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Abstract: Objective: Professional antigen-presenting dendritic cells (DCs) and cytokine-induced killer (CIK) cells,
components of anti-cancer therapy, have shown clinical benefits and potential to overcome chemotherapeutic re-
sistance. To evaluate whether DC-CIK cell-based therapy improves the clinical efficacy of chemotherapy, we reviewed
the literature on DC-CIK cells and meta-analyzed randomized controlled trials (RCTs). Methods: We searched several
databases and selected studies using predefined criteria. RCTs that applied chemotherapy with and without DC-CIK
cells separately in two groups were included. Odds ratio (OR) and mean difference (MD) were reported to measure the
pooled effect. Results: Twelve reported RCTs (826 patients), which were all performed on Chinese patients, were
included. Combination therapy exhibited better data than chemotherapy: 1-year overall survival (OS) (OR=0.22,
P<0.01), 2-year OS (OR=0.28, P<0.01), 3-year OS (OR=0.41, P<0.01), 1-year disease-free survival (DFS) (OR=0.16,
P<0.05), 3-year DFS (OR=0.32, P<0.01), objective response rate (ORR) (OR=0.54, P<0.01), and disease control
rate (DCR) (OR=0.46, P<0.01). Moreover, the levels of CD3" T-lymphocytes (MD=-11.65, P<0.05) and CD4"
T-lymphocytes (MD=-8.18, P<0.01) of the combination group were higher. Conclusions: Immunotherapy of DC-CIK
cells may enhance the efficacy of chemotherapy on solid cancer and induces no specific side effect. Further RCTs with
no publishing bias should be designed to confirm the immunotherapeutic effects of DC-CIK cells.
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1 Introduction enhance the immune abilities of patients to eliminate

cancer cells, is an alternative and promising option in

Patients of malignant cancer often suffer from
the adverse effects of common therapies (surgery,
radiotherapy, or chemotherapy). These treatments
extend survival time, but may result in low quality-
of-life. Small remnant lesions in situ and metastatic
cancer cells are the main reasons for recurrence.
Immunotherapy, using various methods to restore and
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treating cancers (Liu et al., 2009). Immunotherapy
overcomes immunosuppression induced by cancer,
surgery, or chemotherapeutic agents (Shi et al., 2012).
Diverse immunologic cells have been used in im-
munotherapy (Niu et al., 2011).

Cytokine-induced killer (CIK) cells, considered
as the most cytotoxic immunologic effector cells,
originate in vitro after being incubated with lympho-
cytes with CD3 monoclonal antibody (CD3McAb),
interleukin (IL), and interferon (IFN) (Linn et al.,
2002). Schmidt-Wolf ef al. (1991) reported the anti-
cancer potential of CIK cells and confirmed that CIK



744 Lan et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(9):743-756

cells suppress the tumor burden and prolong survival
of the murine severe combined immune deficiency
(SCID)/human lymphoma models for the first time.
Clinical studies have shown high efficiency, low
toxicity (Liu et al., 2012), and prolonged overall sur-
vival (OS) and disease-free survival (DFS) after CIK
treatment (Hao et al., 2010; Pan et al., 2010).

Dendritic cells (DCs) can process and present
antigens to T-lymphocytes. Different kinds of DC-
vaccines have shown anti-tumor effects (Palucka
et al., 2010; Baek ef al., 2012). The innate quality of
DCs in antigen presenting could effectively counter-
act the specificity deficiency and enhance the cyto-
toxicity of CIK cells. A rising number of studies
(Thanendrarajan et al., 2011; Wang et al., 2014a;
Zhong et al., 2014) on the combination of active and
passive immunotherapy have shown improved anti-
tumor immune responses.

Synergistic use of CIK cells and docetaxel
demonstrated a stronger anti-tumor effect in several
multidrug-resistant lung adenocarcinoma cell lines
(Liu et al., 2009). The property of antagonistic drug
resistance of DC-CIK cells makes it appropriate for
improving the clinical outcome of chemotherapy.

However, there is still no consensus on the utility
of DC-CIK cells against solid cancers because of the lack
of large-sample clinical trials. Accordingly, we meta-
analyzed clinical randomized controlled trials (RCTs)
and evaluated whether the DC-CIK therapy enhances
anti-tumor activity and optimizes clinical outcomes.

2 Methods
2.1 Literature search

We searched MEDLINE, PubMed, SinoMed,
and ClinicalTrials.gov, using the keywords “cytokine-
induced-killer” and “cancer” in English and Chinese
languages. Free-text search was also performed. We
also requested more clinical information by contact-
ing drug manufacturers.

2.2 Eligibility criteria

The main criteria for study inclusion were as
follows: (1) RCTs, (2) the two arms in the study were
chemotherapy and DC-CIK combined with chemo-
therapy, and (3) patients included were histologically
confirmed as having solid cancer.

Main criteria for study exclusion were as follows:
(1) phase I clinical study, (2) cohort studies, (3) retro-
spective study, (4) hematological cancer, or (5) use of
DCs or CIK cells as simple regimen of immunotherapy.

2.3 Data extraction

Two reviewers extracted data independently.
Any discrepancies were resolved by consensus. Data
extracted are as follows: name of author, year of
publication, number of patients, type of cancer, me-
dian age, treatment duration, median follow-up, me-
dian DFS, median OS, complete response (CR), par-
tial response (PR), and stable disease (SD).

2.4 Definition of outcome measurement

The primary endpoint in the analysis was OS.
Other endpoints were DFS, disease control rate (DCR:
CR+PR+SD), and objective response rate (ORR:
CR+PR).

2.5 Statistical analysis

Cochrane Collaboration’s tool was applied to
judge risk of bias, containing seven items. Statistical
analysis was performed mainly by comparison of two
arms of therapy using Review Manager 5.0 (Nordic
Cochrane Centre, Cochrane Collaboration, Copenha-
gen, Denmark). Cochrane’s Q-test and P (the corre-
sponding quantity) demonstrated statistical hetero-
geneity among studies, and helped us choose an
appropriate analysis model (fixed-effect model or
random-effect model), with the significance threshold
predefined as 0.1. For dichotomous variables (OS,
DFS, DCR, and ORR), we calculated the pooled odds
ratio (OR) of studies with the statistical method of
Mantel-Haenszel to reflect the clinical effect of
treatment, and pooled OR of <1 indicated that the
combination therapy showed the preferred outcome.
For continuous variables (number of T-lymphocyte
subtypes), we calculated the mean difference (MD) of
two arms of therapy. STATA 12.0 (STATA Co., Col-
lege Station, TX, USA) was also applied for analysis.
P-values of <0.05 indicated statistical significance.

3 Results
3.1 Selection of studies

Five hundreds and ninety-eight studies, includ-
ing 300 from MEDLINE and PubMed, 43 registered
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in ClinicalTrials.gov, and 255 from SinoMed, were
analyzed initially. Of these, 489 were excluded be-
cause of lack of an immunotherapy arm, absence of
clinical trial, or duplication. Fifty-five studies were
excluded because of lack of evidence to prove that
they are RCTs, leaving 26 articles in English and 28
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3.3 Patients’ characteristics of included trials

Twelve RCTs, available as published articles

including 826 patients in total, were included. Dis-
tribution of gender and the median age of patients
between groups had no significant differences.

articles in Chinese. Finally, 12 RCTs that used
chemotherapy with and without DC-CIK separately

300 studies from 43 studies from th 255 studies from
the MEDLINE and | | “Zoiie 1om e the SinoMed
PubMed 9 Database

as two arms were included (Fig. 1).
3.2 Quality assessment

Random sequence generation of nine studies
were judged as low risk and the remaining three
studies lacked relevant depiction. However, allocation
concealment was not feasible owing to the difference
of treatment procedures between groups and was not
described in sufficient detail in all studies. Risks of
blinding and incomplete outcome data were low.
Eight studies were of unclear risk in terms of selective
reporting, and the other four studies were considered
at high risk because of the lack of primary outcome
data (Fig. 2).

! 1
+
Scanning titles and

abstracts of 598 studies

489 studies were
excluded because of lack
of an immunotherapy
arm, absence of clinical
trial, or duplication

Scanning full texts

of 109 studies

55 studies were
excluded because of
lack of evidence to
prove they are RCTs

Reading full texts of
the rest 54 studies

42 studies were excluded
because the
immunotherapies applied
were not DC-CIK cells

‘ 12 studies satisfying the inclusion criteria were included

Fig. 1 Flowchart of study selection process
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Fig. 2 Results of quality assessment of included studies
(a) Risk of bias in each study. (b) Overall result of each item in quality assessment. DcZhu2011C, DcZhong2011L,
DcZhang2011C, DcYuan2013L, DcYuan2011L, DcYuan2011C, DcSheng2011L, DcRen2013B, DcNi2013B,
DcLi2012C, DcLi2009L, and DcGao2014G represent the studies as shown in Table 1
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Table 1 summarizes the therapeutic regimens and
other characteristics of included patients.

3.4 Characteristics of DC-CIK cell therapy

In all studies, autologous mononuclear cells
were collected from patients and cultivated in
medium. Adherent cells were then cultured with
granulocyte-macrophage colony-stimulating factor
(GM-CSF), IFN-y, tumor necrosis factor (TNF)-a,
interleukin (IL)-4, and autologous tumor antigen, and
finally the DCs were harvested. Suspension cells were
cultured in a medium containing I[FN-y, CD3MCcAD,
and IL, transforming to CIK cells. Table 2 summa-
rizes details of culture and regimens of DC-CIK cells.

3.5 Efficacy assessments
3.5.1 Overall survival

Six studies, which included 352 patients, re-
ported 1-year OS. The 1-year OS rates in the chemo

Lan et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(9):743-756

group (in which patients received chemotherapy only)
and the combination group (in which patients re-
ceived a combination of DC-CIK cells and chemo-
therapy) were 71.19% and 89.14%, respectively. OR
in only one study (DcZhu2011C; Fig. 3a) showed
statistical significance independently, but when the
studies were integrated, the general OR was 0.22
(P<0.0001), indicating a significantly better 1-year
OS in the combination group than in the chemo group
(Fig. 3a).

Information on 2-year OS was analyzed from six
studies, which covered 352 patients. The 2-year OS
rates in the chemo group and the combination group
were 55.93% and 72.57%, respectively. All studies
showed a longer 2-year OS in the combination group
than in chemo group, among which only one
(DcGao2014G; Fig. 3a) exhibited statistical signif-
icance. OR of 0.28 (P<0.0001) indicated that the
general 2-year OS in the combination group was

Table 1 Characteristics of included patients

Receiving Chemo group Combination group
Study ID Cancer type  surgery . Number of Median . Number of Median
previously Regimen patients/ age Regimen patients/ age
males (year) males  (year)
DcLi2009L NSCLC Yes  Navelbine+ 42/28 60.5 DC-CIK+cisplatint  42/28 61
(Li et al., 2009) cisplatin navelbine
DcZhong2011L NSCLC No NP 14/7 DC-CIK+NP 14/6
(Zhong et al., 2011) (vinorelbine with
platinum)
DcYuan2011L NSCLC No Chemotherapy ~ 32/20 66  DC-CIK+ 32/22 67.5
(Yuan et al., 2011a) (unclear) chemotherapy
(unclear)
DcSheng2011L NSCLC No NP 33 DC-CIK+NP 32
(Sheng et al., 2011)
DcZhang2011C Rectal cancer No FOLFOX/ 31 DC-CIK+ 32
(Zhang et al., 2011) FOLFIRI FOLFOX/FOLFIRI
DcYuan2011C Colorectal No Chemotherapy  21/16 58 DC-CIK+ 21/15 60
(Yuan et al.,2011b)  cancer (unclear) chemotherapy
(unclear)
DcZhu2011C Colorectal No CF+5-Fu 43/27 58.3 DC-CIK+CF+5-Fu 40/24 59.2
(Zhu et al., 2011) cancer
DcLi2012C Colon cancer No Oxaliplatin+ 20/15 57.5 DC-CIK+CF+5-Fut+  20/13 54.5
(Liet al., 2012) CF+5-Fu oxaliplatin
DcRen2013B Breast cancer No SDC 79 52 DC-CIK+HDC 87 50
(Ren et al., 2013)
DcYuan2013L NSCLC No Platinum-based 44 DC-CIK+Platinum- 31
(Yuan et al., 2013) doublet based doublet
chemotherapy chemotherapy
DcNi2013B Breastcancer  Yes AT 26 51 DC-CIK+AT 36 49
(Niet al., 2013)
DcGao2014G Gastric/ Yes  Chemotherapy  27/16 64.48 DC-CIK+ 27/16 61.56
(Gao et al., 2014) colorectal (unclear) chemotherapy
cancer (unclear)

NSCLC: non-small cell lung cancer; NP: vinorelbine and platinum; FOLFOX: 5-fluorouracil/leucovorin/oxaliplatin; FOLFIRI: 5-fluorouracil/
leucovorin/irinotecan; CF: calcium folinate; 5-Fu: 5F-dUMP; SDC: standard-dose chemotherapy; HDC: high-dose chemotherapy;
AT: docetaxel and doxorubicin
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Table 2 Characteristics of DC-CIK cell therapy

Study ID DC-CIK cell regimen Culture of CIK cells Culture of DC cells
DcLi2009L Two times of (13.07+1.37)x10° cells at I-d ~ CD3McAb, IL-10, IFN-y, GM-CSF, autologous
(Liet al., 2009) intervals IL-2 tumor lysate
DcZhong2011L (8.1£2.5)x10° DC cells and (13.3+3.5)x10°  IFN-y, CD3-Ab, IL-2 GM-CSF, IL-4, CEA
(Zhong et al., 2011) CIK cells peptide
DcYuan2011L Four times of DC-CIK cell transfusion Unclear Unclear
(Yuan et al., 2011a)
DcSheng2011L Two courses of 5x10° cells for four times IFN-y, CD3McADb, IL-1a, GM-CSF, IL-4, TNF-a
(Sheng et al., 2011) IL-2
DcZhang2011C Three times of cells >1x107 L™ IFN-y, IL-2, CD3McAb, GM-CSF, IL-4, autologous
(Zhang et al., 2011) IL-1 tumor Ag, TNF-2a
DcYuan2011C DC cells >10° ml™" and CIK cells >10" mlI™'  IFN-y, CD3McAb, IL-1a, GM-CSF, IL-4, [FN-y,
(Yuan et al., 2011b) IL-2 TNF-2a
DcZhu2011C 5x10° U/L CIK cells and (3-7)x10” DC cells IFN-y, CD3McAb, IL-2  IFN-y, LPS
(Zhu et al., 2011)
DcLi2012C Two courses of transfusion on the 14, 15, IFN-y, CD3McADb, IL-2  GM-CSF, IL-4, [FN-y
(Lietal., 2012) 16 d of cell culture
DcRen2013B Transfusion at every 4 d interval for three IFN-y, CD3, IL-2 GM-CSF, IL-4, TNF-a
(Ren et al., 2013) cycles starting 1 week before chemotherapy
DcYuan2013L 10" cells transfused 7 d after the last IL-2, CD3McADb, phyto- GM-CSF
(Yuan et al., 2013)  chemotherapy and continued for 4 d hemagglutinin, IFN-y
DcNi2013B Six times of transfusion from the 7th day of = IFN-y, CD3MCcADb, IL-2  GM-CSF, IL-4, autologous
(Nietal., 2013) cell culture tumor Ag, TNF-a
DcGao2014G Two cycles repeated 3 to 5 times in 2 weeks, IFN-y, CD3McAb, IL-2, GM-CSF, IL-4, autologous

(Gao et al., 2014)

from the 2nd or 3th day after chemotherapy

gentamycin tumor Ag

GM-CSF: granulocyte-macrophage colony-stimulating factor; CD3McAb: CD3 monoclonal antibody; CEA: carcino-embryonic antigen;

LPS: lipopolysaccharide; IFN: interferon; IL: interleukin; Ag: antigen

significantly longer compared with the chemo group
(Fig. 3a).

Three-year OS, which was available in five
studies including 397 patients, was 31.79% in the
chemo group and 44.55% in the combination group.
All five studies exhibited prolonged 3-year OS,
among which one (DcGao2014G; Fig. 3a) showed
statistical significance independently. OR was 0.41
(P=0.0009), suggesting overall 3-year OS in the
combination group was significantly longer than that
in the chemo group (Fig. 3a).

Three studies (DcLi2009L, DcZhong2011L, and
DcGao2014G; Fig. 3a) reported 1-, 2-, and 3-year OS.
The average %OS of the 3 years was calculated and
shown using scatter plots with linear trend lines of
each group (R*=0.9868 in the chemo group; R*=
0.9980 in the combination group). Average %OS in
the chemo group was 83.13%, 65.05%, and 53.01%,
respectively, while %OS in the combination group was
92.77%, 85.54%, and 77.11%, respectively (Fig. 3b).

3.5.2 Disease-free survival

One-year DFS, which was available in only two
studies including 138 patients, was 82.61% in the

chemo group and 97.10% in the combination group.
All studies exhibited prolonged 1-year DFS and OR
was 0.16 (P=0.01), indicating that the overall 1-year
DFS in the combination group was significantly better.
A fixed-effect analysis model was used (Fig. 4a).

Information of 2-year DFS also came from two
studies. The 2-year DFS rates in the chemo group and
the combination group were 63.77% and 78.26%,
respectively. All studies showed longer 2-year DFS in
the combination group than in the chemo group.
Overall OR of 0.49 (P=0.06) indicated no significant
difference between groups (Fig. 4a).

Three-year DFS was 50.72% and 75.36% in the
chemo group and the combination group, respectively.
OR in only one study (DcGao2014G, Fig. 4a) showed
independent statistical significance, but when the
studies were integrated, the general OR was 0.32
(P=0.003), showing a significantly better 3-year DFS
in the combination group than in the chemo group
(Fig. 4a).

Two studies (DcLi2009L and DcGao2014G;
Fig. 4a) reported 1-, 2-, and 3-year DFS at the same
time. The average %DFS of 3 years was shown using
scatter plots combining linear trend lines of each
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Chemo DC-CIK+Chemo

(a) r re Events Total Even! Total Weigh!
1.7.1 1yOS
DcLi2009L 38 42 42 42 3.6%
DcZhong2011L 9 14 9 14 2.6%
DcZhang2011C 28 31 31 32 2.4%
DcZhu2011C 10 43 28 40 18.1%
DcLi2012C 19 20 20 20 12%
DcGao2014G 22 27 26 27 39%
Subtotal (95% Cl) 177 175  31.9%
Total events 126 156
Heterogeneity: Chi? = 5.24, df = 5 (P = 0.39); 2= 5%
Test for overall effect: Z = 4.36 (P < 0.0001)
1.7.2 2y0S
DcLi2009L 36 42 40 42 47%
DcZhong2011L 3 14 7 14 4.5%
DcZhang2011C 26 31 29 32 37%
DcZhu2011C 3 43 8 40 6.3%
DcLi2012C 16 20 19 20 3.1%
DcGao2014G 15 27 24 27 87%
Subtotal (95% CI) 177 175  30.9%
Total events 99 127
Heterogeneity: Chi? = 1.43, df =5 (P = 0.92); I?=0%
Test for overall effect: Z = 3.91 (P < 0.0001)
1.7.3 3y0S
DcLi2009L 34 42 40 42 6.2%
DcZhong2011L 1 14 3 14 23%
DcSheng2011L 5 33 8 32 56%
DcRen2013B 13 79 18 87 11.7%
DcGao2014G 9 27 21 27 11.4%
Subtotal (95% Cl) 195 202 37.2%
Total events 62 90

Heterogeneity: Chi? = 6.12, df =4 (P = 0.19); I> = 35%
Test for overall effect: Z = 3.32 (P = 0.0009)

Total (95% Cl) 549

Total events 287 373
Heterogeneity: Chi? = 15.04, df = 16 (P = 0.52); I? = 0%
Test for overall effect: Z = 6.64 (P < 0.00001)

552 100.0%

Test for subaroup differences: Chi? = 2.25. df =2 (P = 0.33). I = 11.0%

(b) 100
80

60 [

%0S

R?=0.9868
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Odds Ratio
M-H, Fix % Cl Year

Odds Ratio
M-H. Fixed, 95% Cl

2001 ¢ - I

0.10[0.01, 1.93]
1.00 [0.21, 4.69]
0.30 [0.03, 3.06]
0.13[0.05, 0.35]
0.32[0.01, 8.26]
0.17 [0.02, 1.56]
0.22[0.11, 0.44]

0.30 [0.06, 1.58]
0.27 [0.05, 1.42]
0.54 [0.12, 2.47)
0.30[0.07, 1.22]
0.21[0.02, 2.08]
0.16 [0.04, 0.65]
0.28 [0.14, 0.53]

2001 D
2002 -
2005 —
2011 - T
2012 - ]
2014

0.21[0.04, 1.07]
0.28[0.03, 3.11]
0.54[0.15, 1.86]
0.76 [0.34, 1.66]
0.14 [0.04, 0.48]
0.41[0.25, 0.70]

2001
2002
2004
2013
2014

0.31[0.22, 0.44] . 4

001 01 1 10 100
Favours [DC-CIK+Chemo] Favours [Chemo]

R*=0.9980

40

®  Combination group
A Chemo group

OS (year)

Fig. 3 OS of patients in included studies
(a) Comparison of OS across groups. (b) Mean OS of three studies (DcLi2009L, DcZhong2011L, and DcGao2014G)

group (R2=0.9891 in the chemo group; R*=0.8480 in
the combination group; Fig. 4b).

3.5.3 ORR and DCR

Six studies, covering 431 patients, reported CR
and PR at the same time, and the ORR was 29.95% in
the chemo group and 42.86% in the combination
group. OR in all six studies showed better ORR and
only one study (Ren et al., 2013) showed statistical
significance, and an overall OR of 0.54 (P=0.004)

implied that DC-CIK cells significantly raise ORR. A
fixed-effect analysis model was used (Fig. 5).

DCR, which was available in five studies in-
cluding 367 patients, was 65.71% in the chemo
group and 80.21% in the combination group. All five
studies exhibited better DCR, of which one (Ren et al.,
2013) showed statistical significance. Pooled OR was
0.46 (P=0.001), indicating that DCR in the combina-
tion group was significantly better than that in the
chemo group (Fig. 5).
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Chemo DC-CIK+Chemo Odds Ratio Odds Ratio
(a) r Subgr Events Total Even Total Weight M-H, Fix % Cl Year M-H, Fix % Cl
1.4.1 1yDFS
Deli2009L 37 42 42 42 96%  0.08[0.00,1.50] 2001 [
DcGao2014G 20 27 25 27 115%  0.23[0.04,1.22] 2014 —
Subtotal (95% Cl) 69 69 21.1%  0.16[0.04, 0.67] —
Total events 57 67

Heterogeneity: Chi? = 0.39, df = 1 (P = 0.53); I?= 0%
Test for overall effect: Z = 2.50 (P = 0.01)

1.4.2 2yDFS

DcLi2009L 32 42 33 42 13.9% 0.87[0.31, 2.43] 2001 S
DcGao2014G 12 27 21 27  20.6% 0.23[0.07,0.75] 2014 - v
Subtotal (95% Cl) 69 69 34.5% 0.49 [0.23, 1.04] -
Total events 44 54

Heterogeneity: Chi? = 2.82, df = 1 (P = 0.09); I> = 65%
Test for overall effect: Z = 1.87 (P = 0.06)

1.4.3 3yDFS

DcLi2009L 27 42 33 42 20.8% 0.49[0.19, 1.30] 2001 -
DcGao2014G 8 27 19 27 23.6% 0.18[0.06, 0.57] 2014 -
Subtotal (95% Cl) 69 69 44.4% 0.32[0.16, 0.68] -
Total events 35 52

Heterogeneity: Chiz = 1.73, df =1 (P = 0.19); 1> = 42%
Test for overall effect: Z = 2.99 (P = 0.003)

Total (95% CI) 207 207 100.0% 0.35[0.21, 0.56] A
Total events 136 173

Heterogeneity: Chi? = 6.56, df = 5 (P = 0.26); 1> = 24%

Test for overall effect: Z = 4.25 (P < 0.0001)

Test for subaroup differences: Chiz = 1.91. df =2 (P = 0.38). I = 0%

0.01 0.1 1 10 100
Favours [DC-CIK+Chemo] Favours [Chemo]

(b) 100 - )
S R’=0.8480
80 | \_\\\\\\!
w 60 L R?=0.9891
[T
3
S 40t
m Combination group
20 | A Chemo group
0 . . .
0 1 2 3
DFS (year)

Fig. 4 DFS of patients in included studies
(a) Comparison of DFS across groups. (b) Mean DFS of two studies (DcLi2009L and DcGa02014G)

Chemo DC-CIK+Chemo Odds Ratio Odds Ratio

r i M-H, Fix | M-H, Fix Y
1.6.1 ORR
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3.5.4 T-lymphocyte subtypes in peripheral blood

Seven studies (417 patients in total) tested the
level of CD3" T-lymphocytes after treatment, among
which six concluded that the level of CD3"
T-lymphocytes in the combination group was higher.
The other study (Li et al., 2012) reported totally con-
tradicting results. The pooled MD of two groups,
which was —11.65 (P=0.02), showed that patients
who received DC-CIK and chemotherapy were
proven to have a significantly higher level of CD3"
T-lymphocytes. A random-effect analysis model was
used (Fig. 6a).

The level of CD4" T-lymphocytes and ratio of
CD4'/CD8" T-lymphocytes of patients who received
DC-CIK cells treatment were higher. The pooled MD
were —8.18 (P<0.0001) and —0.40 (P=0.0006), re-
spectively (Fig. 6a).
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CD8" T-lymphocytes test showed a different
result. Three out of seven studies revealed signifi-
cantly higher level of CD8" T-lymphocytes in the
combination group (Sheng et al., 2011; Zhu et al.,
2011; Ni et al., 2013); one study reported a contra-
dictory result (Li et al., 2012); and the remaining
three did not show any difference between the groups.
Pooled MD was —4.23 (P=0.25), suggesting no sig-
nificant difference in terms of CD8" T-lymphocytes
level between treatment groups (Fig. 6b).

3.6 Comparison of efficacy in different types of
cancer

Included were 12 studies focusing on different
types of cancer, including non-small cell lung cancer
(NSCLC), breast cancer, and gastrointestinal cancer
(mainly colorectal cancer). Comparison of OS,
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Fig. 6 Levels of T-lymphocyte subtypes of patients in included studies
(a) Comparison of post-treatment T-lymphocytes and ratio of CD4"/CD8" T-lymphocytes. (b) Comparison of
post-treatment CD8" T-lymphocytes
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clinical response, and T-lymphocytes subtypes in two
groups was performed in different types of cancer.
Only two of twelve studies focused on breast cancer
(Ren et al., 2013; Ni et al., 2013) and most items
excepting ORR and DCR were available only in one
study (Ni ez al., 2013). CD4", CD4"/CDS8", and DCR
of NSCLC and 3-year OS of gastrointestinal cancer
were also extracted from one study (Gao et al., 2014).
Other comparisons were performed in at least two
RCTs.

ORs of 1-, 2-, and 3-year OS between groups in
gastrointestinal cancer were all lower than those in
NSCLC. ORs of ORR and DCR were similar, but
only comparison of breast cancer exhibited statistical
significance, which indicated that the combination
group showed a better clinical response than the
chemo group (Table 3). The combination group
showed significantly higher levels of CD3", CD4"
T-lymphocytes, and CD4'/CDS8" ratio of NSCLC
and breast cancer patients. Comparison of CD3"
T-lymphocytes and CD4'/CD8" ratio of gastrointes-

tinal cancer patients showed no statistical significance.

Difference of CD8" T-lymphocytes between treat-
ment groups in breast cancer showed statistical sig-
nificance (Table 4).

3.7 Adverse effects

Fever was the most common adverse effect in
the combination group. Transfusion of DC-CIK cells
to patients was assumed to induce its occurrence.
Most patients experienced fever of 37.2-39.5 °C, and
most of them recovered spontaneously without any
treatment except some who received antipyretic
treatment. Other adverse effects including headache,

fatigue, constipation, anemia, vomiting, diarrhea, and
skin lesions (rash, acne, pruritus, or petechiae) were
non-specific and occurred in a few patients. One case
each of Grade III neuritis and shock was reported and
relieved after treatment (Table 5).

4 Discussion

During the early stage of cancer, the immune
system is capable of perceiving and eliminating can-
cer cells, but the efficacy is attenuated with the
emergence of the rising number of strange antigens
and immunosuppressed status because of the genetic
abnormality in the development of cancer. The theory
of immunosurveillance and immunoediting insists
that cancer cells could escape from a balanced status
controlled by the immune system and initiate growth
(Dunn et al., 2004). Existence of cancer could mis-
lead myeloid cell differentiation towards immune-
suppressor cells and suppress anti-tumor response
(Gabrilovich et al., 2012). As the lack of immune
regulation has been accepted as one of hallmarks of
cancer (Hanahan and Weinberg, 2011), therapies that
enhance anti-tumor immune response are valuable in
cancer management.

DCs were indispensable in presenting antigens,
secreting cytokines, and inducing anti-tumor immune
response in cancers. Anguille et al. (2014) reviewed
38 clinical studies of DC-based immunotherapy in
diverse cancers, and they showed that this immuno-
therapy had a survival benefit and the ability of elic-
iting an immune response even in advanced-stage
patients. In vivo, CIK cells have shown an anti-tumor

Table 3 OR of OS and clinical response between the chemo group and combination group

Cancer type 1-year OS 2-year OS 3-year OS ORR DCR
NSCLC 0.48 (P=0.24) 0.29 (P:0.04)* 0.35 (P:0.02)* 0.67 (P=0.32) 0.44 (P=0.38)
Gastrointestinal cancer 0.16 (P<0.0001)* 0.27 (P:0.0009)* 0.14 (PZO.OOZ)* 0.47 (P=0.06) 0.52 (P=0.20)

Breast cancer

0.76 (P=0.49)  0.51 (P=0.04)" 0.44 (P=0.005)"

P-value was for overall effect. * P<0.05, difference was considered to be statistically significant

Table 4 MD of T-lymphocyte subtypes between the chemo group and combination group

Cancer type CD3" CD4" CD4'/CD8" CcD8"
NSCLC —12.13 (P=0.02)" —5.43 (P=0.0004)"  —0.44 (P=0.001)" —7.41 (P=0.36)
Gastrointestinal cancer —7.64 (P=0.28) —6.71 (P=0.002)" —0.35 (P=0.06) —1.44 (P=0.80)

Breast cancer —27.44 (P<0.00001)"

-17.37 (P<0.00001)"

*

~0.51 (P<0.00001)"  —9.08 (P<0.00001)

P-value was for overall effect. © P<0.05, difference was considered to be statistically significant
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Table 5 Adverse effects in included studies

Adverse effects of (number of cases)

Study ID Chemo group Combination group
DcLi2009L None Fever, headache
(Li et al., 2009)
DcZhong2011L Anemia (6), leucopenia (13), nausea (13), Anemia (4), leucopenia (10), nausea (9),

(Zhong et al., 2011)

fever (3), rash, acne, pruritus (1),
fatigue (8), febrile neutropenia (1)

fever (10), rash, acne, pruritus (9), fatigue (1),
febrile neutropenia (0)

DcYuan2011L Fever (2), chill (2) Fever (11), chill (8), shock (1)
(Yuan et al.,2011a)
DcSheng2011L Arrest of bone-marrow, gastrointestinal Fever (1), arrest of bone-marrow, gastrointestinal
(Sheng et al., 2011)  reactions reactions
DcZhang2011C
(Zhang et al., 2011)
DcYuan2011C None Fever (2)
(Yuanetal., 2011b)
DcZhu2011C None Fever (2)
(Zhu et al., 2011)
DcLi2012C Arrest of bone-marrow, gastrointestinal Fever (1), arrest of bone-marrow, gastrointestinal
(Lietal.,2012) reactions, peripheral neurotoxicity reactions, peripheral neurotoxicity
DcRen2013B Vomiting (1), diarrhea (1), hepatic Neuritis (1), vomiting (9), diarrhea (12),
(Ren et al., 2013) complications (2) hepatic complications (4)
DcYuan2013L Anemia, skin petechiae, fatigue, oral pain, Fever, anemia, skin petechiae, fatigue,
(Yuan et al., 2013) constipation, peripheral neuropathy oral pain, constipation, peripheral neuropathy
DcNi2013B None Fever (3)
(Nietal.,2013)
DcGao2014G None Fever (9)

(Gao et al., 2014)

None: no adverse effects

effect against several kinds of solid tumors in mice
with SCID (Jiang et al., 2013). A clinical trial of CIK
therapy emerged in 1999, and the number has in-
creased rapidly in the last fifteen years. A systematic
review, which included eight trials comparing clinical
outcome of CIK and non-CIK therapy, indicated a
prolonged OS and DFS in patients with solid cancer
(Ma et al., 2012). Liu et al. (2013) studied reti-
noblastoma cell lines cultured in vitro with tandem
carboplatin-DC-CIK, which was preparatively pulsed
with tumor antigens, providing evidence that car-
boplatin combined with DC-CIK cells therapy is
superior to carboplatin alone in killing cancer cells.
Treatment of carboplatin-DC-CIK was also found to
increase cytotoxicity of DC-CIK treatment and sen-
sitize cancer cells to DC-CIK cytotoxic response.
Apoptosis was confirmed as a major mechanism un-
derlying CIK cytotoxicity for the first time. Accord-
ing to a meta-analysis of 27 clinical studies on breast
cancer, DC-CIK therapy prolonged 1-year survival,
improved the quality-of-life, increased immunity
function, and decreased cancer antigen (Wang et al.,
2014b).

Most of current clinical studies focused on CIK
or DC-CIK therapy were performed in China, of
which phase I studies and retrospective studies were a
major part. Singaporean researchers performed clin-
ical trials on CIK cells, and reported a modest efficacy
in hematological malignancy, which may be re-
stricted by imperfect treatment protocol (Linn et al.,
2012a; 2012b). Introna et al. (2007; 2010) from Italy
conducted two phase I trials showing that the clinical
use of CIK cells on leukemic patients after stem cell
or cord blood cell transplantation is feasible and well-
tolerated. Italian researchers Olioso et al. (2009)
tested the CIK therapy in six advanced lymphomas,
five metastatic kidney carcinomas, and one hepato-
cellular carcinoma (HCC). The results showed that
CIK cells could be easily applied clinically, repre-
senting a safe and efficient therapy to enhance im-
mune function. The international registry on CIK
cells (IRCC, http://www.cik-info.org), established in
2010, is a global platform collecting and evaluating
clinical trials about CIK cells, and helping researchers
to build up a standard in CIK cell therapy. IRCC
provides us with recommended analysis parameters
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and reporting standards, which will benefit patients
on condition that there is more registration (Schmeel
etal.,2014).

Meta-analysis is an optimal choice to analyze
dozens of clinical studies. The main defects in exist-
ing meta-analysis about DC-CIK are that often
non-RCTs are included and there is a non-unified
regimen of groups. Our meta-analysis brings some
new approaches to data reduction. (1) We analyzed
current RCTs on DC-CIK therapy and provided an
essential reference for evidence-based medicine.
(2) Generally, our included studies displayed similar
trends in some parameters, but our analysis quantified
these trends to make it easier to draw definitive con-
clusions. (3) The analysis of different types of cancer
makes it possible to determine which kind of patient
should receive this therapy.

In our study, DC-CIK therapy significantly
prolonged OS (OR=0.31, P<0.00001), 1-year DFS
(OR=0.16, P=0.01), and 3-year DFS (OR=0.32,
P=0.003), but the analysis of the 2-year DFS showed
no difference (OR=0.49, P=0.06), probably due to the
lack of studies reporting DFS and the following rea-
sons. Transfused CIK cells died out after the termi-
nation of treatment, and therefore it may barely pro-
long short-term survival. Wang et al. (2014b) re-
ported that DC-CIK therapy only prolongs 1-year OS.
However, we found the influence of DC-CIK not only
on short-term survival but also on long-term survival.

The patients receiving DC-CIK therapy had
significantly higher ORR (OR=0.54, P=0.004) and
DCR (OR=0.46, P=0.001) than the patients who
received chemotherapy only. Another meta-analysis
of colon cancer showed significantly higher ORR but
not DCR of DC-CIK chemotherapy compared with
chemotherapy (Wang et al., 2014c). Our analysis,
covering relatively more studies and patients, may be
more reliable.

The levels of subtypes of T-lymphocyte in pe-
ripheral blood reflect the cellular immunity, which is
critical in anti-tumor activity. Patients of various
kinds of advanced cancer express less CD3" and
CD4" T-lymphocytes and more CD8" T-lymphocytes
in peripheral blood than early stage patients or healthy
people (Yu et al., 2014). CD4" T-lymphocytes are
considered as helper T-lymphocytes in immune ac-
tivity, while CD8" T-lymphocytes induce immune
suppression in cancers (McGray et al., 2014). In our

study, DC-CIK therapy up-regulated levels of
CD3" T-lymphocytes (OR=—11.65, P=0.02), CD4"
T-lymphocytes (OR=—8.18, P<0.0001), and ratio of
CD4"/CD8" T-lymphocytes (OR=—0.40, P=0.0006),
indicating that DC-CIK cells enhance the immune
activity.

Efficacy assessments discussed above were
performed among NSCLC, gastrointestinal cancer,
and breast cancer. According to immunosurveillance
theory, cancer originates from the inefficiency of the
immune system or the impaired expression of tumor-
associated antigens. It is common in different cancer
types that cancer cells evade the recognition and
elimination of the immune system (Schreiber et al.,
2011). Though strengthening the immune response,
immunotherapy may exhibit different outcomes in
different solid cancers due to their distinct character-
istics (Conniot et al., 2014). In our meta-analysis, the
combination of chemotherapy and DC-CIK could
significantly prolong 2-year OS and 3-year OS, as
well as enhance immune activity in NSCLC patients
and gastrointestinal cancer patients. For breast cancer,
combination therapy showed better ORR and DCR,
but the data of T-lymphocyte subtypes and OS were
unreliable due to the limited studies (only one study).
Relatively, combination therapy represented better
applicability in gastrointestinal cancer (gastric cancer
and colorectal cancer) than in NSCLC in terms of OS,
but the improvements of cellular immunity in NSCLC
were more evident than those in gastrointestinal cancer.
Owing to the lack of RCTs and incomplete data of
included studies, it was hard to draw a convincing
conclusion when comparing efficacy between dif-
ferent types of cancer. Discrepancy of outcomes in
different cancers may result from the tumor location,
blood supply, or unexplained molecular mechanisms.
Clinical researches combined with molecular biology
studies would help us improve the design of immu-
notherapy and discover mechanisms underlying sen-
sitivities to immunotherapy. At present, our meta-
analysis indicated that immunotherapy significantly
improve the OS and immune activity of NSCLC pa-
tients, OS of gastrointestinal cancer patients, and
clinical response of breast cancer patients. The deci-
sion depends on the demand. Our results provide a
reference for decision making in cancer treatment.

Our study has several limitations. Included
studies were all from China, leading to a regional



754 Lan et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(9):743-756

limitation. Risk of reporting bias may imply insuffi-
cient reporting of primary outcome. Moreover, we
mainly analyzed treatment efficacy in solid cancer,
and more analysis is needed on different types of
cancer. To define the appropriate application of
combination therapy, standardized research protocols
and exhaustive information of both hospitalization
and follow-up are required.

In conclusion, immunotherapy of DC-CIK cells
improves chemotherapy on clinical response rates,
survival of patients, and immune activity of patients
with solid cancer, and induces no specific side effects,
indicating that DC-CIK is a promising efficient
therapeutic option against cancers. Further strict
RCTs with no publishing bias should be designed to
confirm the immunotherapeutic effects of DC-CIK
cells.
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