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Abstract

Aim: The aim of this study was to systemically evaluate the therapeutic efficacy of cytokine-induced killer (CIK) cells for the
treatment of non-small cell lung cancer.

Materials and Methods: A computerized search of randomized controlled trials for CIK cell-based therapy was performed.
The overall survival, clinical response rate, immunological assessment and side effects were evaluated.

Results: Overall, 17 randomized controlled trials of non-small cell lung cancer (NSCLC) with a total of 1172 patients were
included in the present analysis. Our study showed that the CIK cell therapy significantly improved the objective response
rate and overall survival compared to the non-CIK cell-treated group. After CIK combined therapy, we observed substantially
increased percentages of CD3", CD4", CD4"CD8", CD3*CD56" and NK cells, whereas significant decreases were noted in the
percentage of CD8" and regulatory T cell (Treg) subgroups. A significant increase in Ag-NORs was observed in the CIK-
treated patient group (p =0.00001), whereas carcinoembryonic antigen (CEA) was more likely to be reduced to a normal
level after CIK treatment (p=0.0008). Of the possible major side effects, only the incidence of fever in the CIK group was
significantly higher compared to the group that received chemotherapy alone.

Conclusion: The CIK cell combined therapy demonstrated significant superiority in the overall survival, clinical response
rate, and T lymphocytes responses and did not present any evidence of major adverse events in patients with NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide [1]. According to the 2012 Chinese cancer registration
annual report, more than 3 million new cases of lung cancer will
be diagnosed every year, and the approximately 2.7 million deaths
from lung cancer will account for 13% of allmortalities. There is
no doubt that the incidence and mortality of lung cancer are far
too prevalent [2]. In patients with advanced lung disease, 1-year
survival rates are typically 35%, and 2-year survival rates were
shown to approach 15%-20% in recent studies [3]. At best, the 5-
year overall survival rate of localized cancer 1s 15.9%, and only
half of extended-stage patients have a 3.7% chance of surviving 5
years [4]. Most NSCLC patients have locally advanced or
metastatic cancer at stage IIIB-IV at the time of diagnosis, leaving
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only palliative therapeutic options. Based on the existing clinical
data, chemotherapy appears to have limited benefits and
disappointed prognoses [5].

The novel approach of adoptive cell immunotherapy relies on
an ex vivo expansion of the autologous tumor-specific effector cells
before their reinfusion into the host [6]. Since the development of
this immunotherapy, a number of immunological effector cells
have been employed to treat cancer and eliminate residual tumor
cells after surgery, such as CIK cells, lymphokine-activated killer
cells (LAKSs), tumor-infiltrating lymphocytes (TILs), natural killer
cells (NKs), and cytotoxic T lymphocyte cells (C'TLs) [7,8]. Among
them, LAKSs, which are a mixture of lymphokine-activated CD3*
T lymphocytes and CD3~CD56"CD16" NK cells, were cultured
with recombinant interleukin-2 (rIL-2) for 3 days, and CTLs were
1solated from a patient’s own tissues, including peripheral blood
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mononuclear cells (PBMCs), TILs, draining lymph nodes, or
PBMC s after vaccination with irradiated autologous tumor cells
(ATGCs) [7,8]. After adoptive cell immunotherapy made great
strides due to the efforts of several generations of researchers, CIK
cells were found to possess greater proliferative and cytolytic
capacities than NK or LAK cells. CIK cells are MHC-unrestricted
cytotoxic lymphocytes that can be generated in vitro from PBMCs
and cultured with the addition of IFN-y, IL-2 and CD3
monoclonal antibody (CD3mAb). Anti-tumor cytotoxic activity is
represented by surface markers for both T cells (TCR-oa/, CD3)
and NKT cells (CD3"CD56") [9].

The first clinical trial using CIK cell therapy for cancer patients
was reported in 1999 [10]. Soon afterward, a growing number of
clinical trials have suggested that CIK therapy yields highly
compelling objective clinical responses in several solid carcinomas
compared to other immunological effectors. A pooled analysis of
792 patients with solid carcinomas indicated that treatment with
CIK cells is associated with a significant prolonging of the mean
survival time and disease control rate [11]. Recently, both chinese
clinical trials with 563 patients and international registered clinical
trials with 426 cases of CIK cell therapy provided evidence for a
broad clinical application based on a positive evaluation of the
immunological and clinical responses [12,13]. Some systematic
reviews have analyzed CIK cell therapy and shown it to be safe
and efficient to treat renal cell carcinoma, hepatocellular
carcinoma, and colon cancer [14-16]. Furthermore, CIK cell
therapy has been perceived to have significant survival benefits in
a few NSCLC clinical trials [17-22]. These studies showed that
the immunotherapy of cancers with CIK cells may improve
immunological and clinical responses, promote the quality of life
(QoL) of cancer patients, and extend their life spans under certain
conditions. However, there is no systematic review to assess the
therapeutic efficacy of CIK cell therapies combined with
chemotherapy in NSCLC; therefore, we performed a systematic
meta-analysis of CIK cell therapy with randomized controlled
trials on NSCLC. Our large-scale CIK cell immunotherapy
clinical trials systematically analyzed the clinical efficiency and
safety considering the overall survival, clinical response, immuno-
logical assessments and side effects.

Methods

Study design, search strategy and eligibility criteria

The relevant studies were identified by searching PubMed, the
Cochrane Center Register of Controlled Trials, Science Direct,
Embase, and China National Knowledge Infrastructure for
randomized controlled trials (RCT) in the most recent decades.
The search strategy included the keywords ‘non-small-cell lung
cancer,” ‘adoptive immunotherapy,” and ‘cytokine induced killer
cells’ adoptive immunotherapy arms with no adjuvant treatment
in NSCLC patients except those who had undergone the same
chemotherapy compared with control arms. In addition, we
manually searched a website of clinical trials for ongoing trials. We
searched keywords ‘non-small-cell lung cancer’ and ‘cytokine
induced killer cells” on the website http://www.clinicaltrials.gov/.
The registered clinical trials with publication citations are
displayed at the bottom of the Full Text View tab of a study
record, under the More Information heading. Reference lists of
previously published trials and relevant review articles were
examined for other eligible trials. No language restriction was
applied. Review papers and postgraduate theses were also
examined for published results. Furthermore, we performed
manual searches in reference lists and conference proceedings of

the American Society of Clinical Oncology (ASCO) annual
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meetings and the European Cancer Conference (ECCO). We
excluded abstracts that were never subsequently published as full
papers and studies on animals and cell lines.

Data selection criteria

Data extraction was independently conducted by two reviewers
(Min Wang and Jun-Xia Cao) using a standardized approach.
Disagreement was adjudicated by a third reviewer (Zheng-Xu
Wang) after referring back to the original publications. The
selection criteria were as follows: (1) English language studies on
human clinical trials with patients at all stages of NSCLC were
included; (2) RCT with CIK cell-based immunotherapy combined
with chemotherapy versus chemotherapy alone for the treatment
of NSCLC were included; (3) all trials approved by the local
ethical committee and in which all patients signed a study-specific
consent form prior to study entry were included; (4) case studies,
review articles, and studies involving fewer than 10 patients were
excluded; (5) uncontrolled metabolic disease, inadequate hepatic
function, renal dysfunction, neurological disorders and other
infectious diseases were excluded from the study; and (6) blood
samples receiving any chemotherapy or radiotherapy within one
month before treatment were excluded.

The overall quality of each included paper was evaluated by the
Jadad scale [23]. A few of the major criteria were employed as a
grading scheme: (1) randomization; (2) allocation concealment; (3)
blinding; (4) lost to follow up; (5) I'T'T (intention to treat); and (6)
baseline. We also used a funnel plot to evaluate the publication
bias.

Definition of outcome measures

The primary clinical endpoints in RC'T for cancer therapies
employed the measures of median survival time (MST) and
progression-free survival (PFS). The time to progression (T'TP)
may not consider those patients who die from other causes but is
often used as equivalent to PF'S. The secondary endpoints were the
clinical response rate, including the objective response rate (ORR)
and disease control rate (DCR). The ORR was defined as the sum
of the partial rates (PRs) and complete response rates (CRs), and
the DCR was defined as the sum of the stable disease (SD), PR and
CR, according to the World Health Organization criteria. The
side effects and toxicity were graded according to the National
Cancer Institute Common Toxicity Criteria. The data were either
obtained directly from the articles or calculated using the graphed
data in articles using Photoshop and a software graph digitizer
scout.

Statistical analysis

The analysis was performed using Review Manager Version 5.0
(Nordic Cochran Centre, Copenhagen, Denmark). Heterogeneity
was assessed to determine which model should be used. To assess
the statistical heterogeneity between the studies, the Cochran Q-
test was performed using a predefined significance threshold of
0.1. The treatment effects are reflected by odds ratios (ORs),
which were obtained using a method reported by Mantel and
Haenszel. To evaluate whether the results of the studies were
homogeneous, Cochran’s Q test was performed. We also
calculated the quantity I?, which describes the percentage of
variation across studies that is due to heterogeneity rather than
chance. The OR was obtained using a fixed-effect model with no
statistically significant heterogeneity; otherwise, a random-effects
model was employed. P-values <0.05 were considered statistically
significant. All reported P-values were two-sided.
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Results

Selection of the trials

The data searches yielded 167 references, 91 of which were
considered ineligible for different reasons (44 non-CIK immuno-
therapy, 19 multiple cancer analyses, 18 reviews, and 10 animal
models). The remaining 76 articles were further evaluated, and 59
trials were excluded due to language, lack of an RCT, and
insufficient data. The final 17 articles were included in the meta-
analysis with RC'Ts of CIK cell-based therapy for the treatment of
NSCLC (Figure 1, also see the checklist S1).

The quality assessment of the 17 studies is summarized in
Table 1. We also used a funnel plot to evaluate the publication
bias. In our analysis, overall survival, clinical response rate, and
side effects suffered low published bias. However, immunological
assessment and T’ cell subgroups observed a high published bias
(Figure 2), which demonstrated that the node of the vertical line
does not meet the horizontal one at the midpoint by analysis with
Review Manager Version 5.0.

Characteristics of CIK cell-based therapy

The characteristics of the 17 trials are listed in Table 2. Our
selected 17 trials with a total of 1172 NSCLC patients in stage I-IV
were included in the present analysis, and 90% of them included
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metastatic or locally advanced NSCLC. The enrolled ages were
between 28 and 82 years of age, with a median age greater than
50.

In all 17 trials, the control arm was chemotherapy or cyberknife
alone, whereas the treatment arm was chemotherapy or cyberknife
combined with CIK cell therapy. In each trial, all of the patients in
the CIK group were treated identically to those in the
chemotherapy group in terms of chemotherapy doses and cycles.
In all 17 trials of the treatment arm, most of the patients were
treated with CIK cells plus DC immunotherapy combined with
chemotherapy, although patients in four of the trials were injected
with CIK cells combined with chemotherapy [6,30,38,39]. Most of
the CIK groups used DCs without pulse, i.e., the DCs were only
induced to become mature before co-culture with CIK cells. In 4
out of 17 studies, the DCs were injected while being pulsed with
lung cancer antigens or tumor lysate [17,22,33,37]. Some of the
necessary cytokines were supplied in a culture of CIK, IL-2, IFN-
v, and CD3mAb in a variety of culture media. The patients
received cell infusions of 1x10” to 2x10"? cells per course, mostly
at a 10° order of magnitude. Most of the treatments with repeated
CIK cell infusions were administered for at least 2 weeks, and
some of them lasted over 1 month. The injected route for
immunotherapy was mainly intravenous for CIK cells and via
subcutaneous injection for DCs (File S1 and File S2).

Figure 1. Flow diagram of the study selection process.
doi:10.1371/journal.pone.0112662.g001
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Figure 2. Funnel plot to evaluate the publication bias of T-cell subgroups. The analysis was performed using Review Manager

Version 5.0.
doi:10.1371/journal.pone.0112662.g002

Survival

The patients in the CIK group had significantly prolonged
MST compared with those in the non-CIK group (95%CI —7.45
to —0.66, p=0.02) (Table 3). The results of the pooled analysis
showed that the CIK arm significantly extended overall survival at
the end of follow-up, compared with the non-CIK group
(Table 4). Three subgroups of patients of the CIK cell-based
therapy group at l-year survival, 2-year survival, and 3-year
survival presented significant survival benefits compared to the
patients in the non-CIK group (OR 0.64, 95%CI 0.46-0.91,
p=0.01; OR 0.36, 95%CI 0.22-0.59, p<<0.0001; OR 0.37,
95%CI 0.20-0.70, p =0.002, respectively), which was consistent
with the overall survival (OR 0.50, 95%CI 0.39-0.64, p<<0.0001).
Based on the results of our analysis, the short-term survival
subgroup showed a significant difference at the 1-year and 2-year
survivals. The l-year survival for the 282 patients in the CIK
group was 56%, whereas a slightly lower l-year survival rate was
found for the non-CIK group (45% of 278 patients). A significant
difference was also demonstrated in the 2-year survival group,
which was 43.22% for 236 patients in the CIK group and 27.47%
of 233 patients without the CIK cell treatment. The long-term
survival rates in the CIK group showed a slight decrease compared
with the short-term survival rate; however, a significant difference
in the long-term survival rates was found compared to the non-
CIK group (p =0.002).

Concerning the median PFS, the CIK group did not produce
any significant improvement compared with the corresponding
control groups (95%CI —13.27 to 3.89, p=0.28), whereas the
median TTP clearly prolonged the median time to disease
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progression in the CIK group (95%CI —2.70 to —0.47,

$=0.005) (Table 3).

Response rate

The CIK cell-based therapy group showed favorable results
when subjected to both analysis of the ORR (OR 0.58, 95%CI
0.44-0.78, p=0.00003) and the DCR (OR 0.41, 95%CI 0.29-
0.58, p<<0.0001), compared with the corresponding control arms.
With no significant heterogeneity, a fixed-effect model was used in
the ORR and DCR analyses (Table 4). Cochran’s Q test resulted
in a statistically significant P-value, and the corresponding quantity
for I was 0% for both groups, indicating that there was no
evidence of heterogeneity among the individual studies.

Immunological assessment of T-cell subgroups

When heterogeneity was observed in the T-cell subgroups, a
random-effects model was applied for the overall and subgroup
analysis of T-cell immunological assessments (T'able 5). The results
demonstrated a substantially increased ratio of CD3* (MD 8.21,
95%CI 5.79-10.64, $<<0.00001), CD4" (MD 5.59, 95%CI 4.10—
7.07, $<<0.00001), CD4*CD8" (MD 0.49, 95%CI 0.37-0.61, p<
0.00001), CD3*CD56" (MD 7.80, 95%CI 2.61-12.98, p = 0.003)
and NK cells (CD37CD16'CD56") (MD 6.21, 95%CI 2.25—
10.17, p=0.002), whereas the ratio of CD3"CD8" (MD 2.55,
95%CI —2.46 to 7.56, p =0.32) generated no statistical improve-
ment after CIK treatment. In addition, the pooled analysis showed
a significant decrease in the percentage of CD8" (MD —2.75,
95%CI =388 to —1.63, p<0.00001) and Treg
(CD4*CD25*CD127 ) MD —1.26, 95%CI —1.94 to —0.58,
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Forest plot for the comparison of T-cell subgroups, before and after treatment with the CIK cell-based therapy. The random-effects meta-analysis model was used in this analysis.

doi:10.1371/journal.pone.0112662.t005
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p=0.0003) subgroups after treatment with CIK cell-based
therapy.

Immunological assessment of Ag-NORs and CEA

expression

Due to the limited data presented in the published papers, only
some of the immunological assessments, e.g., Ag-NORs (argyro-
philic nucleolar organizer regions), and NSCLC tumor markers,
e.g., CEA, were subjected to analysis. Heterogeneity was observed,
and a random-effects model was therefore applied for the analysis
of the subgroups and the overall analysis. The analysis showed that
the CIK group significantly improved the patients’ T lymphocyte
immune activity, showing better Ag-NORs (MD —0.71, 95%CI —
0.94 to —0.47, p =0.00001) compared with the non-CIK therapy
group (Table 6). The CEA expression level in the analysis was
based on two trials [38,39]. The plasma CEA was markedly
decreased in the CIK group compared to the non-CIK group
(MD 3.96, 95%CI 1.64-6.28, p =0.0008) (Table 6).

Toxicity and adverse reactions

The patients in the CIK group observed fewer severe side effects
from chemotherapy, such as fewer cases of grade III and IV
leucopenia, gastrointestinal adverse reactions, anemia and liver
dysfunction (Figure 3). Without significant heterogeneity, a fixed-
effect model (Mantel-Haenszel method) was used for the side effect
analysis.

After CIK cell transfusion, most of the patients developed a
slight fever, between 37.5 and 39 degrees, but the patients
recovered within a few days without severe side effects. Four types
of serious chemotherapy side effects could lead to toxic reactions in
both groups of patients. The pooled analysis showed that the
adverse effects of gastrointestinal adverse reactions (OR 1.77,
95%CI 1.20-2.59, p = 0.004) and anemia (OR 2.80, 95%CI 1.37—
5.73, p=0.005) generated a significant difference, with fewer
episodes in the CIK group. Leucopenia and liver dysfunction were
observed less frequently in the patients receiving the CIK
treatment, but neither set of data displayed a significant difference
compared with the non-CIK group (OR 1.59, 95% CI 0.93-2.72,
$=0.09; OR 1.11, 95%CI 0.60-2.06, p =0.73).

Discussion

Immunotherapy has benefited from an increased understanding
of tumor immunology and genetics. A number of studies have
confirmed that immunotherapy is a safe and feasible treatment
option for cancer patients [12-16]. Therefore, conventional
therapy combined with adoptive cell immunotherapy is associated
with a favorable prognosis compared to chemotherapy alone [18].
Our analysis was designed to eclucidate the effects of CIK cell
therapy on improving the therapeutic efficacy and safe treatment
of NSCLC patients based on a variety of evaluation indexes,
including clinical survival outcomes, clinical response rates,
immunophenotypes and adverse effects.

In our study, 17 trials were selected for the analysis of the
culture of CIK cells and treatment regimens. Most of the trials
collected 50-100 ml of autologous peripheral blood and separated
the mononuclear cells for further induction. Some of the necessary
cytokines were supplied to the cultures of CIK cells, such as IL-2,
IFN-y, and CD3mAb, in 1640 or serum-free medium. Based on
our study, most of the treatments with repetitive infusions of
1x10% to 2x10"? CIK cells were administered for at least 2 weeks
on every second day for a minimum of two treatment cycles.
However, the different doses and cycles of CIK cell transfusions
may lead to different outcomes and immune responses.
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In the present study, the CIK cell-based therapy group was
associated with favorable results based on an evaluation of both
the overall survival and clinical responses (Table 4). The l-year
survival (OR 0.64, 95%CI 0.46-0.91, p =0.01), 2-year survival
(OR 0.36, 95%CI 0.22-0.59, p<<0.0001), and 3-year survival (OR
0.37, 95%CI 0.20-0.70, p = 0.002) showed significantly prolonged
durations in the CIK cell therapy group. A favorable DCR and
ORR were also observed in patients receiving CIK cell therapy
(p<<0.0001). The MTTP and MST also showed significant
improvements in the CIK group (p =0.005, p=0.02). CIK cells,
which are also known as NKT cells, exhibit both the cytotoxicity
activities of T-lymphocytes and the restrictive tumor-killing
activity by non-MHC of NK cells, among which the main
effectors are CD3*CD56" cells [7]. In total, 4 of 17 trials used DCs
pulsed with lung cancer antigens or tumor lysate, whereas 9 trials
used mature DCs co-cultured with CIK cells (Table 2). DCs
possess antigen-presenting activities on the extracellular surface
and are able to activate the proliferation of T cells and CIK cells.
Therefore, considering the poor immunogenicity of NSCLC, CIK
infusion with an immunoadjuvant or tumor-specific antigen pulsed
DCs boosted the immune responses [24]. Therefore, CIK cell-
based therapy even acting through completely different mecha-
nisms for fighting cancer cells, can lead to an improvement in the
clinical objective responses based on the assessment of traditional
RECIST criteria [40].

The human immune response against cancer cells is mainly
dependent on cellular immunity. Previous studies have found that
the numerical ratios of T-lymphocyte subsets in the peripheral
blood are disordered in tumor patients [17]. In the present study,
we observed a substantially increased percentage of CD3" and
CD4" (p<<0.001), the ratio of CD4*CD8" and CD3"CD56" (p<
0.001) and NK cells (p =0.002), but a significant decrease in the
percentage of the CD8" ($p<0.001) and Treg (p=0.0003)
subgroups after DC-CIK treatment by meta-analysis. Many
studies have demonstrated that CIK cells possess strong cytotox-
icity against a variety of T-lymphocyte populations, among which
CD3"CD56" is mainly responsible for the MHC unrestricted
antitumor activity [8]. In addition, the number of CD4" and
CD8" T-cells plays an important role in affecting clinical outcomes
in NSCLC. The activation of CD4" T cells contributes to the
secretion of immune regulatory cytokines, including IL-2, IL-12,
and IFN-y, which in turn facilitate an elevation in the cytolytic
CD8" T cell responses, thereby inducing tumor cell death [25].
The activation of CD4* T cells also enhances the killing activity of
NK cells and the phagocytic activity of macrophages, triggering a
humoral immune response that leads to antibody production, thus
CD4" and CD8" have a synergistic relationship in immune
responses. Our meta-analysis demonstrated that CD3", CD4",
CD4"CD8*, CD3*CD56" and NK cells were increased after DC-
CIK treatment, therefore suggesting the improvement of immune
function after immunotherapy in the NSCLC patients.

In addition, we should note that CD8" T cells were not
significantly increased after the immunotherapy, which also
showed the varied immunophenotypes compared with the results
of other T-cell assessments by the CIK treatment in different solid
carcinomas [11-13]. Naive CD4" T lymphocytes undergo cell
differentiation in the presence of antigen, co-stimulatory molecules
and cytokines, and these cells can be divided into several major
groups: Thl, Th2 and Treg cells [26]. Thl helper cells are the
host immunity effectors against intracellular bacteria and proto-
zoa. These are triggered by IL-12, IL-2 and the effector cytokine
IFN-y. The main effector cells of Th]l immunity are macrophages,
CD8 T cells, IgG B cells, and CD4 T cells. Th2 helper cells are the
host immunity effectors against multicellular helminthes [26]. The
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Figure 3. Forest plot comparing the toxicity and no treatment-related side effects between the CIK group and the non-CIK group.
Some serious adverse effects were observed significantly less frequently in the CIK group. Due to the lack of heterogeneity, the fixed-effect model

was used.
doi:10.1371/journal.pone.0112662.g003
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main effector cells are eosinophils, basophils, and mast cells, as
well as IgE B cells and IL-4/1L-5 CD4 T cells [27]. T regulatory
cells  express FoxP3 and  produce TGF-B  and
CD47CD25"CD127~ T subgroups to suppress immune responses
against Thl and Th2. In addition, tumor cells also express high
levels of CD4"CD25" Treg cells, which help direct immunosup-
pressive cytokines to the tumor microenvironment [28], so the
decrease of the Treg cell may be helpful to remove the
immunosuppressive effect for NSCLC patients, and our results
also demonstrated a lower number of Treg cells. Higher
proportions of Treg and proliferating CD8* T cells were both
associated with poor survival in malignancies lung cancer [41],
suggesting that DC-CIK immunotherapy may play a role in
enhancing the immune function of NSCLC patients.

Immunotherapy exerts its effect on the cellular immune
response and requires time for immune cytokines to change the
tumor burden or survival time. In our present study, we also
evaluated T lymphocyte immune activity by Ag-NORSs in vivo and
the NSCLC tumor marker CEA. The significant increase in Ag-
NORs (p=0.00001) and the reduction in the CEA content
(p=10.0008) observed in the CIK group contributed to the
prevention of short-term recurrence and improvement of clinical
responses. We also analyzed clinical survival outcomes, clinical
response rates, immunophenotypes and tumor markers, and we
hypothesized that the CIK cells fight with tumor cells in several
different ways, including direct cellular interactions (Fas/FasL
pathway, granzyme B), the secretion of cytokines (IFN-y, TNI-a,
IL-2) and antibodies, and immune response regulations (T-
lymphocyte variations) [29]. In all, our meta-analysis evaluated a
variety of T-cell subgroups, and the differences in the cytokines
used for immunotherapy, and we found that the results were
consistent with the clinical therapeutic outcomes, such as the
overall survival and clinical response.

In our analysis, CIK cell-based therapy yielded a disappointing
result in non-infective fever (P<<0.0001), and no other major side
effect was observed. The pooled analysis showed that the adverse
effects of gastrointestinal adverse reactions (p =0.004) and anemia
(p =0.005) generated significant differences with fewer episodes in
the CIK group. Thus, CIK cell immunotherapy with chemother-
apy has proven to be a feasible and effective method for the
treatment of NSCLC without severe side effects.

Limitation of the study

The 17 trials included in this meta-analysis were selected with
an RCT to improve statistical reliability. To avoid bias in the
identification and selection of trials, we minimized the possibility
of overlooking published papers to the greatest extent. Although
we selected using RC'T as much as possible, there are some major
criteria that did not receive a good grade under the Jadad scale,
such as allocation concealment and intention-to-treat, meaning
our study may have a moderate risk of bias. We also used a funnel
plot to evaluate the publication bias. In our analysis, overall
survival, clinical response rate, and side effects suffered low
published bias; however, immunological assessment and T cell
subgroups observed a high published bias. Therefore, there are
some limitations to our study. First, CIK cell-based therapy is a
greater concern for Chinese scholars; therefore, all 17 selected
trials were from Asia, because there is a global lack of any
multinational large-sample multicenter clinic research regarding
CIK cell therapy for NSCLC. Second, some of the papers had to
be excluded due to the lack of a control arm during the
experimental design; however, some of the papers produced even
better prognosis after the CIK treatment. Third, our analyzed data
were selected from published papers rather than drawn first-hand
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from patient records, potentially causing an overestimation of the
analytical results. Therefore, only the enrollment of a larger
sample could minimize this bias. However, various crucial issues
for CIK cell-based immunotherapy need to be conquered before it
can be approved as a standard treatment for NSCLC tumors due
to several obstacles. First, the different dosage and treatment
regimens of CIK cell transfusions may lead to different outcomes
and immune responses. Second, although most of our selected
papers focused on therapeutic outcomes based on chemotherapy
RECIST criteria, due to the different tumor killing mechanisms, a
novel immune-related response criterion (irRC) should also be
used for the assessment of immunotherapy clinical activities [40].
Third, due to the poor immunogenicity of NSCLC, optimizing
DC modifications combined with CIK cell infusion may contrib-
ute to more favorable clinical outcomes in NSCLC patients.

Taken together, the CIK-combined therapy for NSCLC
presented a significantly prolonged overall survival, an improved
clinical response rate, a strengthened immune system, and low
rates of adverse side effects. The CIK therapy is more concerned
with reducing the tumor burden stage than curing cancer. The
CIK adoptive immune therapy showed potential regarding
improved clinical outcomes, and there is increasing evidence that
the CIK therapy treatment of NSCLC evokes specific humoral
and cellular antitumor immune responses. However, the timing of
the immunotherapy, dosage, regimens and efficient tumor
antigens still require further research.

Conclusion

In total, 17 randomized controlled trials of NSCLC with 1172
patients were included in the present analysis. Combined CIK cell
therapy for the treatment of NSCLC demonstrated significant
superiority in terms of overall survival and objective response
compared with the non-CIK group. The T-lymphocyte subgroups
also seemed to favorably affect the immune system after
chemotherapy. The data also indicated that CIK therapy relieves
the side effects of chemotherapy without causing any additional
major side effects aside from non-infective fever. This analysis
supports a further larger-scale meta-analysis for the evaluation of
the efficacy of CIK adoptive cell therapy for the treatment of
NSCLC in the future.

Supporting Information

Checklist S1 PRISMA Checklist.
(DOCX)

File S1 Language edit certification (Figures S1A.tif and
Figures S1B.tif).

(TTF)

File S2 References specification.
(PDF)

Acknowledgments

This research work was supported by the National Natural Science
Foundation of China (No. 31171427 and 30971651 to Zheng-Xu Wang),
Beijing Municipal Science and Technology Project for Clinical Charac-
teristics and Application Research of Capital (No. Z121107001012136 to
Zheng-Xu Wang); the National Natural Science Foundation of China
(No. 30700974 to Jun-Xia Cao) and the Postdoctoral Foundation of China
(No. 20060400775 to Jun-Xia Cao).

November 2014 | Volume 9 | Issue 11 | e112662



Author Contributions

Conceived and designed the experiments: ZXW. Performed the experi-
ments: MW JXC. Analyzed the data: MW JXC BLX XYZ J. Li J. Liu

References

1.

2.

20.

21.

Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics. CA
Cancer J Clin 55: 74-108.

Chen WQ, Zheng RS, Zhang SW, Zhao P, Li GG, et al. (2013) Chinese cancer
registration annual report: National cancer registration center of lung cancer.

Chin J Cancer Res 25(1): 10-21.

. Arango BA, Castrellon AB, Santos ES, Raez LE (2009) Second-line therapy for

non-small-cell lung cancer. Clin Lung Cancer 10(2): 91-98.

. National Institutes of Health (2012) Cancer of the Lung and Bronchus-SEER

Stat Facts Sheet. http://seer.cancer.gov/statfacts/htm/lungb.html.

. Jiang J, Liang X, Zhou X, Huang R, Chu Z, et al. (2013) Non-platinum doublets

were as effective as platinum-based doublets for chemotherapy-naive advanced
non-small-cell lung cancer in the era of third-generation agents. J Cancer Res

Clin Oncol 139(1): 25-38.

. Wu C, Jiang J, Shi L, Xu N (2008) Prospective study of chemotherapy in

combination with cytokine-induced killer cells in patients suffering from
advanced non-small cell lung cancer. Anticancer Res 28(6B): 3997-4002.

. Choi D, Kim TG, Sung YC (2012) The past, present, and future of adoptive T

cell therapy. Immune Netw 12(4): 139-147.
Sangiolo D (2011) Cytokine induced killer cells as promising immunotherapy for
solid tumors. J Cancer 2: 363-368.

. Rutella S, Tudicone P, Bonanno G, Fioravanti D, Procoli A, et al. (2012)

Adoptive immunotherapy with cytokine-induced killer cells generated with a
new good manufacturing practice-grade protocol. Cytotherapy 14(7): 841-850.
Schmidt-Wolf IG, Finke S, Trojaneck B, Denkena A, Lefterova P, et al. (1999)
Phase I clinical study applying autologous immunological effector cells
transfected with the interleukin-2 gene in patients with metastatic renal cancer,
colorectal cancer and lymphoma. Br J Cancer 81: 1009-1016.

. MaY, Zhang Z, Tang L, Xu YC, Xie ZM, ct al. (2012) Cytokine-induced killer

cells in the treatment of patients with solid carcinomas: a systematic review and

pooled analysis. Cytotherapy 14(4): 483-493.

. Hontscha C, Borck Y, Zhou H, Messmer D, Schmidt-Wolf IG (2011) Clinical

trials on CIK cells: first report of the international registry on CIK cells (IRCC).
J Cancer Res Clin Oncol 137(2): 305-310.

. LiXD, Xu B, Wu J, Ji M, Xu BH, et al. (2012) Review of Chinese clinical trials

on CIK cell treatment for malignancies. Clin Transl Oncol 14(2): 102-108.

. Jakel CE, Hauser S, Rogenhofer S, Miiller SC, Brossart P, et al. (2012) Clinical

studies applying cytokine induced killer cells for the treatment of renal cell
carcinoma. Clin Dev Immunol 2012: 473245.

. MaY, Xu YC, Tang L, Zhang Z, Wang J, et al. (2011) Cytokine-induced killer

(CIK) cell therapy for patients with hepatocellular carcinoma: efficacy and
safety. Exp Hematol Oncol 1(1): 11.

. Wang ZX, Cao JX, Liu ZP, Cui YX, Li CY, et al. (2014) Combination of

chemotherapy and immunotherapy for colon cancer in China: A meta-analysis.
World J Gastroenterol 20(4): 1095-1106.

. Li H, Wang C, Yu J, Cao S, Wei F, et al. (2009) Dendritic cell-activated

cytokine-induced killer cells enhance the anti-tumor effect of chemotherapy on
non-small cell lung cancer in patients after surgery. Cytotherapy 11(8): 1076—

1083.

. Mo C, Gao J, Wang J, Huang Y, Wu X, et al. (2005) Clinical efficacy of DC-

activated and cytokine-induced killer cells combined with chemotherapy in
treatment of advanced lung cancer. Chinese J Cancer Biotherapy 17(4): 419—
423. doi: 10. 3872/j. issn. 1007-385X. 2010. 04. 011.

. Peng D, LiJ, Yuan J, Liu Y, Yu W, et al. (2012) Efficacy and safety of autologous

DC and CIK cells cominedPemetrexed in the treatment of elderly patients with
non-small cell lung cancer. Chinese J Immunol 28(7): 648-652. doi: 10.3969/
j-issn.1000-484X.2012. 07.017.

Sheng CH, Bao F, Xu S, Chang CY (2011) Clinical research on chemotherapy
combined with dendritic cell-cytokine induced killer cells for non-small cell lung
cancer. Journal of Practical Oncology 26(5): 503-506.

Shi SB, Ma TH, Li CH, Tang XY (2011) Effect of maintenance therapy with
dendritic cells: cytokine-induced killer cells in patients with advanced non-small
cell lung cancer. Tumori 98(3): 314-319.

PLOS ONE | www.plosone.org

12

CIK Cell Therapy in Treatment of NSCLC

HBW. Contributed reagents/materials/analysis tools: JHP YSL DL.
Wrote the paper: MW JXC.

22.

23.

24.

26.

27.

28.

29.

30.

32.

33.

34.

36.

38.

39.

40.

41.

Zhong R, Teng J, Han B, Zhong H (2011) Dendritic cells combining with
cytokine-induced killer cells synergize chemotherapy in patients with late-stage
non-small cell lung cancer. Cancer Immunol Immunother 60(10): 1497-1502.
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, et al. (1996)
Assessing the quality of reports of randomized clinical trials: Is blinding
necessary? Control Clin Trials 17: 1-12.

Shepherd FA, Douillard JY, Blumenschein GR Jr (2011) Immunotherapy for
non-small cell lung cancer: novel approaches to improve patient outcome.

J Thorac Oncol 6(10): 1763-1773.

. Arens R, Schoenberger SP (2010) Plasticity in programming of effector and

memory CD8 T-cell formation. Immunological Reviews 235: 190-205.
Mucida D, Cheroutre H (2010) The many face-lifts of CD4 T helper cells.
Advances in Immunology 107: 139-152.

Neurath MF, Finotto S, Glimcher LH (2002) The role of Th1/Th2 polarization
in mucosal immunity. Nature Medicine 8: 567-573.

Gallimore A, Godkin A (2008) Regulatory T cells and tumor immunity
observations in mice and men. Immunology 123: 157-163.

YuJ, Zhang W, Jiang H, Li H, Cao S, et al. (2008) CD4+T cells in CIKs (CD4+
CIKs) reversed resistance to fas-mediated apoptosis through CD40/CD40L
ligation rather than IFN-gamma stimulation. Cancer Biother Radio pharm
23(3): 342-354.

Li R, Wang C, Liu L, Du C, Cao S, et al. (2012) Autologous cytokine-induced
killer cell immunotherapy in lung cancer: a phase II clinical study. Cancer
Immunol Immunother 61(11): 2125-2133.

. Xu Y, Xu D, Zhang N, Chen F, Liu J (2011) Observation of Chemotherapy

Combined with Cytokine-induced Killer Cells and Dendritic Cells in Patients
with the Advanced Non-Small Cell Lung Cancer. Prac J Cancer 25(2): 163-166.
Xu Y, Xu D, Zhang N, Chen F, Zhang G, et al. (2011) Effection of NP
concurrent chemotherapy radiotherapy and sequential adoptive immunity cell
for locally advanced non-small cell lung cancer. Chinese J Cancer Prev Treat
18(13): 1032-1035.

Yang L, Ren B, Li H, Yu J, Cao S, et al. (2013) Enhanced antitumor effects of
DC-activated CIKs to chemotherapy treatment in a single cohort of advanced
non-small-cell lung cancer patients. Cancer Immunol Immunother 62(1): 65-73.
You Z, Su X, Liu Y (2012) Observation on Clinical Efficacy of DC-CIK
Biotherapy Auxiliary Interventional Chemotherapy on Central Non-Small-Cell
Lung Carcinoma. Anti-tumor Phar 2(3): 193-196. doi: 10.3969/].issn.2095-
1264.2012.03.010.

. Yuan J, Peng D, Li J (2011) Clinical effects of administering dendritic cells and

cytokine induced killer cells combined with chemotherapy in the treatment of
advanced non-small cell lung cancer. ] Clin Pulmonary Med 16(12): 1910-1911.
Zhang J, Mao G, Han Y, Yang X, Feng H, et al. (2012) The clinical effects of
DC-CIK cells combined with chemotherapy in the treatment of advanced
NSCLC. Chin Ger J Clin Oncol 11(2): 67-71.

. Zhong R, Han B, Zhong H, Gong L, Sha H, et al. (2008) Dendritic cells

immunotherapy combined with chemotherapy inhibits postoperative recurrence
and metastasis in stage IB of NSCLC after radical surgery. China Oncol 18(10):
760-764.

Zheng FC, Zhang XY, Feng HZ, Chen J, Sun Y, et al. (2012) Clinical Study of
Stereotactic Conformal Body y-knife Combined with Adoptive Immunotherapy
(Dendritic Cell and Cytokine-induced Killer Cell) in the Treatment for
Advanced Non-small Cell Lung Cancer. Journal of Chinese Oncology 18(11):
815-818.

Wang YY, Wang YS, Liu T, Yang K, Yang GQ, et al. (2013) Efficacy study of
Cyber Knife stereotactic radio surgery combined with CIK cell immunotherapy
for advanced refractory lung cancer. Exp Ther Med 5(2): 453-456.

Wolchok JD, Hoos A, O’DayS, Weber JS, Hamid O, et al. (2009) Guidelines for
the evaluation of immune therapy activity in solid tumors: immune-related
response criteria. Clin Cancer Res 15: 7412-7420.

McCoy MJ, Nowak AK, van der Most RG, Dick IM, Lake RA (2013) Peripheral
CD8(+) T cell proliferation is prognostic for patients with advanced thoracic
malignancies. Cancer Immunol Immunother 62(3): 529-539.

November 2014 | Volume 9 | Issue 11 | e112662


http://seer.cancer.gov/statfacts/htm/lungb.html

