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ABSTRACT

Background: High recurrence rate after curative treatment is the major problem
for hepatocellular carcinoma (HCC). Cytokine-induced killer cells (CIKs) therapy was
extensively studied among HCC patients. However, the value of CIKs therapy was
controversial. A meta-analysis was performed to investigate the efficacy of adjuvant
CIKs after invasive treatments among HCC patients.

Methods: We searched online for literatures studying sequential CIKs therapy
for HCC patients. Recurrence-free survival (RFS), progress-free survival (PFS) and
overall survival (OS) were set as the main endpoints. Both overall and subgroup
analysis were accomplished.

Results: A total of 12 clinical trials with 1,387 patients were included. The pooled
analysis showed a significant improvement of RFS, PFS and OS in CIK group (HR 0.56,
959% CI 0.47-0.67, p<0.00001 for RFS; HR 0.53, 95% CI 0.40-0.69, p<0.00001 for PFS;
HR 0.59, 95% CI 0.46-0.77, p<0.0001 for OS). The proportion of CD4* T cells increased
significantly, while CD8* T cells decreased significantly after CIKs therapy (WMD 4.07,
959% CI 2.58-5.56, p<0.00001; WMD -2.84, 95% CI -4.67 to -1.01, p=0.002, respectively).
No significant differences of adverse events between CIK and non-CIK group existed.

Conclusions: Conventionally invasive therapies combined with CIKs therapy could
improve the prognosis of HCC patients, especially for RFS and PFS, with mild side
effects. Optimizing patient selection shall be the direction in future studies.

INTRODUCTION treatments, usage of antiviral agents and advanced imaging
technology [4-6]. However, few consensus is achieved in the
Disease recurrence after curative treatments is the field of adjuvant systematic treatments including sorafenib,
major problem for hepatocellular carcinoma (HCC) [1]. chemotherapy and immunotherapy [7].
The latent causes include failure to detect occult metastasis, Cytokine-induced killer cells (CIKs) consisting of
tumor promoting microenvironment and lack of effective activated NKG2D"e" T cells, activated NK cells and NK
adjuvant treatments [2, 3]. To minimize disease recurrence, T cells [8], were designed to alter suppressive immune
lots of strategies are employed including combination of local microenvironment of tumor and consequently present
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certain efficacy in several malignancies [9-12]. Adoptive
cells therapies (ACT) with CIKs were extensively studied
among HCC patients in the Asia-Pacific region, where
hepatitis B virus (HBV) related HCC constitute the major
population of HCC. However, efficacy of this treatment on
HCC patients are still controversial.

Therefore, we performed an update meta-analysis
of clinical trials studying the efficacy of sequential CIKs
treatments compared with non-CIK treatments in HCC, to
provide comprehensive evidence of adjuvant efficacy of CIKs.

RESULTS

Literature research

A total of 12 studies were included (Figure 1). After
title and abstract review, 279 studies were excluded. Then
comprehensively review excluded 19 studies (Appendix-
Search Strategies and Excluded Studies). Screening of the
references listed in related articles yielded no more studies
available. We finally included 12 articles meeting the

selection criteria into this meta-analysis involving 1,387
patients. Agreement between the two reviewers was 100%
for study selection and 95.2% (4/84 was controversial) for
quality assessment of the trials.

Characteristics of eligible studies

Over all, we included 9 RCTs and 3 quasi-RCTs
(Table 1). All of the eligible studies were conducted in
Asia. Two studies were conducted in South of Korea [13]
and Japan [14], and the rest of the included studies were
conducted in China. Previous treatments included liver
resection, TACE, RFA, PMCT and PEIL Yu et al [15]
divided the patients into 3 groups: resection plus CIKs
versus resection along, TACE plus CIKs versus TACE
along, supportive care with CIKs versus supportive care
along, all of which were labeled as Yu 2014-A, B and C
respectively. Hui et al [16] compared resection plus 3 and 6
cycles of CIKs therapy versus resection along, which were
labeled as Hui 2009-A for 3-cycles CIK group and Hui
2009-B for 6-cycles CIK group. Lee et al [13] conducted

PubMed(116) EmBase(70)

Cochrane(52)

Title/abstract review: n=310

Web of Science(72)

Excluded studies: n =279
-Duplications: n = 69

-Irrelevant topics: n =98
-Non-comparative studies: n = 22
-Case-reports or reviews: n= 41

-Animal models or cell line: n= 49

Full-text article screened(n=31)

Excluded studies: n = 19
-Repeating reports: n = 2 [1, 2]
-Unavailable data: n = 3 [3-5]
-Non-comparative studies: n=2 [6, 7]
-retrospective studies: n=9 [8-16]
-metastatic HCC: n=1 [17]
-patients had received other anti-cancer

therapy: n=2 [18, 19]

Finally included articles: n=12

Figure 1: Flow diagram showing record identification, screening and study inclusion process.

www.impactjournals.com/oncotarget

31319

Oncotarget



Table 1: Baseline characteristics of the eligible studies.

Study Study Country Study No. of Median Clinical Previous CIKs per cycle Method of
period design patients follow-up stage  treatment infusion
(male/female)
Takamaya 1992-1995  Japan RCT 150(NA) 44 years TNMI/II/  resection 7.1x10' 5 infusion IV
2000 IIA/IVA
Weng 2008 2002-2004 CHN RCT 85(60/25) NA TNM /Il TACE+RFA 1.0-1.5x10" 8-10
A infusions via
hepatic
arteries
Hui 2009  2000-2002 CHN RCT 127(97/30) 5-7 years NA resection 1-2x101° 3or6
infusions
(1 per 2
weeks) IV
Hao 2010 2005-2008 CHN  quasi-  146(129/17) NA BCLC TACE 1-5%x10" 1-3 infusions
RCT A/B/C (4 per 1
month) IV
Qiu 2011 NA CHN RCT 18(15/3) 16.8 TNM III Surgery 0.2-2x10™% 2-7 infusions
months +radio/ (1 per week)
chemo-
therapy
tWang 2004-2006 CHN  quasi- 76(66/10) 44(10-88) TNMI/II TACE+RFA 1.0-1.5x10" 6-12
2012 RCT months infusions
(1 per2

weeks) IV or
via hepatic

arteries
tXu2013 2008-2011 CHN RCT 80(65/15) 6-36 TNMIII TACE+PMCT DCs=1-1.2x10* 2 cycles,1
months CIKs=yd T cycle per

cells=0.3-1.0x10' month IV and
local tumor

injection
Yu2014  2004-2009 CHN RCT 132(116/16) 18.6 BCLC resection/  1.01x10'(0.72-  2-36 cycles
months A/B/C TACE/ 1.21 x10'%) (1 per1
Support month)
tZhang 2008-2012 CHN RCT 85(NA) NA TNM I/l TACE+RFA DCs=CIKs 6 courses
2014 =1.0x10" IV and
local tumor
injection
Cui 2014  2010-2011  CHN quasi- 62(47/15) 12 months  BCLC RFA 1.2-2.0x10° (NK, 3 or 6 courses
RCT A/B/C CIKandyd T (8 infusions
cell) per course) IV

Lee 2015 2008-2012 KOR RCT 226(186/40) 36.5-40 VARG resection/RFA  (6.4+2.1)x10° 16 infusions
months /PEI v

Xu2016  2008-2013 CHN RCT  200(100/100)  38.2(3.7- T1/T2/ resection 1.0-1.5x10" 4 cycles IV
73) months  T3a=

Abbreviations: 5-FU:5-fluoro-2,4(1h, 3h) pyrimidinedione; ADM: Doxorubicin Hydrochloride; CHN: country of China;
CIK: cytokine induced killer (cell); DC: dendritic cell; DDP: cisplatin; EPI: epirubicin; FUDR: floxuridine; GEM:
gemcitabine; HCPT: hydroxycamptothecin; IC: intracutaneous injection; IV: intravenous injection; KOR: country of Korea;
MMC: mitomycin; NA: not available; NS: normal saline; OXA: oxaliplatin; PEI: percutaneous ethanol injection; PMCT:
percutaneous microwave coagulation therapy; quasi-RCT: quasi-randomized controlled trial; RCT: randomized controlled
trial; RFA: radiofrequency ablation; TACE: transcatheter arterial chemoembolization; THP: pirarubicin; UFL: ultra fluid
lipiodol.tarticles published in Chinese; f: Stage based on American Joint Committee on Cancer staging system (6th edition);
~: Stage based on American Joint Committee on Cancer staging system (7th edition).
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subgroup analysis between patients underwent different
previous treatments, which were labeled as Lee 2015-A
for resection group and Lee 2015-B for RFA/PEI group
respectively. Eight studies used CIKs-only immunotherapy
to treat patients in the study group. Other four studies
evaluated the efficacy of CIK-based cytotherapy as
follows: Xu et al [17] used dendritic cells (DCs), y6 T
cells plus CIKs; Zhang et al [18] used DCs plus CIKs;
Cui et al [19] used NK cells, CIKs and y6 T-cells. Qiu et al
[20] used CIKs plus a-Gal epitope-expressing tumor cell-
pulsed DCs. Infusions of CIKs were mostly via peripheral
veins, while local tumor injections were also used in some
studies. Various clinical stage systems were used: seven
studies [14, 16-18, 20-22] used TNM stage system, while
3 studies [15, 19, 23] used BCLC stage system and the
other two studies [13, 24] used American Joint Committee
on Cancer Staging System (6th edition). Only three studies
reported changes of lymphocyte subsets, two [15, 18] of
which used peripheral venous blood and one [14] study
used PBMCs. Overall, with a mean age of 46.1 years,
most of the patients in the studies had a good performance
status and more than 3-months life expectancy. With the
exact number of male and female patients, 10 studies
were summarized to a 6:1 male/female ratio (969/160).
Baseline characteristics of the included patients in this
meta-analysis showed no significant differences between
CIK and non-CIK group (Supplementary Table 1).

Methodological assessment of included articles

Quality of the eligible studies was summarized
(Supplementary Table 2 for detailed assessment of
individual studies; Supplementary Figure 1 and 2
for risk of bias in individual studies and among the
included studies, respectively). The included quasi-
RCTs assigned the allocation depending on patients’
choices. But for RCTs, adequate sequence generation
was well done in seven studies [13-17, 20, 24], while
not mentioned clearly in others [18, 19, 21-23]. Only
three studies [13, 15, 24] provided details of allocation
concealment and two [13, 19] showed prognostic
imbalance between CIK and non-CIK groups. All the
included studies were free of selective reporting. Taken
together, five studies [14, 16, 17, 20, 24] without any
bias of high-risk were judged as high quality.

Primary outcomes

The pooled analysis showed a significant
improvement of RFS, PFS and OS in CIK group (HR 0.56,
95% CI 0.47-0.67, p<0.00001 for RFS; HR 0.53, 95% CI
0.40-0.69, p<0.00001 for PFS; HR 0.59, 95% CI 0.46-
0.77, p<0.0001 for OS) (Figure 2).

The analysis showed a significant benefit of RFS
in CIK group, indicating a 44% reduction in the relative
risk of recurrence with no statistical heterogeneity (p =
0.06, I = 48%). However, in subgroup analysis of study

designs, no significant amelioration of RFS was found
in CIK group but a greater heterogeneity was observed
among quasi-RCTs (HR 0.30, 95% CI 0.07-1.24, p =0.1;
p=0.01, = 85% for heterogeneity). In other subgroups,
such as study quality, tumor staging systems, clinical
characteristics, previous treatments and CIKs treatments,
the analysis showed a consistency of RFS with that in
overall analysis.

Only three studies [15, 19, 23] reported PFS and were
analyzed to show a statistically significant delaying of disease
progression without remarkable heterogeneity between these
studies (p = 0.85, I = (). Subgroup analysis also showed a
consistency of PFS with that in overall analysis.

OS was significantly improved in CIK group.
However, the heterogeneity among the included studies
was statistically significant (p = 0.03, I = 48). Nevertheless,
the heterogeneity of OS was not significant in subgroup
analysis of study quality, tumor staging systems, and
clinical characteristics of the enrolled patients, all of which
may account for the heterogeneity in the overall analysis.
Moreover, significant improvement of OS in CIK group was
observed in all of the above subgroups. But in subgroup
of resection as the previous treatments, more than 5 times
injection of CIKs as the cytotherapy, and AJCC as the
staging system, there was no clear evidence of prolongation
of OS in CIK group (The outcomes of both overall and
subgroup analysis were summarized in Supplementary
Table 3 and 4, respectively).

Secondary outcomes

Changes of lymphocyte subsets

Only 3 studies [17, 18, 21] provided available data
about alteration of lymphocyte subsets. The analysis
demonstrated that the proportion of CD4" T cells increased
significantly after CIKs therapy, while CD8* T cells decreased
significantly (WMD 4.07, 95% CI 2.58-5.56, p<0.00001;
WMD -2.84, 95% CI -4.67 to -1.01, p = 0.002, respectively).
The heterogeneity among these 3 studies was not statistically
significant (p = 0.20, I = 37% for CD4" T cells; p=0.97, F =
0 for CD8" T cells, respectively) (Figure 3).

Adverse events

The pooled analysis exhibited no significant
differences of AEs between CIK and non-CIK groups
(Figure 4). Most studies reported no severe AEs in CIK
group but without quantitative details. Lee et al [13]
reported that AEs in Grade 3/4 were 6% (7/115) and 4%
(4/115) in CIK and non-CIK groups, respectively (p =
0.354). While 0% (0/66) and 5% (3/66) were reported by
Yu et al [15] and none of the AEs was associated with
CIK cytotherapy. Pyrexia especially slight fever, was
mostly reported. Other AEs such as flu-like symptom,
digestive adverse reaction, allergy, and deterioration of
liver function, showed no significant differences between
these two groups.
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Hazard Ratio

A

Hazard Ratio

_Study or Subgroup __log[Hazard Ratio] _ SE Weight 1V, Fixed. 95% CI Year 1V, Fixed, 95% CI
RFS
Takamaya 2000 -0.5276 0.2011 19.6% 0.59[0.40,0.88] 2000 R
Weng 2008 -0.734 02849 9.8% 0.48[0.27,0.84] 2008
Hui 2009A 09 031 83% 041[022075 2000 —
Hui 20098 073 027 109% 0.48[0.28,0.82] 2009 -
Wang 2012 -0.5465 0.2136 17.4% 0.58[0.38,0.88] 2012 B
Cui 2014 -1.9951 05219  2.9% 0.14[0.05,0.38] 2014
Lee 2015 -0.462 0.1995 19.9% 0.63[0.43,0.93] 2015 ——
Xu 2016 0041 0266 112% 0.96[0.57,1.62] 2016 —
Subtotal (95% Cl) 100.0%  0.56 [0.47, 0.67] <
Heterogeneity: Chi? = 13.57, df = 7 (P = 0.06); I* = 48% 0_12 of 5 H 2 5
Test for overall effect: Z = 6.50 (P < 0.00001) Favours CIK Favours non-CIK
B Hazard Ratio Hazard Ratio
_Study or Subgroup _log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
PFS
Cui 2014 -0.8125 0.3381 16.2%  0.44 [0.23, 0.86] -
Hao 2010 -0.5727 0.2282 35.6% 0.56 [0.36, 0.88] —=
Yu 2014A -0.4024 0.3536 14.8%  0.67 [0.33, 1.34] -
Yu 2014B -0.9361 0.3922 12.1%  0.39[0.18, 0.85] e —
Yu 2014C 06218 0.2949 21.3%  0.54 [0.30, 0.96] —
Subtotal (95% CI) 100.0%  0.53 [0.40, 0.69] <>
o 2= = - C 12 = N, t 1 t + t }
Heterogeneity: Chi? = 1.37, df = 4 (P = 0.85); I = 0% o1 02 05 1 2 5 10

Test for overall effect: Z = 4.71 (P < 0.00001)

Favours CIK Favours non-CIK

C Hazard Ratio Hazard Ratio

Random, 9 Ra 959
0s

Takamaya 2000 -0.4463 02803 9.7% 0.64 [0.37,1.11] 2000 —

Hui 2009A -0.0408 0.2798  9.7% 0.96 [0.55, 1.66] 2009 — T

Hui 20098 0.0368 0.252 10.6% 0.96 [0.59, 1.58] 2009 —

Hao 2010 -0.803 0.3098 8.8% 0.45[0.24, 0.82] 2010 —_—

Qiu 2011 16713 05164 4.7% 0.19[0.07,0.52] 2011

Wang 2012 -0.1863 0209 12.0% 0.83[0.55, 1.25] 2012 —T

Xu 2013 0.3918 02828 9.6% 0.68[0.39, 1.18] 2013 B —

Zhang 2014 04 051 48% 0.67 [0.25, 1.82] 2014

Yu 2014A 04626 0.4264 6.2% 0.63[0.27, 1.45] 2014 —_—T

Yu 2014C -0.9159 0.3086  8.9% 040[0.22,0.73] 2014 —————

Yu 20148 -1.2616 0.4082 65% 0.28[0.13, 0.63] 2014

Lee 2015 -1.5606 0.6443  3.4% 0.21[0.06,0.74] 2015

Xu 2016 0038 0482 52% 0.96 [0.37, 2.48] 2016

Subtotal (95% Cl) 100.0%  0.59 [0.46, 0.77] -

Heterogeneity: Tau? = 0.10; Chi? = 23.30, df = 12 (P = 0.03); I = 48% !
Test for overall effect: Z = 3.98 (P < 0.0001)

Figure 2: Comparison of RFS (A), PFS (B) and OS (C) between CIK and non-

0.5 2
Favours CIK Favours non-CIK

5

CIK groups. The fixed effects meta-analysis

model (Mantel-Haenszel method) was used for RFS A. and PFS B. while the random-effects model (Mantel-Haenszel method) was used
for OS C.. Each trial is represented by a square, the center of which gives the HR for that trial. The size of the square is proportional to the

information provided by the trial report. The ends of the horizontal bars denote the 95% CI.

After CIK cytotherapy Before CIK cytotherapy Mean Difference

Mean Difference

Study or Subgroup Mean SD __ Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
CD4+ T cells

Weng 2008 335 8 45 311 9 45 10.7% 2.40[-1.12,5.92] ]
Xu 2013 35 5 40 29 7 40 18.7%  6.00[3.33, 8.67] -
Zhang 2014 26.45 4.2 41 2297 5.34 41 30.7% 3.48 [1.40, 5.56) —
Subtotal (95% CI) 126 126 60.2%  4.07 [2.58, 5.56] -
Heterogeneity: Chi* = 3.19, df = 2 (P = 0.20); 1* = 37%
Test for overall effect: Z = 5.37 (P < 0.00001)

B CD8+ T cells
Weng 2008 286 8.3 45 311 7.8 45 12.0% -2.50[-5.83,0.83] I
Xu 2013 27 5 40 30 6 40 22.7% -3.00[-5.42, -0.58] -
Zhang 2014 3268 10.56 41 35.61 129 41 51% -293[-8.03,2.17] A
Subtotal (95% CI) 126 126 39.8% -2.84 [4.67,-1.01] ) “‘. . )
Heterogeneity: Chi* = 0.06, df = 2 (P = 0.97); I = 0% 1'0 ;5 0 é 1’0

Test for overall effect: Z = 3.05 (P = 0.002)

Figure 3: Forest plot for lymphocyte subsets assessment. The outcomes were

Decrease  Increase

obtained from patients before and after CIK

cytotherapy. The fixed effects meta-analysis model (Mantel-Haenszel method) was used for CD4" T cells A. and CD8* T cells B. in this

analysis.
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Sensitivity analysis

Sensitivity analysis suggested that no individual
studies dominantly affected the pooled HRs for RFS, PFS
and OS, indicating that the results of this meta-analysis
were statistically stable (Supplementary Figure 3).

Publication bias
No significant publication bias for RFS, PFS, OS,

changes of lymphocyte subsets and AEs was observed in
Begg’s funnel plot (Supplementary Figure 4).

DISCUSSION

Reversing the immune-suppressive microenvironment
in tumor shall be a promising strategy for HCC [25]. ACT
as a potentially effective treatment, contains several types
of lymphocytes including tumor-infiltrating lymphocytes,
lymphokine-activated killer cells, and CIKs, etc. First
reported by Schimidt Wolf and his colleagues, CIKs were
tested in various cancers, which remained controversial
for the heterogeneity of individual immnuotolerance
mechanism and lack of consensus on the selection of right
patients at right time [26]. In the present meta-analysis,

CIK non-ClK Odds Ratio Odds Ratio
A pyrexia
Qiu 2011 8 9 0 9 3.2% 107.67 [3.85, 3013.13] 2011 .
Wang 2012 27 38 36 38 6.7% 0.14 [0.03, 0.67] 2012 -
Yu 2014 19 66 13 66 8.8% 1.65[0.74, 3.70] 2014 0T
Cui 2014 1 30 0 32 3.3% 3.31[0.13, 84.32] 2014
Lee 2015 13 115 0 115 3.9% 30.42[1.79, 518.23] 2015 - *
Xu 2016 & 102 94 17 Not estimable 2016
Subtotal (95% CI) 360 277 25.9% 3.33 [0.44, 24.96] ""*‘"
Total events 76 143
Heterogeneity: Tau® = 3.81; Chi® = 20.18, df = 4 (P = 0.0005); I = 80%
Test for overall effect: Z=1.17 (P = 0.24)
B flu-like symptom
Qiu 2011 1 9 0 9  32% 3.35[0.12,93.83] 2011
Wang 2012 30 38 29 38  81% 1.16 [0.40, 3.43] 2012 N b
Yu 2014 12 66 9 66  8.4% 1.41[0.55, 3.61] 2014 -1
Lee 2015 0 115 4 15 81% 9.79[3.32, 28.86] 2015 -
Xu 2016 0 102 102 2 Not estimable 2016
Subtotal (95% CI) 330 230 27.8% 2.56 [0.80, 8.20] i
Total events 73 144
Heterogeneity: Tau® = 0.88; Chi* = 9.81, df = 3 (P = 0.02); I = 69%
Test for overall effect: Z = 1.58 (P =0.11)
C digestive reaction
Wang 2012 31 38 38 38 3.8% 0.05 [0.00, 0.89] 2012 ]
Yu 2014 5 66 7 66 7.7% 0.69 [0.21, 2.30] 2014 - 1
Lee 2015 3 115 3 115 6.6% 1.00[0.20, 5.06] 2015 - 1
Xu 2016 6 102 96 4 Mot estimable 2016
Subtotal (95% CI) 321 223  18.2% 0.52 [0.14, 1.93] —a—
Total events 45 144
Heterogeneity: Tau? = 0.55; Chi* = 3.37,df =2 (P = 0.19); P =41%
Test for overall effect: Z = 0.97 (P = 0.33)
D allergy
Qiu 2011 7 2] 0 9 34% 57.00[2.36, 1375.77] 2011 -
Yu 2014 3 66 2 66 6.1% 1.52 [0.25, 9.43] 2014 N
Subtotal (95% CI) 75 75  95%  7.35[0.21, 262.45] e —
Total events 10 2
Heterogeneity: Tau® = 5.02; Chi* = 3.87, df =1 (P = 0.05); I =T74%
Test for overall effect: Z=1.09 (P = 0.27)
E deterioration of liver function
Wang 2012 4 38 9 38 7.5% 0.38 [0.11, 1.36] 2012 B
Yu 2014 4 66 5 66 7.3% 0.79 [0.20, 3.07] 2014 - 1
Cui 2014 0 30 9 32 3.8% 0.04 [0.00, 0.73] 2014 —
Xu 2016 0 102 102 1 Mot estimable 2016
Subtotal (95% CI) 236 137 18.7% 0.36 [0.10, 1.31] —
Total events 8 125 b " " 4
Heterogeneity: Tau? = 0.58; Chi* = 3.65, df = 2 (P = 0.16); 1> = 45% 0.01 0.1 1 10 100

Test for overall effect: Z=1.55 (P = 0.12)

Favours CIK Favours non-CIK

Figure 4: Comparison of the adverse events between CIK group and non-CIK group. The random-effects meta-analysis

model (Mantel-Haenszel method) was used in this analysis.
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CIKs were indicated as an effective adjuvant therapy for
HCC patients by improving RFS and PFS.

We found that CIKs prolonged RFS and PFS with
reasonable heterogeneity between studies. In subgroups
of quasi-RCTs, only two studies reported RFS, which
may result in insignificant RFS as well as heterogeneity
between-studies for the limited number of available
studies. In other subgroups, such as study quality,
tumor staging systems, clinical characteristics, previous
treatments and CIKs treatments, the analysis showed
consistency of both RFS and PFS. Liver resection and
other invasive treatments massively reduced tumor burden
and alleviate pre-existing immune suppression, which
might improve the effect of CIKs. Moreover, transarterial
embolization or local ablation may increase tumor
immunogenicity and unmask tumor-specific antigens [27,
28]. After curative resection or other local therapies, HCC
patients without metastases or portal venous thrombus
would benefit from sequential CIKs transplantation in
terms of cancer recurrence and progression.

The significant improvement of OS by CIKs
was not confirmed due to the defects of heterogeneity
between studies. After subgroup analysis, we found that
the heterogeneity may result from differences in study
quality, tumor staging systems, and clinical characteristics
of the enrolled patients. And significant improvement of
OS by CIKs was observed in all of the above subgroups.
But in subgroup of resection as the previous treatments,
more than 5 times injection of CIKs as the cytotherapy,
and AJCC as the staging system, there was no significant
prolongation of OS in CIK group. For only two studies
using AJCC staging system, more convincing evidence
should be collected in further clinical studies. So far, HCC
patients with sufficient liver function (Child-Pugh A/B)
and without metastases or portal venous thrombus, would
have a further prolonged OS by CIKs after local therapies
(e.g. TACE/RFA/PEI/PMCT). However, these patients
would not have a further improvement of OS by CIKs
after liver resection. According to our previous studies,
the OS of HCC patients was significantly influenced
by treatments of later lines, which made it difficult to
improve OS for CIKs [29]. Thus, RFS and PFS shall be
more appropriate endpoints for evaluating the efficacy of
CIKs. Summarily, sequential CIKs presented a promising
efficacy in improving RFS and PFS for HCC patients after
receiving conventional procedures, and in improving OS
for those underwent TACE/RFA/PEI/PMCT.

Monitoring the effect of CIKs during the treatment
was also essential. Several studies investigated the
predictive value of peripheral lymphocyte subsets during
CIKs treatment, of which the results were inconsistent
[30]. It’s reported that CD4" T cells were required
for the remodeling of the tumor microenvironment to
sustain tumor regression [31]. Moreover, Endig, et al
found depletion of CD8" T cells markedly delays tumor
progression in mice with chronic liver injury, which

indicated a facilitative role of CD8" T cells in the tumor
microenvironment of HCC [32]. In present study, the
proportion of CD4" T cells increased significantly while
CDB8" T cells decreased dramatically in patients receiving
CIKs therapy, which implied potential predictors for
CIKs. But further clinical confirmation was needed due to
a limited number of trials reported changes of lymphocyte
subsets in this study.

CIK cytotherapy presented a reliable safety profile
without increase of AEs. Many studies didn’t provide
completely quantitative information of AEs, but they
did report that AEs in Grade 3/4 were rare. Based on our
results, we deduced that CIKs might be more salutary for
HCC patients with sufficient liver function (Child-Pugh
A/B) and without metastasis or portal venous thrombus.
However, the optimal timing of sequential CIKs cannot
be concluded because a wide range of treatment cycles
were conducted among the included studies. Randomized
clinical trials were needed to further confirm the timing of
CIKs treatments.

The present study employed a more advanced and
accurate statistical strategy to achieve more conclusive
results. Antecedent meta-analysis assessed the efficacy of
CIKs for HCC patients after minimally invasive treatments
and concluded that both RFS and OS were significantly
improved in CIKs group compared with control group
[33]. They included both prospective and retrospective
studies, and pooled survival rate with OR to evaluate the
efficacy of CIK cytotherapy. By comparison, our study
possessed some advantages. Firstly, we included only
prospective studies (RCTs and quasi-RCT), and performed
a stratification analysis. Though the number of potentially
eligible studies was limited, we evaluated strictly on the
quality of the included studies by well-accepted tools.
Secondly, to integrate time-to-events (RFS, PFS and OS),
we calculated HR to show a trend over time rather than
OR to show efficacy at some time point. Thirdly, both
survival outcomes, changes of lymphocyte subsets and
AEs were analyzed.

Our study also had some limitations. Primarily, all
eligible clinical trials were conducted in oriental countries,
where chronic HBV infection was the major etiology.
Thus, our results could not be easily expanded to HCV-
related HCC and other types of HCC. Secondly, a limited
number of studies were included in secondary outcomes.
Though these studies reported relatively consistent results
in secondary outcomes, more eligible studies were needed
to draw a more convincing conclusion. Lastly, the present
meta-analysis was not based on individual patient data
and unable to subject to an open external evaluation
procedure. Therefore, the analysis may have potential bias
in over-estimating the treatment effects. Several completed
clinical trials haven’t display their results at present, which
limited our collection of concerning data (NCT01749865).
Despite these limitations, CIKs as an adjuvant therapy for
HCC presented a potentially efficacy, which deserved
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further verification in more specific subgroup of HCC
patients.

Above all, sequential CIKs presented a promising
efficacy in improving RFS and PFS for HCC patients
after receiving conventionally invasive therapies, and in
improving OS for those after TACE/RFA/PEI/PMCT.
Optimizing patient selection shall be the direction to
promote the efficacy of CIKs in future studies.

MATERIALS AND METHODS

Study protocol and literature search

A prospective protocol of objectives, search
strategies, selection criteria, outcome measurements,
and methods of statistical analysis were settled down
in advance, which was accordant with Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines and conducted in accordance
with the Cochrane Collaboration’s systematic review
framework [34, 35].

With no language or regional restrictions, we
searched on Pubmed, Embase, Web of Science and the
Cochrane Library using key words as hepatocellular
carcinoma and cytokine-induced killer cells date to
October 7, 2016. The trial register and reference lists of
related articles were also searched for supplements. We
regularly updated the search until October 7, 2016. We
tried to obtain information about relevant studies that have
been completed but never published in the following ways:
1) The International Standard Randomized Controlled
Trial Number Register scheme; 2) The International
Clinical Trials Registry Platform Search Portal; 3) Formal
letters of request for information about unpublished
studies to colleagues.

Selection criteria

Inclusion criteria: 1) patients diagnosed
confirmedly of HCC without systematic treatments
before enrolling; 2) studies comparing the outcomes
of conventional treatments plus sequential CIKs
with conventional treatments alone; 3) conventional
treatments  including liver resection, TACE,
percutaneous microwave coagulation therapy (PMCT),
radiofrequency ablation (RFA), percutaneous ethanol
injection (PEI); and 4) both randomized controlled
trials (RCTs) and quasi-RCTs with available data were
included.

Exclusion criteria: 1) patients with metastatic
HCC or mixed malignancies; 2) repeated reports, which
were excluded in several ways: same studies published
in different magazines; overlapped data from the
studies reported by the same authors or from the same
organization.

Data extraction

Assessment of the eligibility of the retrieved studies
and data extraction of the included studies were performed
by Xiu-Rong Cai and Xing Li separately. A unified data
form was applied, which included the following items:
first author, publication year, study period and country,
study design, patient demographic, disease characteristics,
details of treatments, hazard ratio (HR) with 95%
confidential interval (95% CI) for the CIK group compared
with non-CIK group, changes of lymphocyte subsets
before and after CIKs therapy and adverse events (AEs) of
both groups. Any discrepancies were discussed mutually
and ultimately solved by Xiu-Rong Cai. The same method
was used to evaluate the quality of the included studies.

Outcome definition

Our primary outcomes were recurrence-free survival
(RES), progress-free survival (PFS) and overall survival
(OS). Secondary outcomes were changes of lymphocyte
subsets and AEs. RFS was defined as the time from
treatments to either local, distant recurrence or death (any
cause). PFS was defined as the time from treatments to the
date on disease progressing or death (any cause). With OS
defined as the time from treatments to death or to the date
of the last follow-up for censored patients. Changes of
lymphocyte subsets such as CD4" T cells and CD8" T cells
were recorded before and after CIKs. AEs were classified
and graded according to the Common Terminology
Criteria for Adverse Events, version 3.0.

Qualitative assessment

The methodological quality of RCTs and quasi-
RCTs were assessed by the Cochrane risk of bias tool
[36], which contained bias of sequence generation,
allocation concealment, blinding, incomplete outcome
data addressed, selective reporting and other bias. Each
bias was labeled as low-risk, unclear-risk or high-risk. A
study without any high-risk of bias was judged as high-
quality RCT.

Statistical analysis

We proceeded all meta-analysis based on Review
Manager version 5.0 and STATA SE version 12.0.

RFS, PFS and OS were pooled by HR with 95%
CI, which was estimated by the tool introduced by Parmar
MK and his colleagues [37]. HR of less than 1 represented
a benefit of CIK group compared with non-CIK group.
Continuous and dichotomous variables were denoted by
weighted mean difference (WMD) and odds ratio (OR)
with 95% CI. OR greater than 1 showed more frequency
of events in CIK group. All reported p values were two-
tailed and deemed statistically significant if less than 0.05.
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Both y’ test and I? tests were utilized to evaluate
heterogeneity among studies. When the p value from the
heterogeneity analysis was greater than 0.1, a fixed effects
model was applied, which demonstrated no significant
heterogeneity. Otherwise a random-effects model was
applied [38]. Specifically, the higher y° and P statistic, the
greater heterogeneity.

Subgroup analysis was performed considering
different study designs, study quality, tumor staging
systems, clinical characteristics, previous treatments and
details of CIK treatments. To assess the consistency of
the results and evaluate the influence of single studies on
overall risk estimate, we conducted a sensitivity analysis
by omitting each study in turn. Begg’s funnel plot was
used to analyze publication bias. The p value less than
0.05 represented a statistically significant publication bias.

ACKNOWLEDGMENTS

This study was supported by grants from the
National Natural Science Foundation of China (No.
81372374, 81172193, 81402426, 81402509, 31600710),
and Natural Science Foundation of Guangdong (No.
2014A030313146 and 2016A030313302).

FUNDING STATEMENT

This work was supported by grants from the National
Natural Science Foundation of China (No. 81372374,
81172193, 81402426, 81402509, 31600710), and Natural
Science Foundation of Guangdong (No. 2014A030313146
and 2016A030313302). The sponsors of the study had no
role in study design, data extraction, data analysis, data
interpretation, or writing of the report. The co-authors
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

CONFLICTS OF INTEREST

The authors have no financial issues or conflicts of
interest related to this article to disclose.

REFERENCES

1. Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma:
clinical frontiers and perspectives. Gut. 2014; 63:844-855.

2. Jia CC, Wang TT, Liu W, Fu BS, Hua X, Wang GY, Li TJ,
Li X, Wu XY, Tai Y, Zhou J, Chen GH, Zhang Q. Cancer-
associated fibroblasts from hepatocellular carcinoma
promote malignant cell proliferation by HGF secretion. Plos
One. 2013; 8:63243.

3. Wu DH, Jia CC, Chen J, Lin ZX, Ruan DY, Li X, Lin
Q, Min D, Ma XK, Wan XB, Cheng N, Chen ZH, Xing
YF, et al. Autophagic LC3B overexpression correlates
with malignant progression and predicts a poor prognosis

10.

11.

12.

13.

14.

in hepatocellular carcinoma. Tumour Biology. 2014;
35:12225-12233.

Yamashita T, Kitao A, Matsui O, Hayashi T, Nio K, Kondo
M, Ohno N, Miyati T, Okada H, Mizukoshi E, Honda M,
Nakanuma Y, Takamura H, et al. Gd-EOB-DTPA-enhanced
magnetic imaging and alpha-fetoprotein
predict prognosis of early-stage hepatocellular carcinoma.
Hepatology. 2014; 60:1674-1685.

Qi X, Liu L, Wang D, Li H, Su C, Guo X. Hepatic resection
alone versus in combination with pre- and post-operative

resonance

transarterial chemoembolization for the treatment of
hepatocellular carcinoma: A systematic review and meta-
analysis. Oncotarget. 2015; 6:36838-36859. doi: 10.18632/
oncotarget.5426.

Li X, Zhong X, Chen ZH, Xing YF, Wu DH, Chen J,
Ma XK, Lin Q, Wen JY, Wei L, Wang TT, Ruan DY, Lin
ZX, et al. Hepatitis B virus DNA negativity acts as a
favorable prognostic factor in hepatocellular carcinoma
patients. Asian Pacific journal of cancer prevention. 2014;
15:9635-9641.

Prieto J, Melero I, Sangro B. Immunological landscape
and immunotherapy of hepatocellular carcinoma. Nature
reviews Gastroenterology & hepatology. 2015; 12:681-700.

Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG, Weissman
IL. Use of a SCID mouse/human lymphoma model to evaluate
cytokine-induced killer cells with potent antitumor cell activity.
The Journal of experimental medicine. 1991; 174:139-149.
Leemhuis T, Wells S, Scheffold C, Edinger M, Negrin RS. A
phase I trial of autologous cytokine-induced killer cells for
the treatment of relapsed Hodgkin disease and non-Hodgkin
lymphoma. Biology of Blood and Marrow Transplantation.
2005; 11:181-187.

Li R, Wang C, Liu L, Du C, Cao S, Yu J, Wang SE, Hao
X, Ren X, Li H. Autologous cytokine-induced killer cell
immunotherapy in lung cancer: a phase II clinical study.
Cancer immunology, immunotherapy. 2012; 61:2125-2133.
Liu L, Zhang WH, Qi XY, Li H, Yu JP, Wei S, Hao XS, Ren
XB. Randomized Study of Autologous Cytokine-Induced
Killer Cell Immunotherapy in Metastatic Renal Carcinoma.
Clinical Cancer Research. 2012; 18:1751-1759.

Shi LR, Zhou Q, Wu J, Ji M, Li GJ, Jiang JT, Wu CP.
Efficacy of adjuvant immunotherapy with cytokine-induced
killer cells in patients with locally advanced gastric cancer.
Cancer Immunology Immunotherapy. 2012; 61:2251-2259.

Lee JH, Lee JH, Lim YS, Yeon JE, Song TJ, Yu SJ, Gwak
GY, Kim KM, Kim YJ, Lee JW, Yoon JH. Adjuvant
Immunotherapy With Autologous Cytokine-Induced Killer
Cells for Hepatocellular Carcinoma. Gastroenterology.
2015; 148:1383-1391.

Takayama T, Sekine T, Makuuchi M, Yamasaki S, Kosuge
T, Yamamoto J, Shimada K, Sakamoto M, Hirohashi S,
Ohashi Y. Kakizoe T. Adoptive immunotherapy to lower
postsurgical recurrence rates of hepatocellular carcinoma:
a randomised trial. Lancet. 2000; 356:802-807.

www.impactjournals.com/oncotarget

31326

Oncotarget



16.

17.

19.

20.

21.

22.

23.

24.

. Yu X, Zhao H, Liu L, Cao S, Ren B, Zhang N, An X, Yu

J, Li H, Ren X. A randomized phase II study of autologous
cytokine-induced killer cells in treatment of hepatocelluar
carcinoma.

34:194-203.
Hui D, Qiang L, Jian W, Ti Z, Da-Lu K. A randomized,
controlled trial of postoperative adjuvant cytokine-induced
killer cells immunotherapy after radical resection of
hepatocellular carcinoma. Digestive and liver disease.
2009; 41:36-41.

Xu YM, Xu DY, Zhang NZ, Shi Y, Luan ZY, Liu JQ.
TACE combined PMCT sequential own cancer vaccine and

Journal of Clinical Immunology. 2014;

immunoeffector cells to treat large hepatocellular carcinoma
clinical observation. Chinese Journal of Cancer Prevention
and Treatment. 2013; 20:1928-1932.

. Zhang QC, Pan GZ, Li GQ, Yuan QZ, Xu JB, Kong Y, Wang

LM. DC-CIK cell therapy combined with transcatheter
arterial chemoembolization and radiofrequency ablation for
treatment of small hepatocellular carcinoma. World Chinese
Journal of Digestology. 2014; 22:2237-2242.

Cui J, Wang N, Zhao H, Jin H, Wang G, Niu C, Terunuma
H, He H, Li W. Combination of radiofrequency ablation and
sequential cellular immunotherapy improves progression-
free survival for patients with hepatocellular carcinoma.
International Journal of Cancer. 2014; 134:342-351.

Qiu Y, Xu M, Yun MM, Wang Y, Zhang R, Meng X,
Ou-Yang X, Yun S. Hepatocellular carcinoma-specifc
immunotherapy with synthesized a1,3- galactosyl epitope-
pulsed dendritic cells and cytokine-induced killer cells.
World Journal of Gastroenterology. 2011; 17:5260-5266.
Weng DS, Zhou J, Zhou QM, Zhao M, Wang QlJ,
Huang LX, Li YQ, Chen SP, Wu PH, Xia JC. Minimally
invasive treatment combined with cytokine-induced killer
cells therapy lower the short-term recurrence rates of
hepatocellular carcinomas.
2008; 31:63-71.

Wang JP, Li W, Huang ZL, Wu PH, Li XS, Wei YD,
Zhou QM, Pan CC, Xia JC, Zhao M. Value of CIK in the
treatment of TACE combined with RFA for HCC in long-
term survival and prognostic analysis. Zhonghua yi xue za
zhi. 2012; 92:3062-3066.

Hao MZ, Lin HL, Chen Q, Ye YB, Chen QZ, Chen MS.
Efficacy of transcatheter arterial chemoembolization

Journal of immunotherapy.

combined with cytokine-induced killer cell therapy on
hepatocellular carcinoma: A comparative study. Chinese
Journal of Cancer. 2010; 29:172-177.

Xu L, Wang J, Kim Y, Shuang ZY, Zhang YJ, Lao XM,
Li YQ, Chen MS, Pawlik TM, Xia JC, Li SP, Lau WY. A
randomized controlled trial on patients with or without
autologous
after curative resection for hepatocellular carcinoma.
Oncolmmunology. 2016; 5:¢1083671-79.

adjuvant cytokine-induced killer cells

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Calderaro J, Rousseau B, Amaddeo G, Mercey M, Charpy
C, Costentin C, Luciani A, Zafrani ES, Laurent A, Azoulay
D, Lafdil F, Pawlotsky JM. Programmed death ligand
1 expression in hepatocellular carcinoma: Relationship
With clinical and pathological features. Hepatology. 2016;
64:2038-2046.

Thanendrarajan S, Nowak M, Abken H, Schmidt-Wolf IGH.
Combining cytokine-induced killer cells with vaccination in
cancer immunotherapy: More than one plus one? Leukemia
Research. 2011; 35:1136-1142.

Ali MY, Grimm CF, Ritter M, Mohr L, Allgaier HP, Weth R,
Bocher WO, Endrulat K, Blum HE, Geissler M. Activation
of dendritic cells by local ablation of hepatocellular
carcinoma. Journal of hepatology. 2005; 43:817-822.
Dromi SA, Walsh MP, Herby S, Traughber B, Xie J,
Sharma KV, Sekhar KP, Luk A, Liewehr DJ, Dreher MR,
Fry TJ, Wood BJ. Radiofrequency ablation induces antigen-
presenting cell infiltration and amplification of weak tumor-
induced immunity. Radiology. 2009; 251:58-66.

Hong YF, Chen ZH, Ma XK, Li X, Wu DH, Chen J, Dong
M, Wei L, Wang TT, Ruan DY, Lin ZX, Wen JY, Lin Q,
et al. Comparison of five models for end-stage liver
disease in predicting the survival rate of patients with
advanced hepatocellular carcinoma. Tumour Biol. 2016;
37:5265-5273.

Lin ZX, Ruan DY, Li Y, Wu DH, Ma XK, Chen J, Chen
ZH, Li X, Wang TT, Lin Q, Wen JY, Wu XY. Lymphocyte-
to-monocyte ratio predicts survival of patients with
hepatocellular carcinoma after curative resection. World
Journal of Gastroenterology. 2015; 21:10898-10906.
Rakhra K, Bachireddy P, Zabuawala T, Zeiser R, Xu L,
Kopelman A, Fan AC, Yang Q, Braunstein L, Crosby E,
Ryeom S, Felsher DW. CD4+ T cells contribute to the
remodeling of the microenvironment required for sustained
tumor regression upon oncogene inactivation. Cancer cell.
2010; 18:485-498.

Endig J, Buitrago-Molina LE, Marhenke S, Reisinger F,
Saborowski A, Schutt J, Limbourg F, Konecke C, Schreder
A, Michael A, Misslitz AC, Healy ME, Geffers R, et al.
Dual Role of the Adaptive Immune System in Liver Injury
and Hepatocellular Carcinoma Development. Cancer cell.
2016; 30:308-323.

Li X, Dai D, Song X, Liu J, Zhu L, Xu W. A meta-analysis
of cytokine-induced killer cells therapy in combination with
minimally invasive treatment for hepatocellular carcinoma.
Clin Res Hepatol Gastroenterol. 2014; 38:583-591.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche
PC, loannidis JP, Clarke M, Devercaux PJ, Kleijnen J,
Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;
339:b2700.

www.impactjournals.com/oncotarget

31327

Oncotarget



35. Higgins JPT GSe. Cochrane Handbook for Systematic 37. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR.

Reviews of Interventions Version 5.1.0. The Cochrane Practical methods for incorporating summary time-to-event
Collaboration. 2011. data into meta-analysis. Trials. 2007; 8:16.

36. Green S, Higgins J, Cochrane C. Cochrane Handbook for 38. DerSimonian R, Laird N. Meta-analysis in clinical trials.
Systematic Reviews of Interventions. Controlled clinical trials. 1986; 7:177-188.

www.impactjournals.com/oncotarget 31328 Oncotarget



