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Background: Chemotherapy and radiation therapy provide limited improvement in survival of gastric cancer patients after
tumor resection. It is essential to develop a novel therapeutics for gastric cancer. In the recent years, cytokine-
induced killer cells (CIKs)-based adoptive immune therapy has been explored in gastric cancer patients. Due
to the small number of patients included in each clinical trial and low-power statistical analysis, the effective-
ness of this approach is still unclear. To address this issue, we systemically analyzed the relevant clinical trial
data published in recent years by powerful statistical meta-analysis.

Material/Methods: Clinical data was searched by multiple electronic databases with a term “gastric cancer” and “cytokine-induced
killer cells”. Six relevant clinical trials with case-control studies were extracted for our meta-analysis, including
318 patients receiving CIK cell therapy and 369 patients receiving conventional therapy.

Results: Overall survival (OS) and odds ratio (OR) were analyzed for patients at 1, 2, 3, and 5 years post-CIK cell thera-
py and post-conventional therapy. Heterogeneity and publication bias were analyzed for included data quali-
ty and publication bias. Our meta-analysis from 6 clinical trials suggests that CIK cell therapy significantly in-
creased 5-year OS from 27+2.44% to 49+7.62% (p<0.05) and 5-year OR up to 1.77 (p<0.05). The increased
5-year survival rate was also highly correlated with the increased CD3+ T cell number and ratio of CD4+/CD8+
in the CIK treated patients.

Conclusions: CIK cell therapy significantly increased 5-year survival rate compared to conventional chemotherapy among
gastric cancer patients. The study provides powerful statistical evidence for large-scale clinical trials with CIK
cell therapy.
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Background

Gastric cancer is the second leading cause of death among all
cancers, with limited effective therapeutics and poor progno-
sis around the world [1]. Conventional chemotherapy and ra-
diotherapy is proven effective in improving survival rate, but
is still challenged by tumor recurrence and severe adverse ef-
fects in the treated patients [2,3]. In the pat 2 decades, a vari-
ety of immunotherapeutic approaches were developed for anti-
cancer treatment, such as initially developed adoptive transfer
of autologous tumor infiltrating lymphocytes (TIL) [4,5]. More
recently, tumor cell-targeted T cell therapeutics was explored,
such as adoptive transfer of chimeric T cell receptor (TCR)-
engineered T cells, in which TCR was coupled with a single-
chain variable fragment of tumor antigen antibody. The strategy
has been confirmed to be effective in shrinking and diminish-
ing solid tumors in phase | and I clinical trials [6,7], but cur-
rently the strategy is still challenged by problems such as the
high risk of developing autoimmune diseases, high heteroge-
neity of tumor antigens, and high cost of T cell engineering.
In addition, TCR-engineered T cells have not yet been devel-
oped for gastric cancer treatment. Thus, cytokine-induced kill-
er T cells (CIK)-based immune therapy is a feasible approach
and has been widely explored in China for the treatment of
a variety of cancers such as hepatocellular carcinoma [8], co-
lon cancer [9], and advanced non-small-cell lung cancer [10].
Recent studies in clinical trials also indicated that immuno-
therapy with CIK cells improved overall recurrence-free sur-
vival rate, without evidence of severe adverse effects [11-13].
CIK cells are CD3+CD56+ phenotype cytokine-induced killer T
cells, but are not restricted by major histocompatibility com-
plex (MHC) and can be easily grown in a large quantities in vi-
tro [14]. Due to their high proliferative ability, a large number
of CIK cells can be produced in 2-3 weeks after in vitro cul-
ture of peripheral blood mononuclear cells (PBMCs) stimulat-
ed with IL-2, IFN-y, and anti-CD3 antibody [15]. Studies in vivo
showed that PBMC-derived CIK cells can effectively reduce tu-
mor recurrence in association with release of high levels of
IFN-y and TNF-o, but not IL-2 or IL-4 [12,15].

Due to feasibility of use and potent anti-tumor activity of CIK
cells, CIK cells have recently been widely used in clinical tri-
als by several research groups [11,12,16-19]. However, the
therapeutic effects of CIK are variable due to numerous fac-
tors such as tumor stage, donor cell phenotype, number and
purity of donor cells, infusion doses and route, and combined
treatment with other adjuvants. It is reported that 5-year over-
all survival and 5-year disease-free survival (DFS) are greatly
improved with CIK therapy, as compared to the conventional
chemotherapy, accompanied with increased CD3+ T cell and
CD4+/CD8+ T cell ratio; however, multiple doses of CIK cells
and combinational treatment with other adjuvants are required
for long-term effective anti-tumor effects [13,16,18] such as
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FOLFOX4 [17], XELOX (Capecitabine and Oxaliplatin) [20], ox-
aliplatin (L-OHP) [19], and dendritic cells [12]. Age, sex, genetic
background, life-style, and tumor stage of patients during CIK
therapy may significantly contribute to CIK therapy effective-
ness. Thus, it is necessary to establish an international stan-
dardized CIK therapy protocol and perform a systemic review
of clinical trials by use of powerful statistical analysis to bet-
ter evaluate CIK therapeutics in patients.

Meta-analysis is a powerful statistical analysis, retrospective-
ly studying pooled data from multiple studies, with much low-
er random error than other statistical methods. In the present
study, we pooled clinical data from 6 relevant CIK-mediated
clinical trials involving gastric cancer patients after an exten-
sive online search that included 318 patients [12,13,16-19].
After meta-analysis, we conclude that adoptive transfer of CIK
cells significantly increased 5-year survival rate (OS) and odds
ratio (OR) (p<0.05), indicating long-term improved therapeutic
effects of CIK therapy over the conventional therapeutic ap-
proach for patients with gastric cancer.

Material and Methods

Literature research

A comprehensive online literature search was performed to
identify relevant studies on CIK therapy for gastric cancer us-
ing the NCBI Global Cross-database (PubMed, PMC, Gene,
PubChem) and Google Scholar, using search terms for “gas-
tric cancer” and “cytokine-induced killer cells”. No language
restriction was imposed in this research. Eligible articles and
relevant review articles were also manually reviewed.

Data collection and quality assessment

Articles relevant to comparison between CIK cell therapy and
conventional chemotherapy for patients with gastric cancer
were included for meta-analysis. Patient condition and cours-
es of treatment were not restricted for data inclusion. Studies
without description of recurrence, survival rates, and overall
survival rates were excluded. Books, letters, expert opinions,
and editorials were also excluded. We also excluded studies
published before January 1, 2000. In the second round of selec-
tion, we excluded the articles which were not written in English
and not aimed at investigating the association between CIK cell
therapy and gastric cancers. Articles without comprehensive
statistical information and lack of original data were excluded.

Data synthesis and statistical analysis

12 index was first calculated to assess the heterogeneity. A
Mantel-Haenszel (M-H) fixed-effects model (FEM) was used
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for data without statistically significant heterogeneity and
a DerSimonian and Laird (D-L) random-effects model (REM)
was used for data with statistically significant heterogeneity.
P<0.05 was considered as statistically significant heterogene-
ity. We used the FEM model in our analysis due to the small
size of our dataset. Publication bias was assessed by Begg’s
tests using STATA 12.0 software (Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP., USA), and data
were presented with funnel plot. Overall survival (OS) and odds
ratio (OR) with 95% confidence interval (Cl) were analyzed for
studies after 1, 2, 3, and 5 years of CIK therapy with case con-
trols by using software Revman version 5.2. OR>1 indicates
a lower recurrence of gastric cancer and better survival rate.

Statistical analysis of immune responses

For measuring the immune response analysis after CIK thera-
py, the number of CD3+ and ratio of CD4+/CD8+ among 5-year
CIK-treated patients were analyzed and data are presented as
mean #+standard deviation. Weighted mean difference (WMD)
was calculated by comparing mean and standard deviation in
the treatment group to the data acquired in the control group. A
positive WMD indicates increase in these 2 parameters, where-
as a negative WMD shows a decrease. An increase in these 2
parameters indicates an improved condition. Statistical anal-
ysis was performed with STATA 12 (Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP).

Results

Study selection and description

To clarify the significance of CIK treatment on gastric can-
cer patients, we performed a comprehensive online literature
search using the terms “gastric cancer” and “cytokine-induced
killer cells”. Initially we found 135 relevant studies. After ex-
clusion of studies that were published before 2000, non-rel-
evant to CIK therapy for gastric cancer, written in other lan-
guages, and lacked comprehensive statistical information and
original data, we finally identified 6 case-controlled studies for
our meta-analysis, which cover 318 patients treated with CIK
immunotherapy and 369 patients treated with conventional
therapy [12,13,16-20] (Figure 1). The characteristics of includ-
ed patients are described in Table 1.

CIK treatment increased overall survival rate of patients
with gastric cancer

We first analyzed the survival rate of 1-year, 2-year, 3-year, and
5-year post-CIK therapy as compared to the results of conven-
tional controls by using the t test. Patients undergoing conven-
tional treatment have gradual decreases in survival rate from
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1-year 79+10.92% to 2-year 56+11.9%, 3-year 43+8.31%, and
5-year 27+2.44%. CIK treatment moderately increased surviv-
al rate up to 1-year 85+11.3%, 2-year 69+15.27%, and 3-year
59+12.45%; these differences were not significant compared to
conventional control patients (p>0.05, n=4), but we observed
significantly improved 5-year survival rate at 49+7.62% in the
CIK-treated patients (n=4, p=0.03), indicating long-term ther-
apeutic effects of CIK therapy (Figure 2, Table 2).

To test the heterogeneity (1) of the datasets included in this
study, we analyzed heterogeneity (I?) in the included 1-year,
2-year, 3-year, and 5-year datasets under an M-H fixed-effects
model or a D-L random-effects model. The heterogeneity I? in
the 6 included studies was 0.0%, indicating that the datasets
included in this study were comparable.

The M-H fixed-effects model was applied for our meta-analy-
sis among 318 patients who received CIK therapy in combina-
tion with conventional chemotherapy and 369 patients who
received conventional therapy alone. Survival rates between
these 2 groups is represented as OR with 95% CI. A larger OR
value indicates a better therapeutic effect and p<0.05 indicates
significance. After analysis, we obtained a 1-year overall OR of
1.06 (95% CI=0.78-1.44, p=0.691); 2-year overall OR of 1.27
(95% Cl=0.88-1.81, p=0.198); 3-year overall OR of 1.33 (95%
C1=0.98-1.79, p=0.064), and 5-year overall OR of 1.77 (95%
Cl=1.25-2.51, p = 0.001) (Figure 3). Thus CIK treatment sig-
nificantly increased 5-year survival rate, and moderately in-
creased 1-year, 2-year, and 3-year survival rates, but not sig-
nificantly, consistent with the results obtained by using t tests.

Assessment of publication bias

To determine whether there was publication bias for the in-
cluded studies, we performed both Begg’s and Egger’s tests
for the 6 included studies, and data is presented by Funnel
plot. As shown in Figure 4, there was no significant publica-
tion bias in 1-year, 2-year, 3-year, and 5-year post-CIK and con-
ventional treatments (p=0.47, p=0.52, and p=77, p=0.98, re-
spectively) (Figure 4).

CIK treatment increased immune responses among
patients with gastric cancer

Helper CD4+ T cells and cytotoxic CD8+ T cells are major cell
types fighting against primary tumor cells and tumor metas-
tasis. It was reported that the number of CD3+ T cells and
CD4+/CD8+ ratio are significantly lower in the most gastric
cancer patients compared to those in healthy controls after
chemotherapy [16]. To determine whether the improved ther-
apeutic effects of CIK treatment is associated with increased
number of CD3+ T cells and elevated CD4+/CD8+ ratio in our
included study, we pooled the CD3+, CD4+ and CD8+ T cell
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Figure 1. Flow chart of record identification,
Potentially relevant articles from NCBI fscree.n!ng, and stud.y |nclus.|on. We
global database and googlr scholar (n=135) identified 135 studies for first-round
¢ Exclusion: books, other literatures published before exclusion and 6 studies were included
January 1, 2000 (n=53) for final meta-analysis.

Literatures with case control studies (n=82)

¢<— Exclusion: not primary case-control studies about CIK
cell therapy and gastric cancer (n=67)

Literatures about effects of CIK cell therapy
on risk of gastric cancer (n=15)

k— Exclusion: duplicated studies, studies without
retrievable raw data and control group information (n=9)

Literatures covered in our analysis (n=6)

Table 1. Clinical information of patients in meta-analysis. The table summarizes patients’ basic information regarding the tumor stage,
number of patients, cases age, previous treatment, doses of CIK cells, administration route.

Authors and Number of Median Previous Number of CIK cells Administration
year patients age treatment per infusion route

Gao, 2014 I, 1L 11, 1V 27 63.02+12.2 NA 58.5+22.3x10% Infusion

CT — chemotherapy; CIK — cytokine-induced killer cells; IC — intracutaneous; IV — intravenous; IP — intraperitoneal; RT — radiotherapy;
SC - subcutaneous; TTP — time to progression; PFS — progression-free.
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data from 4 included studies. The results showed that the
B CIK cell treatment number of CD3+ T cells and the CD4+/CD8+ ratio were both
I Conventional treatment moderately increased in the 5-year CIK-treated group as com-
pared to the control group (Table 3). The increased immune re-
sponses were correlated to increased overall weighted mean
difference (WMD), at 15.43 (95% Cl: 5.45-25.41, p=0.002) for
CD3+ T cell number and 0.44 (95% Cl: 0.32-0.56, p < 0.001)
for CD4+/CD8+ ratio. The random-effects model was applied
for analysis of immune responses due to high heterogeneity
(?=95.7%) and small database (Table 4).

1207

(=Y
t=3
1

Survival rate, %
k

1-year 2-year 3-year 5-year
Years post-treatment

Discussion

Figure 2. Overall survival rate (OS) of patients at 1-, 2-, 3- and
5-years post-CIK cell treatment and conventional Before cellular immunotherapy is explored for anti-tumor
treatment. Data are presented as mean survival rate therapy, cancer patients usually receive conventional thera-
tsta.ndard error f(?r each group of pat'?nts' tTeSt was py after tumor resection. However, the adjunct conventional
applied for statistical analysis, p<0.05 is considered . L . . R
. . therapy did not significantly prolong patient survival without
significant difference, n=4 per group. L . .
significant improvement of 5-year survival rate, whereas the

Table 2. Overall survival rate (OS) in the CIK cell treatment group and conventional treatment group.

Study CIK cell treatment OS (%) Total Conventional treatment 0S (%) Total

1-Year

jang 2006 6 6D 2 w5
sh202 73 8 74 73 @) m
Cuw203 so 08 st 44 938 47
Gao, 204 s ©) 2 o2 @ o2
Cayear
jang 2006 3 @) 0 2 9 @ 25
jang 2000 ss (735 75 43 (260 81
uw203 a7 ©2 st 3 @87 41
Csyear
jang 2006 s a9 = 3 o) 25
Cshio2 so 677 74 4 (a5 77
bw203 7 (25 st 28 (98 41
Cfhao 2013 3 @3 0 s 52 (464 2
Gao, 204 2 @ 2w n @
Cswear
jang 2000 0 @4 15 9 @9 8
S22 % (24 4 8 @349 0 77
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0dds ratio
Study Weight (%) M-H, fixed, 95% CI

1-year

Jiang, 2006 11.26 1.0410.42, 2.60]
Shi, 2012 454 1.04[0.66, 1.64]
Liu, 2013 29.7 1.06[0.59, 1.85]
Gao, 2014 14.15 1.19[0.54, 2.62]
Overall effects (p=0.691) 100.0 1.06[0.78, 1.44]
Heterogeneity: I’=0.0%

2-year

Jiang, 2006 13.66 1.13[0.42, 3.06]
Jiang, 2010 47.53 1.36[0.83,2.30]
Liu, 2013 38.82 1.1710.65, 2.10]
Overall effects (p=0.198) 100.0 1.27[0.88,1.81]
Heterogeneity: I’=0.0%

3-year

Jiang, 2006 4.0 1.04[0.21,5.09]
Shi, 2012 34.12 1.2410.74, 2.08]
Liu, 2013 23.37 1.22[0.65,2.29]
Zhao, 2013 29.41 1.3410.78,2.31]
Gao, 2014 9.11 2.00[0.81,4.91]
Overall effects (p=0.064) 100.0 1.33[0.98,1.79]
Heterogeneity: I’=0.0%

5-year

Jiang, 2010 29.06 1.7110.89, 3.28]
Shi, 2012 28.85 1.3910.70, 2.76]
Zhao, 2013 29.54 2.11[1.16, 3.86]
Gao, 2014 12.54 2.00[0.76, 5.23]
Overall effects (p=0.001) 100.0 1.77[1.25,2.51]

Heterogeneity: ’=0.0%

0dds ratio
M-H, fixed, 95% Cl

—_—

Favours control Favours immunotherapy

Figure 3. Forest plot for odds ratio (OR). Overall survival rate of patients in each study at 1-, 2-, 3-, and 5-years post-CIK cell treatment
was compared to the overall survival rate of patients with post-conventional chemotherapy by meta-analysis. The Mantel-
Haenszel (M-H) fixed-effects model (FEM) was used. OR is represented by a square with size proportional to the provided
information. The ends of the horizontal bars denote the 95% confidence interval (Cl). The blue diamond represent overall OR

of each study.

conventional therapy induced severe adverse effects in most
patients [3,16,21]. Recent extensive studies in animal mod-
els and clinical trials have confirmed that the immunothera-
py approach is more effective in anti-tumor activity than the
conventional therapy, but the results are variable among re-
ports. Clinical trials for gastric cancer by cellular immunother-
apy have been explored in China in recent years [12,13,16].
However, due to variability in sample sizes and lack of stan-
dardized clinical trial protocol and statistical methods, there
is still no firm conclusion about the effects of CIK-mediated
therapy in gastric cancer. To address this issue, we performed
an extensive online search, finally obtaining 6 clinical trials
relevant to CIK-mediated immunotherapy for gastric cancer in
China. We pooled datasets from 4 clinical trials covering 318
patients receiving CIK immunotherapy and 369 patients re-
ceiving conventional therapy. After analysis using the t test,
we observed a greatly improved 5-year survival rate of up to
49+7.6% in patients receiving CIK immunotherapy as com-
pared to those receiving conventional therapy with a surviv-
al rate of 27+2.4% (p<0.05). Further meta-analysis showed
that CIK immunotherapy significantly increased OR, up to 1.77
(p<0.005). In addition, we observed moderately increased OR

(1.06, 1.27, and 1.33) among patients receiving 1-year and
3-year post CIK-therapy, as compared to the control groups,
respectively. We speculate that the short duration of follow-
up after CIK treatment accounts for the moderate improve-
ment of OR as compared to that of 5-year post-CIK therapy.
Unfortunately, the studies did not provide detailed informa-
tion about symptom control, tumor histology, or comput-
ed tomography (CT) scan imaging during the short period of
time after surgery. We expect a greater symptom relief, tumor
shrinkage, and slower tumor growth among the patients at
1 and 3 years post-CIK therapy than in the patients who re-
ceived conventional therapy only. Overall, our meta-analysis
showed that CIKs therapy significantly improved 5-year sur-
vival of gastric cancer patients and that the significance is not
caused by publication bias.

Because it was reported that the number of CD3+ T cells and
the CD4+/CD8+ ratio are significantly lower in most gastric
cancer patients than those in healthy controls after chemo-
therapy [9], we performed additional statistical analysis of im-
mune responses in the 4 pooled studies. The results indicated
that CD3+ T cells number and ratio of CD4+/CD8+ T cells were
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Figure 4. Funnel plot for publication bias. 1-, 2-, 3- and 5-year OS were compared between CIK cell immunotherapy and conventional
chemotherapy in Mantel-Haenszel (M-H) fixed-effects model (FEM). Data was analyzed by Begg’s test, and presented as
Funnel plots (with pseudo 95% confidence intervals). The p value indicates the results of Begg’s test.

Table 3. Pooled data for immune responses in CIK cell treatment group and conventional chemotherapy.

49.6£11.7

Patient

Pre-therapy
Jiang, 2006 32

Post-therapy

Pre-therapy
Liu, 2013 51

Post-therapy

Pre-therapy
Shi, 2012 74

Post-therapy

Pre-therapy
Zhao, 2013 25

Post-therapy

80.7+9.21

CD4+/CD8+
31.5+8.4 32.7£9.5 0.940.1
38.5£9.7 28.615.1 1.440.2
29.54+7.82 26.32+6.48 1.06+0.25
38.12+8.02 19.62+5.92 1.37+0.29
26.5+6.1 NA 0.9+0.4
36.0£6.6 NA 1.440.3
NA NA NA
NA NA NA

Table 4. Meta-analysis for immune responses.

) Analysis Heterogeneity Publication bias
Period method
12 (%) p-value Overall Lower Upper
CD3+ Random 95.7 0.002 15.43 5.45 25.41 0.002 0.734 0.758
CD4+/CD8+ Random 78.2 0.01 0.44 0.32 0.56 <0.001 1.000 0.708
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moderately increased after CIK treatment as compared to the
results prior to CIK treatment. The WMD of CD3+ T cell num-
ber was increased up to 15.43 [95% Cl: 5.45-25.41, p=0.002],
and overall WMD of CD4+/CD8+ ratio was increased up to
0.44 [95% Cl: 0.32-0.56, p<0.001]. Thus, the improved thera-
peutic effects of CIK are correlated to the increased immune
responses, providing strong evidence of the role of CIK cells
in the defense against gastric tumors.

Conclusions

It should be noted that there were only 6 relevant clinical tri-
als extracted for our meta-analysis, and a larger sample size
may be required for further meta-analysis to obtain more con-
clusive results. In addition, all 6 clinical trials were reported in
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China, and data from other countries is still lacking. Therefore,
establishing an international registry on CIK cell-mediated can-
cer therapy is a critical step in standardization of clinical tri-
al protocol [22]. Further investigation of donor CIK cell tissue
distribution, survival and biological function, and host cellu-
lar and humoral immune responses to CIK cells would greatly
strengthen the conclusions drawn in this study.
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