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DFS (p < 0.05). When patients were classified into low and 
high NLR groups using the cutoff value of 2.995, patients 
in the low NLR group had a better DFS (p < 0.05). Subset 
analysis showed that CIK immunotherapy significantly pro-
longed the DFS in the low NLR group (p = 0.017) but not 
in the high NLR group (p = 0.695) except that it did well 
clearly within 17 months. Compared to the low NLR group, 
lymphocyte decreased significantly, neutrophil increased 
steeply and white blood cell (WBC) elevated subsequently 
(p < 0.001in all cases) in the high NLR group.
Conclusion  Adjuvant immunotherapy with the CIK cells 
prolongs DFS in postoperative patients with gastric can-
cer and the preoperative NLR is an independent prognos-
tic factor for DFS. Low NLR predicts significant benefits 
from the CIK immunotherapy while high NLR forebodes 
the requirement of more cycles of CIK treatment or other 
stronger immunotherapy to improve the survival rate of 
patients.

Keywords  CIK immunotherapy · NLR · Gastric cancer · 
DFS

Introduction

Gastric cancer is distinguished from other cancers by its 
high mortality and morbidity, and is considered a major 
public health threat worldwide (Miller et  al. 2016; Chen 
et al. 2016). Surgical resection with adjuvant chemotherapy 
remains the key modality for gastric cancer (Takahashi 
et  al. 2013). Many investigations have been conducted to 
improve the quality of life and extend the survival rate of 
patients (Lazăr et  al. 2016; Goode and Smyth 2016; Joo 
et al. 2016). However, unfortunately, there are still limited 
clinical benefits due to high rate of tumor metastasis.

Abstract 
Purpose  The purpose of this study is to determine the 
efficacy of adjuvant immunotherapy with autologous 
cytokine-induced killer (CIK) for postoperative patients 
with gastric cancer and to investigate the impacts of the 
predictors on the efficacy of CIK immunotherapy.
Patients and methods  Ninety-two gastric cancer patients 
who have accepted radical resection were enrolled. The 
CIK and control groups were established by 1:1 matching 
on their baseline. As prognosis indicators, preoperative 
blood cell counts, the neutrophil/lymphocyte ratio (NLR) 
and platelet/lymphocyte ratio (PLR) were analyzed, respec-
tively. Statistical analyses were done using IBM SPSS Sta-
tistics ver.19.0.
Results  CIK treatment significantly prolonged disease-
free survival (DFS) (p < 0.05) and there was a tendency of 
longer overall survival (OS) in the CIK group (p = 0.057). 
Preoperative NLR was an independent prognostic factor for 
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It is well known that immune system plays an impor-
tant role in the control of carcinogenesis, tumor progres-
sion, and metastasis (Cole et al. 1985; Kiessling et al. 1999; 
Gabrilovich and Pisarev 2003; Wang and DuBois 2015). 
Immunosuppression is remarkably common in patients 
with cancer, which makes tumor incurable, easy to recur 
or metastasize. Reversing immunosuppression by adjuvant 
immunotherapy, such as immune response cells, may lead 
to improved survival rate of gastric cancer patients (Stron-
cek et  al. 2010; Auphan-Anezin et  al. 2013; Slaney et  al. 
2014; Jäkel et  al. 2014; Schmeel et  al. 2015; Lee et  al. 
2015). Combination the cytokine-induced killer (CIK)-
based immunotherapy is one of the promising strategies 
that are widely demonstrated in cancers by many studies, 
including our previous data (Shi et  al. 2012; Jäkel et  al. 
2014; Schmeel et al. 2015; Lee et al. 2015; Li et al. 2015). 
In short, the CIK-based immunotherapy can strengthen sys-
temic antitumor immunity of patients by abundantly infus-
ing the T cells after activation and/or specialization in vitro 
(Schmidt Wolf et  al. 1991). It has been shown that com-
bination of the CIK-based immunotherapy and postopera-
tive chemotherapy can improve the survival rate of cancer 
patients, preventing recurrence and extending survival, pre-
sumably due to the ability of the processed immune cells 
to suppress residual tumor cells. In addition, the CIK-based 
immunotherapy is an available, promising and inexpensive 
method for cancer patients, and its safety and effectiveness 
are well verified in clinical practices in the past few dec-
ades. However, there are still many uncertainties about how 
to select the potential patients who may effectively benefit 
from such a treatment method, and about how to predict 
their prognosis.

Inflammation has been recognized to alter the balance 
between pro-and anti-tumor immunity, thereby prevent-
ing the immune system from rejecting malignant cells, 
and providing a tumor-friendly environment for progres-
sive disease (Karin and Greten 2005; Ostrand-Rosenberg 
2008). Reduced inflammation in the tumor microenviron-
ment had suppressed tumor metastasis or progression (Bunt 
et al. 2007; Said and Theodorescu 2012). Moreover, there 
are evidences showing that neutrophils can promote metas-
tasis in various tumor models (Kowanetz et al. 2010; Huh 
et  al. 2010; Coffelt and de Visser 2014), while in clinical 
trials, tumor-infiltrating neutrophils, elevated blood neu-
trophils and elevated blood neutrophil/lymphocyte ratio 
(NLR) have been associated with poor clinical outcomes in 
several human cancers (Donskov 2013). Recently, inflam-
matory markers have been explored extensively to quantify 
the worse outcomes of gastric cancers in the clinical trials, 
such as blood cell counts, differential counts, C-reactive 
protein (CRP), NLR, and platelet/lymphocyte ratio (PLR) 
(Kim et al. 2015; Grenader et al. 2016; Wang et al. 2016). 
Among these markers, the preoperative NLR and PLR 

have been recognized as the most reliable prognosis indica-
tors for gastric cancer. NLR can reflect immune status of 
the host, the host’s tumor load, and the advancement sta-
tus of cancer. Elevated NLR level is associated with recur-
rence and poorer survival rate in gastric cancer, and it also 
indicates unfavorable changes of systemic immunity in the 
host.

Therefore, the purpose of this study was to first con-
firm that the CIK immunotherapy combining postopera-
tive adjuvant chemotherapy can improve the prognosis of 
gastric cancer after curative surgery, and next to confirm 
that some of inflammatory markers are associated with the 
prognosis of these patients, especially, being able to pre-
dict the efficacy of the CIK treatment on patients. Our data 
showed that the CIK treatment significantly prolonged dis-
ease-free survival (DFS) and borderline significantly pro-
longed the overall survival (OS) duration of the patients. 
The NLR value is an independent predictor of DFS, and 
the low NLR value is associated with a better survival rate 
of patients. Subgroup analysis indicated that the low NLR 
group markedly benefited from the CIK treatment, but 
not the high NLR group. Notably, within 17 months (or, 
equivalently, several months after the patients have com-
pleted the CIK treatment), the additional immunotherapy 
undoubtedly delayed the progression of the patients in the 
high NLR group.

Materials and methods

Patients and treatments

This is a retrospective study including all of the gastric 
patients who were admitted in Liaoning Cancer Hospital 
and Institute and accepted radical resection between Janu-
ary 2011 and December 2014. Patients who underwent the 
CIK immunotherapy combined with the regular adjuvant 
protocol after operation were defined as trial group. Then 
control group was established by 1:1 matching on their 
clinicopathological characteristics and completed chemo-
therapy among patients without the CIK treatment. All 
patients with distant metastasis or preoperative chemother-
apy/irradiation were excluded. If the first CIK cell trans-
fusion was started after DFS, the case was also excluded. 
There were no special selection criteria regarding whether 
the patients who would receive the CIK treatment. In our 
hospital, the CIK treatment has been approved by the insti-
tutional ethics committee, and we have obtained written 
consent from each patient.

A total of 92 patients were enrolled in this study; none of 
these patients was enrolled in any clinical trials before. All 
the data used in this study were from the electronic medical 
record system of our hospital.
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All patients were followed up regularly until February 
2016 or until death every 6 months for the first 2 years from 
surgery and then every year thereafter. The median follow-
up period was of 24 months.

Treatments

The treatments conformed to the NCCN Clinical Practice 
Guidelines in Oncology. Patients received multidrug adju-
vant chemotherapy based on 5-Fu within 1 month after 
surgery, except one patient with stage I. The patients in the 
immunotherapy group received the CIK treatment subse-
quently or simultaneously with adjuvant chemotherapy, 
unless recurrence was ascertained. The patients in the con-
trol group did not receive the CIK treatment. More than 
5–10 × 109 CIK cells were transfused into patients via 
superficial vein at the day 15 of each cycle. The next cycle 
accomplished at the intervals of about 2–4 weeks until they 
no longer agreed to continue the treatment. The median 
duration of the CIK treatment was five cycles (range 1–15 
cycles). When the patients in either the CIK group or the 
control group were diagnosed with recurrence, second-line 
chemotherapy or palliative surgery was performed.

CIK cells preparation

The CIK cells were prepared as described in previous 
studies (Shi et  al. 2012; Lee et  al. 2015; Li et  al. 2015). 
To summarize the process briefly, 50  mL of heparinized 
peripheral blood was obtained from each eligible patient. 
Then, PBMCs (about 2 × 107 cells) were isolated by Ficoll-
Hypaque density gradient centrifugation (LTS107705, 
Tianjin Haoyang Biological Manufacture CO. LDT, China). 
PBMCs were firstly incubated in 50 mL X-VIVO 15 serum-
free medium (Lonza, Walkersville, MD, USA), containing 
1000U/mL recombinant human interferon (IFN)-γ (Pep-
roTech, Rocky Hill, NJ) and 5% inactivated autogeneic 
serum, at 37 °C with 5% CO2. After 24 h, 100 ng/mL anti-
CD3 antibody to stimulate the CIK cell growth (e-Biosci-
ence, Scan Diego, CA), 1000 U/mL recombinant human 
interleukin 2 (IL-2) (Shandong Quangang Pharmaceutical 
Co., Quangang, China) and 1  ng/mL recombinant human 
interleukin (IL)-1 alpha (PeproTech, Rocky Hill, NJ) were 
added. Then the fresh X-VIVO 15 serum-free media with 
1000 U/mL IL-2 were continually supplemented to main-
tain a suitable density of cells in the culture system. The 
CIK cells were cultured for 14 days before being analyzed 
for phenotype and cytotoxicity and being used to treat 
patients. Safety testing was performed during the course of 
cell culture. All products were free of bacterial and fungal 
contamination, negative for mycoplasma, and contained <5 
Euendotoxin. The viability of the CIK cells was above 90%.

Data collection of complete blood cell count

We collected the data obtained from blood routine exami-
nation within 1  week before the radical resection in our 
hospital, including white blood cell (WBC) counts, lym-
phocyte counts, lymphocyte percentage, neutrophil counts, 
neutrophil percentage, red blood cells (RBC) counts, hemo-
globin contents, and platelet counts. The NLR was defined 
as the neutrophil count divided by the lymphocyte count. 
The PLR was defined as the platelet count divided by the 
lymphocyte count.

Statistical analysis

Differences in demographic and clinical characteristics 
between the two groups were evaluated using the t test, χ2 
test, or the Fisher exact test as appropriate with an alpha 
less than 0.05. The cumulative survival rates were com-
pared using the Kaplan–Meier method and the log-rank 
test. Furthermore, the Cox proportional hazards model for 
multivariate analysis was applied to establish the inde-
pendent prognostic factors. Data were analyzed using IBM 
SPSS Statistics ver.19.0 (IBM Co., Armonk, NY, USA). 
Results with the p values less than 0.050 were considered 
as statistically significant.

Results

Baseline characteristics of the patients

The demographic and clinical characteristics are shown 
in Table 1. No significant differences were found between 
the CIK group and control group in terms of age, gender, 
differentiation, stage or unfavorable prognostic factors 
(p > 0.05). We further analyzed blood cell counts and dif-
ferential counts as well as the neutrophil/lymphocyte ratio 
(NLR) and platelet/lymphocyte ratio (PLR). All data are 
showed in Table  1 in terms of median, range, mean and 
standard deviation. There were no statistical significance 
between the CIK group and control group (p > 0.05).

Effects of the CIK immunotherapy on DFS and OS

The DFS and OS curves between the CIK group and the 
control group are presented in Fig.  1, respectively. The 
patients in CIK group had a significantly better DFS and 
a tendency of better OS than the patients in the control 
group (log-rank, p = 0.044 for DFS and p = 0.057 for OS), 
respectively. The median DFS duration was 35.0 months 
in the control group and it has not been reached in the 
CIK group. The median OS duration has not been reached 
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in both groups. The average DFS duration and the aver-
age OS duration were 34.0 months (95% CI, 25.2–43.6) 
and 48.3 months (95% CI, 41.3–55.3) in the control 
group versus 46.1 months (95% CI, 40.4–51.8) and 53.2 
months (95% CI, 49.6–56.8) in the CIK group. Further-
more, compared with the patients in the control group, 
the patients in the CIK group had significantly reduced 
risk of recurrence (HR, 0.779; 95% CI, 0.211–0.998).

Multiple factor analysis of DFS

As shown in Table 2, the influence of each significant pre-
dictor was first identified by univariate analysis using Cox’s 
proportional hazards mode. Neither demographic nor clin-
icopathologic characteristics of the patients showed distinc-
tion between the CIK and control groups (p > 0.05). No 
significant differences have been observed between two 
groups in terms of the preoperative blood cell counts and 

Table 1   Distributions of demographic, clinical characteristics of patients in CIK group and control group

AJCC stage According to the 7th edition of AJCC TNM classification; Unfavorable Prognosis factors include ① younger than 50 years, ② posi-
tive node, ③ history of obstruction or perforation, ④ vascular emboli or lymphatic invasion ⑤ perineural invasion, ⑥ poorly differentiated carci-
noma; NLR neutrophil/lymphocyte ratio; PLR platelet/lymphocyte ratio
& t-test
a Median(range) and mean ± standard deviation, the data obtained from blood routine examination within 1 week before the radical resection

Characteristic Total (n = 92) CIK group (n = 46) Control group (n = 46) p value

Age (year)
 Mean ± st 59 ± 8.3 59 ± 9.2 60 ± 7.3 0.563&

Gender
 Male
 Female

72
20

35
11

37
9

0.613

Histological type 0.492
 Differentiated 27 12 15
 Poorly differentiatd 65 34 31

AJCC stage 1.000
 I–III 42 21 21
 III 50 25 25

Unfavorable Prognostic factors 0.847
 0 11 5 6
 1 23 13 10
 2 31 14 17
 ≥3 27 14 13

WBC counts (×109/L)a 6.30 (3.60–11.90)
6.50 ± 1.85

6.50 (3.80–11.90)
6.86 ± 2.12

6.05 (3.60–8.80)
6.13 ± 1.46

0.059&

Lymphocyte counts (×109/L)a 1.95 (0.90–3.70)
2.00 ± 0.62

2.10 (0.90–3.70)
2.11 ± 0.62

1.80 (0.90–3.40)
1.89 ± 0.62

0.089&

Lymphocyte percent (%)a 30.60 (12.40–62.00)
31.80 ± 9.54

31.55 (12.40–53.00)
32.22 ± 10.00

30.50 (14.40–62.00)
31.37 ± 9.17

0.674&

Neutrophil counts (×109/L)a 3.60 (1.60–9.50)
4.09 ± 1.63

3.85 (1.90–9.50)
4.31 ± 1.88

3.60 (1.60–7.30)
3.87 ± 1.32

0.189&

Neutrophil percent (%)a 61.90 (30.50–83.70)
61.51 ± 10.09

61.90 (40.50–83.70)
61.2 ± 10.24

62.40 (30.50–83.40)
61.87 ± 10.04

0.736&

RBC counts
(×1012/L)a

4.54 (2.53–6.04)
4.50 ± 0.69

4.50 (2.53–5.97)
4.48 ± 0.72

4.62 (2.87–6.04)
4.52 ± 0.66

0.779&

Hemoglobin contents (g/L)a 144 (77–188)
136 ± 26

141 (77–188)
136 ± 28

145 (80–181)
136 ± 25

0.994&

Platelet counts
(×109/L)a

261 (112–474)
264 ± 77

263 (112–474)
269 ± 83

259 (142–418)
259 ± 71

0.555&

NLRa 1.96 (0.48–6.54)
2.25 ± 1.16

1.96 (0.79–6.54)
2.22 ± 1.17

2.01 (0.48–6.11)
2.28 ± 1.16

0.806&

PLRa 126.17 (53.70-366.67)
145.19 ± 65.19

119.29 (53.7–316.00)
136.85 ± 55.52

130.57 (61.82-366.67)
153.52 ± 73.27

0.222&
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differential counts (p > 0.05). It was the value of NLR not 
of PLR that markedly associated with poor prognosis in 
gastric cancer (p < 0.05). Furthermore, except neutrophil 
and lymphocyte, the items were assessed by multivari-
ate analysis using Cox’s proportional hazards mode. Male 
patients with poorly differentiated cancer cells, with more 
unfavorable prognosis factors or with higher NLR had a 
worse DFS (p < 0.05). Noticeably, NLR was the only prom-
ising predictor for DFS of gastric cancer confirmed by both 
univariate analysis and multivariate analysis using Cox’s 
proportional hazards mode (p < 0.05).

Prognostic value of NLR on patients in the CIK 
and control groups

When exploratory subset analysis was performed, we 
used a receiver-operating characteristic (ROC) curve to 
determine an appropriate cutoff value of the NLR. The 
area under curve was 0.580. We selected the 2.995 as 
cutoff value. Then patients were classified into low NLR 
(NLR < 2.995) and high NLR (NLR > 2.995) groups. The 
numbers of patients in the low and high NLR groups were 
74 and 18, respectively (Table 3). Age, gender, differen-
tiation, stage, the numbers of unfavorable factors and 
whether or not added CIK immunotherapy were all bal-
anced between the low and high NLR groups (p > 0.05). 
The DFS rates of the patients in the low NLR group were 
significantly higher than those in the high NLR group 
(p = 0.022) (Fig.  2a). Addition of immunotherapy to the 
regular postoperative adjuvant protocol significantly pro-
longed the DFS duration in the subset of patients with 
low NLR (p = 0.017) (Fig.  2b). Another subset of high 

NLR did not show any distinctions between the CIK and 
control groups (p = 0.695) (Fig.  2c). However, the KM 
curve of the CIK group was obviously higher than that 
of the control group within about 17 months. To confirm 
the value of NLR, we used the mean (NLR = 2.250) and 
the median (NLR = 1.960) as the cutoff value to clas-
sify the patients into low and high NLR groups, respec-
tively. When groups were classified by the mean of NLR 
(Fig.  2b), we found that the CIK treatment also signifi-
cantly increased DFS in the low NLR group (p = 0.036) 
and observed a similar form of the KM curves separat-
ing within 20 months in the high NLR group. When 
groups were classified by the median of NLR (Fig.  2c), 
the CIK treatment showed a similar prognostic trend but 
not statistical significant in the low and high NLR groups 
(p = 0.193 and p = 0.144, respectively).

Drifts in blood cell counts between the low and high 
NLR groups

To explain the findings, we determined the disparity 
between the blood cell counts in the low and high NLR 
groups. As shown in Table  4, compared to the data of 
the low NLR group, lymphocyte counts/percentage sig-
nificantly decreased in the high NLR group (p < 0.001), 
while neutrophil counts/percentage more steeply increased 
(p < 0.001). Consequently, an elevated level of the WBC 
counts appeared in the high NLR group instead of main-
taining equilibrium (p < 0.001). Inversely, the RBC counts, 
hemoglobin contents, and platelet counts did not show any 
drifts (p > 0.05).

Fig. 1   Survival analysis a Disease-free survival (DFS) analysis for patients, Log-rank: P = 0.044. b Overall survival (OS) analysis for patients, 
Log-rank: P = 0.057
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Discussion

In this study, we assessed the efficacy of autologous CIK 
treatment adding to regular postoperative protocol in 
patients with gastric cancer after radical resection. In line 
with the previous reports (Shi et al. 2012; Jäkel et al. 2014; 
Schmeel et  al. 2015; Lee et  al. 2015; Li et  al. 2015), the 
patients with the CIK immunotherapy significantly and bor-
derline significantly benefited on DFS and OS, respectively. 
Our median follow-up period was of 24 months, which may 
be suitable for observation of DFS, but longer follow-up 
time is needed for OS. On the other hand, most of patients 
accomplished their CIK treatment plan within 12 months, 

and the median courses of the CIK treatment were five 
cycles (range: 1 ~ 15 cycles). Given the potential of the 
CIK immunotherapy against residual tumor cells (Schmidt 
Wolf et al. 1991; Shi et al. 2012; Jäkel et al. 2014; Schmeel 
et al. 2015; Lee et al. 2015; Li et al. 2015), it is conceiv-
able that combination of the CIK and chemotherapy may 
prevent cancers from recurring or metastasizing. To date; 
however, there has been no way to tell which patients need 
more cycles or longer persistent period of immunotherapy 
that is enough to prevent tumor relapse or metastasis.

The preoperative blood routine examination has been 
acknowledged as a simple, applicable, and cost-effective 
approach to obtain some reliable prognostic indices for 

Table 2   Univariate and 
multivariate analysis of the 
prognostic factors of DFS

ND not done
*Has statistical significance
a Data from the blood routine examinations of patients within a week before the radical resection

Univariate analysis Multivariate analysis

B HR (95% CI) p value B HR (95% CI) p value

Gender
 Male/female −0.242 0.332–1.857 0.582 −1.232 0.095–0.895 0.031*

Age(year)
 ≥60/<60 −0.013 0.468–2.083 0.974 0.211 0.517–2.952 0.635

Histological type
 Differentiated/poorly differentiated 0.529 0.794–3.625 0.172 1.959 2.081–24.182 0.002*

AJCC stage
 I–II/III −0.689 0.226–1.114 0.090 −0.059 0.266–3.337 0.927

Unfavorable prognosis factors 0.029*
 0/1/2/≥3 0.301 0.429–4.252 0.607 1.194 0.495–22.019 0.218

−0.765 0.116–1.8700 0.281 −0.182 0.167–4.169 0.824
−0.465 0.189–2.092 0.449 2.437 1.160-112.726 0.037*

WBC countsa

 As a continuous variable −0.012 0.810–1.207 0.909 −0.119 0.653–1.207 0.448
Lymphocyte countsa

 As a continuous variable −0.556 0.301–1.094 0.092 ND ND ND
Lymphocyte percenta

 As a continuous variable −0.034 0.927–1.008 0.109 ND ND ND
Neutrophil countsa

 As a continuous variable 0.062 0.855–1.324 0.577 ND ND ND
Neutrophil percenta

 As a continuous variable 0.030 0.991–1.070 0.130 ND ND ND
RBC countsa

 As a continuous variable −0.047 0.566–1.610 0.861 0.695 0.579–6.562 0.281
Hemoglobin contentsa

 As a continuous variable −0.004 0.982–1.009 0.512 −0.010 0.965–1.020 0.578
Platelet countsa

 As a continuous variable −0.001 0.994–1.004 0.718 −0.001 0.993–1.005 0.660
NLR
 As a continuous variable 0.292 1.002–1.788 0.048* 0.520 1.044–2.954 0.034*

PLR
 As a continuous variable −0.001 0.998–1.009 0.179 −0.010 0.989–1.009 0.870
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gastric cancer (Hwang et  al. 2012; Kim et  al. 2015; Gre-
nader et  al. 2016; Wang et  al. 2016). In the previous 
research works, it was shown that leukocytosis, lymphocy-
topenia, neutrophilia, thrombocytosis, and anemia were all 
associated with worse prognosis of cancers (Pattison et al. 
1987; Satomi et al. 1995; Ikeda et al. 2002; De Giorgi et al. 
2012; Hattar et al. 2014; Takahashi et al. 2015). Recently, 
preoperative PLR and NLR values have been recognized as 
better predictors of recurrence, metastasis and survival in 
gastric cancer (Hwang et  al. 2012; Kim et  al. 2015; Gre-
nader et al. 2016; Wang et al. 2016). In this study, we found 
that only NLR can be used as an independent risk factor 
for DFS in Cox regression analysis. Consistent with the 
results from other studies (Hwang et  al. 2012; Kim et  al. 
2015; Grenader et  al. 2016; Wang et  al. 2016), patients 
with high NLR had a worse DFS than those with low NLR. 
In most of previous studies, Youden’s index calculated 
using the ROC curve was often used as the cutoff value of 
NLR. Kim et al. (2015) investigated a big sample including 
1986 patients who underwent curative surgery for gastric 
cancer. The cutoff value of NLR for recurrence was set at 
3. Likewise, in our study, Youden’s index of NLR values 
calculated using the ROC curve was 2.995. Keizman et al. 
(2012) evaluated the association of pre-treatment NLR with 
response rate, PFS and OS in 109 patients who were treated 
with sunitinib for mRCC. A low base-line blood NLR (≤3) 

was independently correlated with the response to suni-
tinib, and independently correlated with favorable PFS and 
OS. The optimized cutoff value may be different in vari-
ous investigations (Hwang et al. 2012; Keizman et al. 2012; 
Donskov 2013; Kim et  al. 2015; Grenader et  al. 2016; 
Wang et al. 2016), but the conclusion was highly consist-
ent; that is, the higher NLR was independent risk factor for 
recurrence, metastasis or survival in gastric cancer as well 
as in other cancers.

Furthermore, the analysis in the subgroup revealed the 
association of preoperative NLR and the CIK immuno-
therapy. In the low NLR group, the adjuvant CIK immu-
notherapy significantly conduced benefits on DFS. It 
is well known that a weakened immune system leads to 
cancers including gastric cancer (Cole and Humphrey 
1985; Kiessling et  al. 1999; Gabrilovich and Pisarev 
2003; Karin and Greten 2005; Ostrand-Rosenberg 2008; 
Auphan-Anezin et  al. 2013; Wang and DuBois 2015) 
and the lymphocyte response is known to be a major 
factor in the suppression of cancer progression (Cole 
and Humphrey 1985; Kiessling et  al. 1999; Gabrilovich 
and Pisarev 2003; Whiteside 2006; Stroncek et al. 2010; 
Auphan-Anezin et al. 2013; Slaney et al. 2014; Wang and 
DuBois 2015). However, the level of lymphocyte in the 
patients with cancer frequently gets much lower than in 
healthy adults (Takahashi et  al. 2015; Sun et  al. 2016). 

Table 3   Distributions 
of demographic, clinical 
characteristics of patients in the 
low and high NLR groups

AJCC stage: According to the 7th edition of AJCC TNM classification; Unfavorable Prognosis factors 
include: ① younger than 50  years, ② positive node, ③ history of obstruction or perforation, ④ vascular 
emboli or lymphatic invasion, ⑤ perineural invasion, ⑥ poorly differentiated carcinoma
& t-test, #Fisher exact test

Characteristic Total (n = 92) NLR ≤2.995 
(n = 74)

NLR >2.995 (n = 18) p value

Age (year) 0.989&

 Mean ± st 59 ± 8.3 59 ± 8.0 59 ± 10.0
Groups 0.599
 CIK group 46 36 10
 Control group 46 38 8

Gender 0.342#

 Male 72 56 16
 Female 20 18 2

Histological type 0.459
 Differentiated 27 23 4
 Poorly differentiated 65 51 14

AJCC stage 0.090
 I–II 42 37 5
 III 50 37 13

Unfavorable prognostic factor 0.510#

 0 11 10 1
 1 23 19 4
 2 31 26 5
 ≥3 27 19 8
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And more serious impairment of immunity may be com-
ing after surgery and adjuvant chemotherapy (Cole and 
Humphrey 1985; Kiessling et  al. 1999; Shi et  al. 2012). 
Therefore, the presumable explanation was that, at the 
right moment, the CIK immunotherapy properly replen-
ished the activated and/or specialized T cells that the 
body needs. While, in the high NLR group, the CIK treat-
ment seemed powerless for reversing immunosuppres-
sion of the host. Interestingly, the KM curves showed a 

meaningful shape, which indicated that the CIK treat-
ment worked indubitably but transiently or inadequately. 
The results from three independent analyses were much 
similar, using the cutoff value of NLR set at Youden’s 
index, mean or median of NLR. The phenomenon in the 
high NLR group may be explained with the fact that there 
were unfavorable factors in immune system of the host. 
The high NLR reflects an enhanced neutrophil response 
to tumors (Ostrand-Rosenberg 2008; Donskov 2013; 

Fig. 2   Disease-free survival analysis according to the cutoff value of NLR, a the cutoff value of NLR was set at 2.995, b the cutoff value of 
NLR was set at 2.250, c the cutoff value of NLR was set at 1.960
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Coffelt and de Visser 2014; Kim et  al. 2015; Grenader 
et al. 2016; Wang et al. 2016) except dysfunction of lym-
phocytes (Cole and Humphrey 1985; Kiessling et  al. 
1999; Gabrilovich and Pisarev 2003; Auphan-Anezin 
et  al. 2013; Wang and DuBois 2015). Circulating neu-
trophils, a major source of circulating angiogenetic and 
growth factors (Kusumanto et  al. 2003), are crucially 
involved in the process of tumor angiogenesis, and there-
fore, elevated blood neutrophils stimulate tumor and 
accelerate tumor growth and metastasis (Stockmann et al. 
2014). Depending on the inflammatory mediators in vari-
ous microenvironments of body, neutrophils can promote 
metastasis in  situ or distant specific organs (Kowanetz 
et al. 2010; Huh et al. 2010; Coffelt and de Visser 2014). 
On the other hand, circulating neutrophils also inhibit 
cytotoxic activity of lymphocytes, natural killer cells 
and activated T cells (Petrie et al. 1985). In addition, the 
abnormal phenotype of the tumor may stimulate an influx 
of inflammatory cells into tissues around it, and the tissue 
destruction and disruption caused by the physical effects 
of the tumor may trigger a more generalized and non-
specific inflammatory response (Nagtegaal et  al. 2001). 
In turn, the inflammation results in thrombocytosis, 
lymphocytopenia, neutrophilia, and leukocytosis (Pat-
tison et  al. 1987; Satomi et  al. 1995; Ikeda et  al. 2002; 
Hwang et  al. 2012; De Giorgi et  al. 2012; Hattar et  al. 
2014; Takahashi et al. 2015). Consistently, in this study, 
the WBC count increased along with the reduction of 
lymphocytes and the sharp augmentation of neutrophils 
in the high NLR group. In other words, the patients with 

high NLR got incurable, easy to recur and metastasize 
due to the multiple impairment of antitumor immunity in 
the body. Therefore, it may be feasible that we clinically 
select such patients according to their NLR value that 
need more cycles of the CIK treatment or more powerful 
immunotherapy.

There could be some limitations in this study. First, 
this is a retrospective study conducted at a single institu-
tion. In fact, most patients actually made medical deci-
sions of the CIK immunotherapy according to their own 
wishes and financial situations, which could be a sec-
ond limitation of this study without a standard regimen 
of immunotherapy. Therefore, larger and well-designed 
studies are needed to confirm our findings.

In short, the CIK immunotherapy is a safe, effective, 
inexpensive and available method for average patients 
to prevent advancement of gastric cancer and extend 
survival duration by reversing immunosuppression and 
strengthening antitumor immunity of the body. Therefore, 
this strategy is worthy of more investigation to identify 
valid predictors, by which we can select potential suscep-
tive patients and provide better treatment plan.
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Table 4   Drifts in blood cell 
counts between the low and 
high NLR groups

t-test Median(range) and mean ± standard deviation, the data obtained from blood routine examination 
within 1 week before the radical resection
*Has statistical significance

Variables NLR ≤ 2.995 (n = 36) NLR > 2.995 (n = 10) p value

WBC counts (×109/L) 6.00 (3.60–19.88)
6.16 ± 1.62

7.00 (4.90–11.80)
7.51 ± 2.41

0.000*

Lymphocyte counts (×109/L) 2.10 (1.00–3.40)
2.11 ± 0.61

1.40 (0.90–2.50)
1.48 ± 0.47

0.000*

Lymphocyte percent (%) 33.20 (21.70–62.00)
34.76 ± 8.09

20.35 (12.40–24.30)
19.65 ± 4.67

0.000*

Neutrophil counts (×109/L) 3.35 (1.60–6.50)
3.64 ± 1.23

5.35 (3.40–9.50)
5.62 ± 1.99

0.000*

Neutrophil percent (%) 59.80 (30.50–70.20)
58.37 ± 8.39

71.9 (69.80–83.70)
70.58 ± 15.22

0.000*

RBC counts (×1012/L) 4.54 (2.75–6.04)
4.55 ± 0.68

4.47 (2.53–5.33)
4.13 ± 1.04

0.168

Hemoglobin contents (g/L) 145 (80–181)
138 ± 26

136 (77–168)
124 ± 35

0.174

Platelet counts (×109/L) 252 (112–389)
261 ± 76

275 (143–418)
266 ± 88

0.444
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