 

several cancers, including gastric, colorectal, and prostatic 

cancers.13–16 However, clinical implication of this assay in 

lung cancer patients has not been reported yet.

Previous studies have demonstrated impaired IFN-γ 

production and NK cell cytotoxicity as well as the associa-

tion between tumor-infiltrating NK cells subset CD57 and 

prognosis in lung cancer patients.17,18 Considering these 

findings, NKA might be useful for diagnosing or predicting 

prognosis of patients with lung cancer as for other tumors. 

Thus, the objective of this explorative study was to investi-

gate associations of NKA measured by NK Vue® assay with 

clinical parameters in lung cancer patients and determine its 

clinical utility for lung cancer diagnosis.

Materials and methods
study subjects and specimens
To compare NKA levels between lung cancer patients and 

cancer-free population, we prospectively enrolled healthy 

population, patients with benign lung disease, and non-small 

cell lung cancer (NSCLC) patients at Korea University 

Anam Hospital, between January 2016 and September 

2017 and measured NKA for all groups. Healthy population 

included those who underwent general medical examination 

in our institution. They had no current evidence or previous 

history of cancer or active infection. Patients with benign 

lung disease were chosen among those who had asthma, 

bronchiectasis, COPD, idiopathic pulmonary fibrosis (IPF), 

pulmonary tuberculosis (TB), or pneumonia. Patients with 

NSCLC were those who had histologically confirmed 

NSCLC and underwent staging workups, including chest 

computed tomography, brain magnetic resonance imaging, 

and18 F-fluorodeoxyglucose positron emission tomography. 

TNM staging was determined according to the seventh 

edition of International Association for the Study of Lung 

Cancer TNM staging system. Patients who took immuno-

suppressive drugs, including corticosteroids within the last 

3 months and those who had autoimmune disorders were 

excluded. We reviewed electronic medical records to obtain 

demographic information, past medical or social history, 

and clinical data of all participants. This study protocol 

was approved by Clinical Research Ethics Committee of 

the Korea University Anam Hospital (approval number: 

MD15009). Written informed consent was obtained from 

all participants. This study was conducted in accordance 

with the Declaration of Helsinki.

Measurement of nKa
NKA was measured using NK Vue® assay as described 

previously.12 Briefly, 1 mL of fresh blood was collected 

using NK Vue® tube (ATGen) and incubated at 37°C in 

a CO
2
 chamber for 20–24 hours. For patients with benign 

lung disease and those with NSCLC, blood samples were 

obtained before any treatment. The NK Vue® tube contains 

Promoca™, a patented recombinant protein that can activate 

NK cells in whole blood. Following incubation, cell-free 

supernatants were harvested, transferred into 1.5 mL conical 

tubes, and centrifuged at 13,000 rpm for 1 minute at room 

temperature. Supernatants were again transferred into 

1.5-mL conical tubes and frozen at -20°C for a period of 

up to 2 weeks. IFN-γ levels in these supernatants were mea-

sured by ELISA. Prior to assay, tubes were thawed at room 

temperature and centrifuged at 13,000 rpm for 1 minute at 

room temperature. The supernatant was then immediately 

loaded onto ELISA plate. Absorbance value was measured 

at wavelength of 450 nm. Concentrations of IFN-γ were 

determined with a calibration curve and expressed as pg/mL. 

The measuring range was 0.1–4,000 pg/mL.
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Flow cytometry for nK cell subset 
distribution
Reduction in CD16-CD56bright NK cells has been suggested 

as one of the mechanisms of decreased NKA.19 Thus, we 

assessed CD16+CD56dim/CD16-CD56bright NK cell subset 

ratio for some subjects of this study to investigate whether 

altered NKA is attributable to change of this ratio. The first 

20 subjects from each group were selected and their NK cell 

subset distributions were analyzed using flow cytometry. 

A 5-mL sample of whole blood was collected in a heparin 

tube and diluted with PBS in a 1:1 ratio. PBMCs were isolated 

by centrifugation from the diluted whole blood and overlaid 

on Histopaque®1077 (Sigma-Aldrich, Darmstadt, Germany) 

in a conical tube. These collected PBMCs were washed and 

resuspended in staining buffer. PBMCs were stained with 

Alexa Fluor488-anti-CD56, APC-anti-CD16, and PE-anti-

CD3 fluorochrome-conjugated monoclonal antibodies (BD 

Biosciences, Seoul, Korea). After the reaction was completed, 

the mixture was transferred to a conical tube and analyzed by 

BD FACSCalibur™ (BD Biosciences). CD16+CD56dim and 

CD16-CD56bright NK cells were gated from CD3-CD56+ cell 

population and the ratio of CD16+CD56dim/CD16-CD56bright 

was determined.

statistical analyses
Continuous variables are described as median and IQR while 

categorical variables are presented as frequencies and per-

centages. Comparisons of clinical parameters of each group 

were performed using nonparametric Mann–Whitney test 

or Kruskal–Wallis test with Bonferroni correction. Receiver 

operating characteristic (ROC) curves were analyzed to 

determine optimal cutoff values and diagnostic sensitivity 

as well as specificity. Spearman’s correlation analyses were 

used to assess the relationship between NKA and distribution 

of NK cell subsets. Associations between clinical param-

eters and NKA were first evaluated by univariate analysis 

using log-rank test. Multivariate logistic regression analysis 

was then conducted with adjustment for parameters with 

P-values of ,0.3 in the univariate analysis. P-values 

of ,0.05 were considered significant. Statistical analyses 

were performed using SPSS 20.0 software for Windows 

(IBM, Chicago, IL, USA).

Results
characteristics of subjects
Demographics and clinical characteristics of subjects in each 

group are summarized in Table 1. A total of 151 subjects were 

enrolled, including 40 healthy population, 40 patients with 

benign lung disease, and 71 with NSCLC. All were Koreans. 

Their median age was 68.7 years (range, 51–80 years). 

Although there were no significant differences in the dis-

tribution of age or gender, the proportion of ever smoker 

was significantly lower in the healthy population com-

pared with that in the other two groups (P,0.05). Among 

subjects with benign lung disease, 14 (35%), 13 (32.5%), 

4 (10.0%), 4 (10.0%), 3 (7.5%), and 2 (5%) patients had 

COPD, asthma, TB, IPF, bronchiectasis, and pneumonia, 

respectively. Among patients with NSCLC, 31 (43.7%) were 

early staged (stage I or II) while 40 (56.3%) were advanced 

staged (stage III or IV). Forty-two (59.1%) patients had 

adenocarcinomas and 29 (40.9%) had squamous carcinomas.

comparison of nKa in three groups
Median values of NKA in healthy population, patients 

with benign lung disease, and those with NSCLC were 

1,438.2 pg/mL (IQR: 672.0–2,378.8 pg/mL), 1,364.2 pg/mL 

(IQR: 486.2–2,405.4 pg/mL), and 406.3 pg/mL (IQR: 

61.6–984.3 pg/mL), respectively. The NKA in the NSCLC 

group was significantly lower than that in the other two 

groups (both P,0.001). There was no significant difference 

in NKA between the healthy population and patients with 

benign lung diseases (Figure 1).

association between nKa and clinical 
parameters
Relationships between NKA and clinical characteristics in 

each group are summarized in Table 1. NKA was not signifi-

cantly different according to gender, age, or smoking status 

in all study groups. In those with benign lung disease, there 

was no significant difference in NKA according to the diag-

nosis. In those with NSCLC, NKA showed decreasing trend 

toward advanced tumor stage: 1,098.9 pg/mL (IQR: 508.1– 

1,715.5 pg/mL), 844.5 pg/mL (IQR: 280.8–2,093.8 pg/mL), 

121.6 pg/mL (IQR: 40.0–442.8 pg/mL), and 228.8 pg/mL 

(IQR: 40.0–507.9 pg/mL) in stage I, stage II, stage III, and 

stage IV, respectively. NKA was not significantly different 

between stage I and II, or stage III and IV. However, NKAs in 

those with stage III or IV lung cancer were significantly lower 

than in those with stage I or II disease (all P,0.05, Figure 2A). 

Similarly, NKA of advanced (stage III and IV) disease was 

significantly lower than that of early-stage (stage I and II) 

disease (158.2 vs 912.3 pg/mL, P,0.001) (Figure 2B).

To determine which clinical parameters might affect 

NKA, we performed univariate analysis for whole study pop-

ulation using variables, including sex, age, smoking status, 

and the diagnosis of benign lung disease or NSCLC. Results 

are summarized in Table 2. Univariate analysis showed that 

the diagnosis of NSCLC was significantly associated with 
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Table 1 clinical characteristics of the study populations and nKa in three groups

Healthy population (n=40) Benign lung disease (n=40) NSCLC patients (n=71)

No of 
subjects 
(%)

NKA, pg/mLa P-valueb No of 
subjects 
(%)

NKA, pg/mLa P-valueb No of 
subjects 
(%)

NKA, pg/mLa P-valueb

gender   0.861   0.252   0.194
Female 18 (45.0) 1,653.1 

(786.7–2,103.0)
 13 (32.5) 1,479.0 

(1,135.7–2,416.3)
 25 (35.2) 591.5 

(208.1–1,516.8)
 

Male 22 (55.0) 1,327.9 
(618.7–2,445.3)

 27 (67.5) 1,198.6 
(425.9–2,264.4)

 46 (64.8) 351.7 
(48.3–844.5)

 

age   0.782   0.798   0.204
,65 years 12 (30.0) 1,557.9 

(805.0–2,200.5)
 18 (45.0) 1274.0 

(593.6–1,781.0)
 28 (39.4) 482.2 

(173.9–1,528.7)
 

$65 years 28 (70.0) 1,368.5 
(546.9–2,525.9)

 22 (55.0) 1,481.8 
(398.9–2,567.8)

 43 (60.6) 367.9 
(54.5–797.9)

 

smoking status   0.967   0.921   0.322
ever-smoker 11 (27.5) 1,182.5 

(645.3–2,134.2)
 25 (62.5) 1,208.5 

(658.3–1,852.7)
 44 (62.0) 332.3 

(95.1–754.4)
 

never-smoker 29 (72.5) 1,510.7 
(786.7–2,239.5)

 15 (37.5) 923.7 
(393.6–2,442.9)

 27 (38.0) 514.0 
(124.1–1,048.2)

 

Diagnosis      0.425    
cOPD    14 (35.0) 1,360.0 

(583.3–3,036.3)
    

asthma    13 (32.5) 1,554.1 
(754.6–2,451.2)

    

TB    4 (10) 1,173.6 
(532.6–1,954.6)

    

iPF    4 (10) 1,275.4 
(591.0–2,781.2)

    

Bronchiectasis    3 (7.5) 1,199.1 
(40.0–1,379.2)

    

Pneumonia    2 (5) 1,434.5 
(1,339.0–1,539.0)

    

stage         ,0.001
i       20 (28.2) 1,098.9 

(508.1–1,715.5)
 

ii       11 (15.4) 844.5 
(280.8–2,093.8)

 

iii       20 (28.2) 121.6 
(40.0–442.8)

 

iV       20 (28.2) 228.8 
(40.0–507.9)

 

histologic subtypes         0.874
aDc       42 (59.1) 415.3 

(237.9–1,218.4)
 

sQcc       29 (40.9) 483.7 
(228.1–1,661.3)

 

Notes: anKa was presented as median value with iQr. bP-values were calculated by nonparametric Mann–Whitney U test or Kruskal–Wallis test.
Abbreviations: ADC, adenocarcinoma; IPF, idiopathic pulmonary fibrosis; NKA, natural killer cell activity; NSCLC, non-small cell lung cancer; SQCC, squamous cell 
carcinoma; TB, tuberculosis.

NKA (P,0.001). In the multivariate analysis, the diagnosis 

of NSCLC was the only independent clinical parameter 

affecting NKA (P,0.001).

comparison of nK cell subset 
distribution in three groups
Representative flow cytometric data showed the distribu-

tion of total NK cell population represented as CD3-CD56+ 

cells (Figure S1A) and two major subsets, CD16+56dim and 

CD16-CD56bright, expressed as a percentage of total NK cells 

(Figure S1B). In overall population, CD16-CD56bright cells 

accounted for 2.8% ± 2.5% of NK cells consistent with the 

results of a previous study on a Korean population.20 Median 

values of CD16+CD56dim/CD16-CD56bright NK cell subset 

ratio in healthy population, patients with benign lung disease, 

and those with NSCLC were 54.2 (IQR: 27.9–53.4), 32.9 
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Figure 1 comparison of nKa in three groups.
Notes: NKA is significantly decreased in NSCLC patients compared with that 
in healthy population and patients with benign lung disease (both P,0.001). Bars 
denote median and iQr.
Abbreviations: nKa, natural killer cell activity; nsclc, non-small cell lung cancer.

Figure 2 comparison of nKa according to the stage of nsclc.
Notes: NKA in stage III or IV was significantly lower than that in stage I or II (all P,0.05). There was no significant difference between stage I and II or stage III and IV (A). 
NKA was significantly lower in those with advanced (stage III and IV) NSCLC than in those with early-stage (stage I and II) NSCLC (P,0.001) (B).
Abbreviations: nKa, natural killer cell activity; nsclc, non-small cell lung cancer.

(IQR: 21.0–68.9), and 62.7 (IQR: 38.0–92.4), respectively. 

These ratios did not differ significantly among the three 

groups (P=0.756). We also evaluated whether NKA might be 

correlated with CD16+56dim/CD16-CD56bright NK cell subset 

ratio in our study population. However, NKA was not cor-

related with such ratio (rho =0.003, P=0.645) (Figure S2).

Performance of nKa for the diagnosis of 
nsclc
The performance of NKA for the diagnosis of NSCLC was 

assessed using ROC curve analysis. With healthy population 

and patients with benign lung disease as reference, the area 

under the curve (AUC) was 0.762 (95% CI: 0.685–0.838, 

P,0.001). At a cutoff value of 391.0 pg/mL, NKA had 

a sensitivity of 52.3%, a specificity of 91.0%, a positive 

predictive value of 85.3%, and a negative predictive value 

of 65.4% for the diagnosis of NSCLC (Figure 3A). With 

benign lung disease group as reference, AUC was 0.735 (95% 

CI: 0.638–0.830, P,0.001) with a sensitivity of 50.8% and 

a specificity of 89.1% (Figure 3B). With healthy population 

as reference, the AUC was slightly increased to 0.798 (95% 

CI: 0.706–0.872, P,0.001) with a sensitivity of 53.6% and 

a specificity of 92.8% (Figure 3C).

Discussion
This present pilot study showed that NKA was significantly 

decreased in NSCLC patients compared with that in healthy 

population or patients with benign lung diseases. At a cutoff 

level of 391.0 pg/mL, NKA could discriminate NSCLC 

patients from other populations without lung cancer with high 

specificity. In addition, diagnosis of NSCLC was the only 

independent factor associated with NKA after adjusting for 

various clinical parameters. To the best of our knowledge, 

this is the first study to demonstrate decreased NKA in lung 

cancer patients measured by a novel IFN-γ releasing assay 

and identify the potential usefulness of this assay as a sup-

portive method for diagnosis of NSCLC.

Previous studies have reported the decreased NKA in a 

variety of human malignancies and the association between 

altered NKA and prognosis in various types of cancers.4,14,15 

Thus, NKA might be useful as a potential prognostic or 

diagnostic biomarker in various tumors. To measure NKA, 

the current standard method is 51Cr release assay or flow 

cytometry-based assays to reveal the cells’ cytotoxic activity 

or ability to produce cytokines. However, those methods are 

labor-intensive and require long turn-around time.11 Thus, 

they are unsuitable for daily clinical practice. Measurement 

of IFN-γ secreted from NK cells has been considered as a 
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Table 2 association between clinical parameters and nKa

Univariate analysis Multivariate analysis

βa 95% CI P-value βa 95% CI P-value

Male (vs female) -270.0 -593.0 to 52.9 0.101 -322.5 -713.2 to 62.4 0.107
age, years $65 (vs ,65) -252.7 -565.3 to 59.5 0.118 -80.9 -383.5 to 221.7 0.596
ever smoking (vs never smoking) -280.7 -691.6 to 129.8 0.176 23.3 -432.1 to -478.7 0.919
Benign lung disease (vs without 
benign lung disease)

-46.7 -442.1 to 348.7 0.215 -39.4 -456.4 to 377.6 0.852

nsclc (vs without nsclc) -826.7 -1,176.3 to -447.1 ,0.001 -833.4 -1,212.3 to -455.6 ,0.001

Note: aβ, beta coefficient.
Abbreviations: nKa, natural killer cell activity; nsclc, non-small cell lung cancer.

Figure 3 receiver operating characteristic curve analysis of nKa for the diagnosis of nsclc being control groups (A), benign lung disease (B) and healthy population (C) as 
references. The AUCs ranged from 0.735 to 0.789 with considerable sensitivity and specificity (all P,0.001). Based on aUc value, the best diagnostic performance of nKa 
was noted when the reference was the healthy population.
Abbreviations: aUc, area under the curve; nKa, natural killer cell activity; nsclc, non-small cell lung cancer.

useful method because it can estimate cytotoxicity and cyto-

kine production activity of NK cells. The method used in the 

current study is a novel assay to evaluate NKA in a simple 

and standardized manner. Following in vitro stimulation 

using a patented recombinant protein, it measures concen-

tration of IFN-γ as a surrogate marker for NKA. Although 

NK cells are known to be the only cells that can produce this 

cytokine in whole blood upon stimulation, possible contribu-

tion of other immune cells during this assay should be taken 

into account. To eliminate this concern, a recent study has 

analyzed the distribution of IFN-γ-expressing lymphocyte 

subsets and verified that NK cells are predominant source 

of IFN-γ in this assay suggesting the result per se reflects 

NKA.21 Our present study clearly showed decreased NKA 

measured by this novel assay in NSCLC patients, consistent 

with previous studies that measured NKA using traditional 

methods.18,22 Taken together, this assay can be a simple and 

feasible method to evaluate NKA in daily clinical practice. 

Although large-scaled studies are required to validate our 

results, the present data suggest potential usefulness of this 

assay to support lung cancer diagnosis.

We observed profound decease in NKA in patients with 

advanced NSCLC compared with that in those with early-

stage disease, consistent with previous reports on other solid 

tumors.13–15 Compromised NKA in advanced diseases shown 

in previous data and our results reflects NK cell dysfunc-

tion and impairment of host’s immune surveillance, where 

cancer cells readily metastasize to lymph nodes or other 

organs. Mechanism of decreased NKA in malignancy is not 

fully understood yet. However, previous studies have sug-

gested that it is not due to decreased number of NK cells, 

but attributable to impaired immune regulatory system in 

cancer patients.22,23 In addition, humoral factors, such as 

tumor growth factor-beta1 released from tumor-associated 

monocyte/macrophage have been suggested to be associ-

ated with NK cell dysfunction.23 Moreover, reduced CD16-

CD56bright NK cell subset as major source of IFN-γ has been 

suggested as another mechanism.19 In the present study, we 

further assessed the ratio of CD16+CD56dim/CD16-CD56bright 

NK cells to investigate whether this ratio was different among 

study groups and whether NKA was affected by this ratio. 

Our data showed that the ratio was not different among 
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groups and it was not correlated with NKA. These findings 

suggest that the difference in NKA among our study groups 

was not due to change of NK cells subset distributions but 

rather reflects cytokine-producing capacity of both subsets 

of NK cells. Furthermore, our data suggest that measurement 

of NKA rather than NK cells subset ratio can be a feasible 

method that can support lung cancer diagnosis.

Our data showed that NKA varied with stage of NSCLC. 

Although there was no significant difference in NKA between 

two groups, a decreasing tendency was shown in early-stage 

NSCLC patients compared with control groups (912.7 vs 

1,372.3 pg/mL, P=0.08). Subsequent studies need to assess 

possible clinical implication of NKA in early-stage NSCLC. 

At this point, NKA alone seems to be unsuitable for screening 

or detecting early lung cancer. However, NKA could be used 

as a surveillance method after systemic treatment in advanced 

diseases because compromised NKA implies evasion of anti-

tumor immune response and progression of tumors. Future 

studies should focus on serial changes of NKA during the 

clinical course and the possible implication of NKA-based 

monitoring during lung cancer treatment. Despite the weak 

relevance of NKA in early-stage NSCLC, clinical utility of 

NKA measurement in high-risk smokers who undergo lung 

cancer screening and the discriminative power of NKA for 

differentiating malignant nodules from benign ones would be 

feasible topics for future investigations. Although there are 

scarce data on the implication of NKA in patients with pre-

cancerous or early-stage malignant lesions, our hypotheses 

are supported by a recent study demonstrating significantly 

compromised NKA in subjects with colorectal adenomas 

compared with those without such lesions in colonoscopy.24

In the present study, diagnosis of NSCLC was the only 

clinical parameter associated with NKA. Although there 

are some conflicting data, human NKA does not seem to 

be affected by age or gender.25 In terms of smoking, a few 

in vitro or in vivo studies have suggested that cigarette 

smoking may be associated with low NKA.26,27 A small 

human study on the effect of life style on individual NKA 

has reported similar results.25 However, there was no report 

on the association between cigarette smoking and NKA in 

diseased population so far. In the present study, we could 

not find any association between smoking status and NKA 

either in each study group or in whole study population 

analyzed by multivariable analysis. Although sample size 

is small, we can cautiously postulate that adverse effect of 

smoking on NKA can vary according to individuals’ health 

status and NKA may not be affected by smoking status at 

least in patients with lung cancer. The association between 

smoking and NKA in the population with medical illness, and 

the possible difference of smoking effect on NKA between 

patients with benign and malignant disease should be a topic 

of future studies.

This study has several limitations. First, this was a small 

explorative study performed in a single institution without 

matching clinical factors, such as age and sex among groups. 

To make up for the small sample size, we enrolled subjects 

prospectively and included patients with benign lung disease 

as a control along with healthy population. Second, we did 

not simultaneously evaluate or compare diagnostic perfor-

mance of other biomarkers for lung cancer. Comparison of 

diagnostic value and evaluation of combined effect with 

established biomarkers, including carcinoembryonic antigen 

and cytokeratin 19 would provide more informative data. 

Finally, we did not evaluate the prognostic value of NKA 

in NSCLC patients. To that end, we are currently perform-

ing prospective studies to evaluate the impact of NKA on 

tumor recurrence or survival in early-stage lung cancer 

patients who received surgical resection and its impact on 

clinical outcome in advanced NSCLC patients treated with 

various systemic treatments.

Conclusion
In summary, we verified that NKA was reduced in patients 

with NSCLC compared with that in cancer-free population. 

NKA was compromised more in those with advanced NSCLC 

than in those with early-stage disease, reflecting more pro-

found immune escape of lung cancer cells in the former. 

Our data suggest the clinical implication of NKA measure-

ment using a simple blood test and the usefulness of NKA 

as a potential supportive method for lung cancer diagnosis. 

Further validation of our results in large population and iden-

tification of prognostic value of NKA are clearly required. 

Our pilot results provide a basis for future investigation on 

NKA in various clinical settings for lung cancer management, 

including complementary lung cancer screening method 

among high-risk smokers and discrimination of individuals 

with high recurrence risk after surgery, which might facilitate 

the clinical use of this novel assay.
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Supplementary materials

Figure S1 Representative flow cytometric data showing the distribution of NK cell subsets. 
Notes: Total nK cell population represented as cD3-cD56+ cells nK cells (A) are gated into two subsets, cD16+cD56dim and cD16-cD56bright, according to intensity of 
cD16 and cD56 expression (B). cD16+cD56dim nK cell subset comprise major subset (left upper box) while cD16-cD56bright (right lower box) comprise minor subset. 

Figure S2 Overall relationship between the nK cell activity and the cD16+cD56dim/cD16-cD56bright nK cell ratio. 
Notes: There was no significant relationship between NKA and the CD16+cD56dim/cD16-cD56bright nK cell ratio (rho=0.003, P=0.645).
Abbreviation: nK, natural killer.
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