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Introduction

Natural killer (NK) cells are a type of lymphocyte with the 
distinct morphological features of large granular lympho-
cytes, and they were first identified in 1975 through an 
experiment using a mouse model.1,2 NK cells are distin-
guished from T or B lymphocytes in that they are capable of 
spontaneously showing cytotoxicity against various target 
cells, including tumor cells and virus-infected cells, without 
sensitization to antigens, the cell surface phenotype, or the 
cytokine profile3-5; in addition, they are known to be associ-
ated with the initial defense against infection and with 
tumor immunity.6 The defense mechanism by which NK 
cells protect the body not only involves helping other 

immune cells (adaptive immune system) but also includes 
removal of target cells through the release of chemokines 
and cytokines (innate immune system).6

NK cells play an important role in preventing the initial, 
as well as metastatic cancer, and as such, a deficiency in NK 
cell–mediated cytotoxicity is known to have an influence 
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Abstract
Background and Objective: Natural killer (NK) cells are known to have an effect on the prevention of tumorigenesis 
for the initial cancer, as well as the metastatic cancer. For the past several years, the relationship between cancer and 
inflammation has been actively studied in preclinical and clinical settings, but there are no reports on alterations in and 
correlation for NK cell activity (NKA) and systemic inflammatory markers. Accordingly, this study aimed to measure 
correlation between NKA and the levels of other systemic inflammatory markers in patients with gastric, breast, and 
pancreatic cancer who received Wheel Balance Cancer Therapy (WBCT). Methods: Forty-two electronic charts of 
patients with gastric, breast, and pancreatic cancer treated with WBCT from February 1, 2015 to September 30, 2015, 
were reviewed retrospectively. These charts were statistically analyzed, looking for alterations of and correlation for NKA 
and the expressions of systemic inflammatory markers. Results: Patients with a NKA of under 300 pg/mL at admission 
showed significantly higher erythrocyte sedimentation rate (ESR) and neutrophil-to-lymphocyte ratio (NLR) values and 
decreasing NLR values due to WBCT than patients with an NKA greater than 300 pg/mL. As a result of the correlation 
analysis between NKA and the levels of the systemic inflammatory markers, NKA showed significant negative correlation 
with NLR, ESR, and fibrinogen values. Conclusions: Negative correlation was identified between NKA and NLR, NKA 
and ESR, and NKA and fibrinogen in patients with heterogeneous cancer patients.
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on the initial stage of human tumorigenesis.7 In support of 
this, various studies have found reduced NK cell activity 
(NKA) in patients with esophageal and gastric,8,9 breast,10,11 
pancreatic,12 prostate,13 colorectal,14 lung,15 bronchogenic,16 
hepatocellular,17 and head and neck18 cancer.

The relationship between cancer and inflammation has 
been actively studied in preclinical and clinical settings 
for the past several years.19 Only a few decades have 
passed since clear evidence of inflammation playing an 
important role in tumorigenesis was gathered, during 
which time the molecular mechanisms in a few types of 
basal cells have also been identified.20 Currently, the role 
of inflammation in tumorigenesis is well accepted, and 
though a direct causal relationship with inflammation has 
not been fully proven, the inflammatory microenviron-
ment is certainly a vital element.21 A wide variety of sys-
temic inflammatory markers has been examined over the 
past 10 plus years for patient treatment and prognosis and 
for predicting the survival period. Items that can be mea-
sured from the blood and that reflect a systemic inflam-
matory response include fibrinogen, the erythrocyte 
sedimentation rate (ESR), and elevated cytokines, as well 
as elevated white blood cells (WBC), and factors related 

to those subtypes (neutrophil-to-lymphocyte ratio (NLR), 
lymphocyte-to-monocyte ratio (LMR), and so on.22-25

The effects of herbal medicine on the immune function in 
patients with cancer have been studied. Herbal medicine 
combined with endocrine therapy was shown to improve the 
quality of life for patients with advanced prostate cancer, 
reduce the adverse side effects of Western medicine, improve 
the immune function, and enhance the therapeutic effects of 
endocrine therapy.26 Another study showed that the adminis-
tration of a Chinese medicinal herb complex to patients with 
breast cancer who were receiving chemotherapy and/or 
radiotherapy might have the capacity to delay, or ease, the 
reductions in the levels of leucocytes and neutrophils.27 A 
double-blind, placebo-controlled, randomized trial showed 
that traditional Chinese medicine (TCM) might have an 
effect on maintaining the immune function in patients with 
ovarian cancer.28

Wheel Balance Cancer Therapy (WBCT) is an inpa-
tient multimodality complementary and alternative medi-
cine (CAM) cancer program at the East West Cancer 
Center (EWCC), Daejeon University Dunsan Korean 
Medicine Hospital (DUDKMH). It consists of (1) herbal 
medicine therapy, (2) an anticancer nutrition diet, (3) 

Figure 1.  Selection of patients for the analysis. ECOG, Eastern Cooperative Oncology Group.
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metabolism activation therapy, and (4) a mind-body ther-
apy program. Although many studies have reported that 
inpatient treatment with WBCT reduces the fibrinogen 
level and improves the quality of life in patients with can-
cer29 and that the use of WBCT with Korean medicine for 
21 or more days maintains C-reactive protein (CRP) and 
ESR and has a favorable effect on the survival rate of 
patients with stage IV cancer,30 no reports have addressed 
alterations in either NKA or the systemic inflammatory 
markers. Accordingly, this study aimed to measure the 
correlation between NKA and the levels of other systemic 
inflammatory markers in patients with gastric, breast, and 
pancreatic cancer who received WBCT.

Patients and Methods

Chart Review

A retrospective chart review was conducted for 100 patients 
who had been diagnosed with gastric, breast, or pancreatic 
cancer. Data were from a single collection site and were 
obtained under a protocol approved by the institutional 
review board (IRB) (of DUDKMH, Daejeon, Republic of 
Korea (IRB approval number: DJDSKH-15-BM-E-3).

Patient Eligibility

The following inclusion and exclusion criteria were used to 
select participants for this study: Patients with gastric, 
breast, or pancreatic cancer hospitalized at the EWCC, 
DUDKMH, from February 1, 2015, to September 30, 2015, 
were considered. Then, patients on whom laboratory fol-
low-up tests had not been conducted during hospitalization 
were excluded, as were patients whose laboratory follow-up 
tests had not been conducted at 2 data points at least, and 
patients whose Eastern Cooperative Oncology Group 
(ECOG) performance status was 3 or more (Figure 1).

WBCT, the multimodality cancer program for EWCC’s 
inpatients, which includes the following 4 subprograms, 
was provided daily to all inpatients at the center29: The 
first subprogram, herbal medicine therapy, is composed 
of anti-angiogenic, immune-activating agents and/or 
herbal decoctions according to the Korean medicine dif-
ferential diagnosis and was provided daily. The second 
subprogram, anticancer nutrition diet, is composed of 
constitution-specific foods, including vegetable or fruit 
juice with antioxidative activity, and was provided once 
or twice a day. The third subprogram, metabolism activa-
tion therapy, is composed of acupuncture, pharmacopunc-
ture, moxibustion, massage, and thermotherapy and was 
provided to inpatients. The fourth subprogram, the mind-
body therapy program, is composed of muscle relaxation 
therapy, meditation, yoga, and mountain climbing and 
was routinely provided.

Hematological Index

NK Cell Activity.  NK cell activation–induced interferon-
gamma (enzyme-linked immunosorbent assay [ELISA]), 
which has been designated as a safe and effective test for 
checking the condition of patients with gastric, breast, pros-
tate, and pancreatic cancer, as well as the progress of their 
treatment, was used to measure the activity of NK cells. 
This particular test was recognized as a new medical tech-
nology in June 2014 when it passed the new medical tech-
nology safety and efficacy assessment in accordance with 
Korea Ministry of Health and Welfare Notification No. 
2014-89. In comparison with other existing tests that use 
radioactive isotopes, this test has a lower cost and the results 
can be obtained within 24 hours. This kit defined NKA 
≥300 pg/mL as normal and NKA <300 pg/mL as borderline 
or abnormal based on a clinical study of cancer patients and 
patients without cancer.31

Fibrinogen Test.  The fibrinogen test is used to evaluate 
fibrinogen, a protein that is essential for blood-clot forma-
tion. When an injury and bleeding occurs, the body forms a 
blood clot through a series of steps. In one of the last steps, 
soluble fibrinogen is converted into insoluble fibrin threads 
that crosslink together to form a net that stabilizes the injury 
site and adheres to it until the area has healed. The test is 
done with the ACL 100 system (Instrumentation Laboratory 
Inc, Bedford, MA, USA).

Erythrocyte Sedimentation Rate Test.  The erythrocyte sedi-
mentation rate (ESR) test is a relatively simple, inexpen-
sive, nonspecific test that has been used for many years to 
help detect inflammation associated with conditions such as 
infections, cancer, and autoimmune diseases. For the test, 
anticoagulated blood is traditionally placed in an upright 
tube, known as a Westergren tube, and the rate at which the 
red blood cells sediment is measured.

Absolute Neutrophil Count to Absolute Lymphocyte Count 
Ratio.  The absolute neutrophil count to absolute lympho-
cyte count, NLR, reflects the presence of neutrophilic leu-
kocytosis and relative lymphopenia and is recognized as an 
indicator of poor prognosis in patients with various cancers. 
The leukocyte differential count was measured by using the 
Celltec F system (Nihon Kohden, Tokyo, Japan).

Absolute Lymphocyte Count to Absolute Monocyte Count 
Ratio.  The absolute lymphocyte count to absolute monocyte 
count ratio, LMR, reflects both lymphopenia as a surrogate 
marker of weakened immune response and increased num-
ber of monocytes as a surrogate marker for the microenvi-
ronment of elevated tumor burden.32 The leukocyte 
differential count was measured by using the Celltec F sys-
tem (Nihon Kohden).
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Statistical Analysis

The level of significance was set at .05 for all the hypotheti-
cal tests. All the analyses were conducted by using SPSS ver-
sion 22 for Windows. A paired t test was used to analyze 
differences in the results between the preliminary test and the 
secondary test. The 2-sample t test and 1-way analysis of 
variance were used to determine whether the mean NKA and 
the systemic inflammatory markers differed according to 
NKA at admission. The 2-sample t test was preformed to ana-
lyze the preliminary test, the secondary test, and the differ-
ence between the tests (secondary – preliminary). A 
correlation analysis was performed to verify the linear asso-
ciations between NKA and the systemic inflammatory mark-
ers from the preliminary test, the secondary test, and the 
difference between the 2 tests (secondary – preliminary).

Results

Patient Characteristics

The total number of subjects in the study was 42, and their 
clinical characteristics are summarized in Table 1.

Laboratory Changes Between Before and After 
the WBCT Treatment

As a result of analyzing the results from the preliminary test 
taken prior to and the secondary test taken during WBCT 
treatment, the changes in NKA and the systemic inflamma-
tory markers showed no significance (Supplementary Table 
S1, reported in supplementary material).

Mean Values of NKA and the Systemic 
Inflammatory Markers Before and After the 
WBCT Treatment

In the groups with NKA <300 and ≥300 pg/mL, the mean 
ESR values at admission were 28.96 ± 14.77 and 18.89 ± 
12.15 mm/h, respectively, showing a significant difference 
(P = .022). In addition, the mean NLR values were 3.60 ± 
2.83 and 1.70 ± 0.61, respectively, showing a significant 
difference (P = .004), and the differences in the mean NLR 
values were −1.53 ± 3.31 and 0.20 ± 0.81, respectively, also 
showing a significant difference (P = .023) (Table 2).

Correlation Analysis Between NKA and Systemic 
Inflammatory Markers

A correlation analysis was performed to determine whether 
linear associations existed among systemic inflammatory 
markers from the preliminary test. At a significance level of 
5%, significant linear associations were identified between 
NKA and ESR (r = −0.359; P = .020) and between NKA 
and NLR (r = −0.318; P = .040) (Figure 2). In addition, a 

correlation analysis was performed to determine whether 
linear associations existed among the systemic inflamma-
tory markers from the secondary test. At a significance level 
of 5%, significant linear associations were identified 
between NKA and fibrinogen (r = −0.408; P = .009), NKA 
and ESR (r = −0.384; P = .012), and NKA and NLR (r = 
−0.343; P = .026) (Figure 3). Finally, a correlation analysis 
was performed to determine whether linear associations 
existed among the systemic inflammatory markers in the 
difference of the test results (secondary − preliminary test). 
At a significance level of 5%, differences in NKA showed 
no significant correlation with any systemic inflammatory 
markers (Figure 4).

Discussion

Human NK cells can be divided into 2 types according to 
CD56 expression on the cell’s surface. One type, CD56dim 
cells, has natural cytotoxicity, and antibody-dependent cel-
lular cytotoxicity accounts for the majority of NK cells 
whereas the other type, CD56bright cells, is involved in 

Table 1.  Clinical Characteristics of Patients.

Variables n (%) or Mean ± SD

Sex  
  Male 8 (19.0)
  Female 34 (81.0)
Age, y 54.05 ± 8.95
Age  
  <60 y 32 (76.2)
  ≥60 y 10 (23.8)
Follow-up days 11.00 ± 2.95
Cancer type  
  Gastric cancer 15 (35.7)
  Breast cancer 21 (50.0)
  Pancreatic cancer 6 (14.3)
Metastasis status  
  Existence (stage IV) 26 (61.9)
  Nonexistence 16 (38.1)
Resection status  
  Operated 33 (78.6)
  Inoperable 9 (21.4)
Chemotherapy status  
  Undergone 31 (73.8)
  Not undergone 11 (26.2)
ECOG  
  0 0 (0.0)
  1 0 (0.0)
  2 42 (100.0)
NKA (pg/mL) at admission  
  <300 23 (54.8)
  ≥300 19 (45.2)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NKA, 
natural killer cell activity.
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Table 2.  Mean Values of NKA, Fibrinogen, ESR, NLR, and LMR From the Preliminary and the Secondary Tests and the Differences 
Between the Tests According to NKA at Admission.

NKA at Admission

P  <300 pg/mL (n = 23) ≥300 pg/mL (n = 19)

NKA (pg/mL)  
  Preliminary 185.68 ± 99.30 973.60 ± 525.74 .000**
  Secondary 312.10 ± 251.57 912.81 ± 626.64 .001**
  Difference 126.42 ± 242.27 –60.80 ± 622.26 .229
Fibrinogen (mg/dL)  
  Preliminary 635.09 ± 288.34 548.44 ± 211.29 .292
  Secondary 708.00 ± 305.82 543.06 ± 183.03 .056
  Difference 72.91 ± 248.76 –6.53 ± 97.26 .173
ESR (mm/h)  
  Preliminary 28.96 ± 14.77 18.89 ± 12.15 .022*
  Secondary 28.78 ± 15.31 19.74 ± 13.62 .052
  Difference –0.17 ± 11.25 0.84 ± 4.66 .715
NLR  
  Preliminary 3.60 ± 2.83 1.70 ± 0.61 .004**
  Secondary 2.07 ± 1.13 1.90 ± 0.82 .593
  Difference –1.53 ± 3.31 0.20 ± 0.81 .023*
LMR  
  Preliminary 8.29 ± 13.27 4.47 ± 1.50 .184
  Secondary 10.15 ± 28.75 4.88 ± 1.86 .431
  Difference 1.86 ± 31.06 0.41 ± 1.80 .840

Abbreviations: NKA, natural killer cell activity; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio.
*P < .05, **P < .01.

Figure 2.  Correlation Analyses between NKA and fibrinogen (A), ESR (B), NLR (C), and LMR (D) at the preliminary test. NKA, natural 
killer cell activity; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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immunoregulatory functions through the release of cyto-
kines.33 NK cells are activated through bonding of their 
activation receptors with the activation ligands of target 
cells and with proinflammatory cytokines, such as interleu-
kin (IL)-2, IL-12, IL-15, and IL-18, which can activate NK 
cells.34 Activated NK cells induce the death of target cells 
by releasing perforin and granzyme, which are involved as 
death receptors of the targeted cells, and by secreting inter-
feron (IFN)-γ.35 Cytokines promote proliferation and matu-
ration of NK cells and are involved in increasing the 
production of other cytokines and in enhancing the cytotox-
icity in NK cells.36 Tumor necrosis factor (TNF)-α, in addi-
tion to IFN-γ, as primary cytokines secreted from activated 
NK cells, shows an immune responses against cancer and 
virus-infected cells.37

NKA is associated with the prognoses for patients with 
various forms of cancer, for which a study reported that 
NKA was correlated with hematogenous metastasis of head 
and neck cancer,18 and a follow-up study showed that it was 
associated with increased risk of death from uncontrolled 
regional and distant metastases.38 Patients with colorectal 
cancer with low preoperative NKA had a high risk of local 
recurrence.39 NKA was found to be low in most patients with 
a hepatocellular carcinoma (HCC), and the preoperative 
NKA measurement was found to be of some use in forming 
a posthepatectomy prognosis and in follow-up management 

for HCC patients.40 Reduced NKA has been suggested to be 
one of the risk factors that can facilitate the progression to 
HCC in cirrhotic patients.41 In a retrospective observation 
study on 156 patients, patients who had received a gastrec-
tomy and had low NKA were shown to have a greater ten-
dency of having lymphatic and vascular involvement than 
those with moderate to high NKA, thereby showing a sig-
nificant association with a poorer survival.42 In a general 
population study that spanned 11 years, low NKA was sug-
gested as being related to increased cancer risk.43

Fibrinogen is a type of protein that is produced not only 
in liver cells but also in tumor cells.44 It plays an important 
role in hemostasis45 and is one of the acute phase reactants 
that become elevated with systemic inflammation or tissue 
injury.46 Fibrinogen is also known to play important roles in 
inflammation related to proliferation, survival, migration, 
invasion and metastasis of tumor cells, to have a functional 
relationship with tumorigenesis47,48 and to become attached 
to NK cells to prolong the NK cell–mediated removal of 
tumor cells.49 Through recent clinical studies, a correlation 
between plasma fibrinogen and tumor progression has been 
shown in patients with esophageal,50 gastric,51 non–small 
cell lung,52 colorectal,53 ovarian,54 cervical,55 endometrial,56 
and vulvar57 cancer.

ESR, which is referred to as the sedimentation rate, is 
a type of blood test that measures how quickly red blood 

Figure 3.  Correlation analyses between NKA and fibrinogen (A), ESR (B), NLR (C), and LMR (D) at the secondary test. NKA, natural 
killer cell activity; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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cells (RBCs) settle to the bottom of a test tube. ESR val-
ues measure higher as more RBCs fall to the bottom over 
time. When inflammation is present in the body, specific 
proteins force RBCs to coagulate more rapidly than 
under normal conditions, causing them to settle more 
rapidly to the bottom of the tube. These proteins are pro-
duced by the liver and the immune system under various 
abnormal conditions, including infection, autoimmune 
disease, and/or cancer.58 ESR and the number of involved 
nodes were found to have major significance in predict-
ing the length of disease-free survival in patients with 
primary breast cancer.59An elevated ESR is associated 
with shorter survival for patients with non–small cell 
cancer60 and with progression and death in patients with 
prostate cancer.61An elevated ESR has also been shown 
to have a significant unfavorable association with tumor 
thrombus, large tumor size, advanced stage, lymph-node 
involvement, and distant metastasis in patients with a 
renal cell carcinoma.23

Systemic inflammatory response is well known to be 
related to changes in circulating WBCs, especially the pres-
ence of neutrophilic leukocytosis and relative lymphope-
nia.62,63 Recently, an elevated NLR was recognized as being 
an indicator of poor prognosis in patients with various 

forms cancer,64 as well as a cost-effective prognostic fac-
tor.65 An elevated NLR was found to be significantly cor-
related with a shortening of the recurrence-free survival of 
HCC patients after a living-donor liver transplant.66 In 
patients with advanced rectal cancer, a low NLR was asso-
ciated with increased overall survival and disease-free sur-
vival, as compared with a high NLR, showing that it can be 
a useful prognostic factor.67

In this study, in patients with NKA <300 pg/mL, the sys-
temic inflammatory markers of ESR and NLR tended to be 
high in the preliminary test, showing significant differences 
from those in patients with NKA ≥300 pg/mL. Because 
such differences based on treatment effects were significant 
for NLR, the WBCT treatment can be viewed as being more 
effective in patients with NKA <300 pg/mL.

The pairs of indicators that showed linear associations in 
the preliminary and the secondary tests were NKA-ESR 
and NKA-NLR pairs, both of which showed negative cor-
relation (Figures 2 and 3). The pair of indicators that showed 
a linear association in the secondary test was NKA-
fibrinogen pair, which also showed a negative correlation 
(Figure 3). These data suggest the possibility of a negative 
correlation between NK and systemic inflammatory mark-
ers such as NLR, ESR, and fibrinogen.

Figure 4.  Correlation analyses between the difference of NKA and the differences of fibrinogen (A), ESR (B), NLR (C), and LMR 
(D). NKA, natural killer cell activity; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio, LMR, lymphocyte-
to-monocyte ratio (Diff_NKA, difference of NKA; Diff_Fibrinogen, difference of fibrinogen; Diff_ESR, difference of ESR; Diff_NLR, 
difference of NLR; Diff_LMR, difference of LMR).
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The present study was conducted with a relatively 
small number of charts (n = 42), therefore the statistical 
analysis was limited. A greater number of cases are needed 
to be secured so that a more specific statistical analysis 
can be performed according to the hypothesis generated 
by these preliminary results. The effects of various che-
motherapies on the WBC differential must also be consid-
ered according to their mechanisms and degree of effect 
on neutrophils and lymphocytes. In addition, analyses 
should be performed to take into account underlying dis-
eases, such as diabetes and hyperlipidemia, given the 
chronic inflammatory metabolic and cellular environ-
ments which accompany such metabolic disorders. In 
some patients, inflammation may be a precursor that 
induces cancer, whereas in other patients, cancer can pro-
mote an inflammatory microenvironment. Also, both pro-
cesses could go on in the same patient. An inflammatory 
microenvironment affects proliferation, infiltration, and 
angiogenesis, as well as the survival of tumor cells, and 
future treatments with Korean medicine should be admin-
istered with the goal of targeting not only the tumor cells 
themselves but also the major factors that contribute to 
progressive growth and survival of metastatic cancer cells.

Conclusion

Negative correlations were identified between NKA and 
NLR, NKA and ESR, and NKA and fibrinogen in patients 
with heterogeneous cancer types. Further prospective data 
should be accumulated to confirm these negative 
correlations.
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