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Abstract: In attempts to delay tumor progression after surgery or minimally invasive local treatments, multidisci-
plinary strategies have been broadly studied in patients with hepatocellular carcinoma (HCC). The objective of this 
present study was to evaluate the efficacy of autologous transplantations of cytokine-induced killer (CIK) cells as an 
adjuvant therapy for patients with HCC. A total of 264 patients with HCC were enrolled in this retrospective study. 
Of these patients, 165 received either CIK cell therapy alone or as adjuvant therapy to surgery, transcatheter arte-
rial chemoembolization (TACE), or TACE-based comprehensive treatments (CT). The remaining 99 patients received 
only surgery or TACE. Kaplan-Meier analysis and the Chi-squared test were used to analyze the overall survival (OS), 
progression-free survival (PFS), and clinical characteristics of the patients in the different treatment subgroups. 
Kaplan-Meier analysis suggested that patients in the Surgery+CIK group had a significantly improved OS compared 
with those in the other three groups (P < 0.001). Furthermore, patients who developed a fever after the CIK cell 
treatments manifested a likely better OS (P = 0.028). Subgroup analysis indicated that patients in the Surgery+CIK 
group likely had an improved PFS but a similar OS compared with the patients in the Surgery-alone group (P = 
0.055 for PFS, and P = 0.746 for OS). Further subgroup analysis showed that the OS in both the TACE+CIK and 
CT+CIK groups was prolonged significantly compared with that in the TACE-alone group (P = 0.015 and P = 0.018, 
respectively). However, similar OS was observed between the TACE+CIK and CT+CIK groups (P = 0.686). Autologous 
transplantation of CIK cells as an adjuvant therapy was associated with better survival for patients with HCC, espe-
cially for those who had also undergone TACE. A fever reaction might be a potential event for assessing the curative 
effect of the CIK treatment.
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Introduction

The long-term prognosis of hepatocellular car-
cinoma (HCC) is still unsatisfactory to date 
owing to the high recurrence and mortality 
rates either after curative operations or pallia-
tive therapy [1, 2]. To help patients with HCC 
achieve better long-term survival, multiple 
strategies have been explored, including the 
combination of local therapies, adjustment of 
antiviral agent usage, and application of 
advanced image technologies [3-7]. However, 

whether or not patients with HCC will benefit 
from adjuvant approaches after liver resection 
and minimally invasive local therapies, includ-
ing chemotherapy, sorafenib, and immunother-
apy, is still a matter of controversy [8-10].

Cytokine-induced killer (CIK) cells (hereafter 
CIKs), comprising CD3+CD56+ cells, CD3-
CD56+ natural killer (NK) cells, and CD3+CD56- 
cytotoxic T cells, are mainly T effector memory 
CD8+ T cells that have acquired NK-like cytotox-
icity in ex vivo culture [11]. CIKs can be easily 
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expanded according to a 14-day culture proto-
col using three main reagents; namely, anti-
CD3 OKT antibody, interferon gamma (IFNγ), 
and interleukin 2 (IL2) [12]. Previous preclinical 
experiments have shown that CIKs killed HCC 
cells in vitro [13], and were located within the 
tumor mass in vivo and induced no severe side 
effects after their sequential transplantation 
[14, 15]. CIKs were designed to ameliorate the 
immunosuppressive microenvironment in tu- 
mors and consequently presented certain effi-
cacies in several malignancies [16-20]. Au- 
tologous transplantation of CIKs was consid-
ered as an important adjuvant treatment for 
HCC therapy to prolong the survival of cancer 
patients. For instance, these patients would 
receive CIK therapy after a standard treatment, 
including surgical resection, transcatheter arte-
rial chemoembolization (TACE), and TACE-ba- 
sed comprehensive treatments (CT). Moreover, 
CIK therapy was also the only effective way to 
improve the prognosis of patients with ad- 
vanced tumors, who were not able to tolerate 
the standard treatments owing to their worse 
physical status. Recently, CIKs were extensively 
studied in patients with hepatitis B virus (HBV)-
related HCC, which remains the main causal 
factor among patients with this type of cancer 
[21, 22]. However, it is still unclear which types 
of patients with HCC will benefit most from 
sequential CIK treatments.

On the basis of such information, we retrospec-
tively studied the efficacy of adjuvant CIK treat-
ments in patients with HCC who had undergone 
surgical resection or minimally invasive treat-
ments of TACE or CT. Our aims were to predict 
the potential clinical benefits derived from CIKs 
and to indicate an experience of CIK treatment 
in HCC.

Patients and methods

Study design and participants

From October 2013 to March 2017, a total of 
264 patients with HCC were investigated at The 
Third Affiliated Hospital of Sun Yat-san Uni- 
versity, Guangzhou, China. Patients were in- 
cluded in the study if they met the following cri-
teria: (1) was 18-75 years old; (2) had a con-
firmed diagnosis of HCC by pathologic examina-
tion, or at least two concordant imaging studies 
(computed tomography and/or magnetic reso-
nance imaging) showing both early enhance-
ment and delayed decreased enhancement, in 

accordance with the American Association for 
the Study of Liver Disease Practice Guideline 
for Management of HCC; (3) had not undergone 
liver transplantation; and (4) had an Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status score of less than 2.

The exclusion criteria were as follows: the pres-
ence of (1) an immune deficiency or autoim-
mune diseases; (2) other types of malignan-
cies; (3) severe dysfunction of the heart, lung, 
or other organs; (4) an active infection, except 
for viral hepatitis; and (5) a severe allergic 
disorder.

All patients with hepatocellular carcinoma 
underwent treatment including surgery, TACE 
and TACE-based comprehensive treatment like 
radiofrequency or target therapy combined with 
TACE were strictly following the criteria of NCCN 
guidelines. However, According to the recom-
mendations of the NCCN Guide: “NCCN believes 
that the best management of any patient with 
cancer is in a clinical trial. Participation in clini-
cal trials is especially encouraged”. The patients 
had a free choice to the adoptive immune cell 
therapy CIK, as an adjuvant treatment. A lot of 
previously reported researches demonstrated 
that CIK combined with TACE, resection and 
other adjuvant treatment have brought survival 
benefits to patients, based on these evidences, 
CIK therapy is recommended for patients with 
surgery, TACE, and combined therapy, as well 
as patients with advanced HCC (who cannot tol-
erate any treatment) in our center. The patients 
were free to choose CIK according to their own 
willingness. The patients were divided into two 
groups based on undergoing CIK or not. We 
then further divided the two groups into sub-
groups according to the mode of basic treat-
ment, and analyzed the baseline data of each 
subgroup and found that there was no signifi-
cant statistical difference between these two 
groups. Such as surgical plus CIK and single 
surgery (Table 5) TACE +CIK, CT+CIK and TACE 
alone (Table 7). Therefore, further statistical 
analysis is based on this basis.

The enrolled patients who had received sur-
gery, TACE, or CT together with adjuvant autolo-
gous transplantation of CIKs were designated 
as the Surgery+CIK, TACE+CIK, and CT+CIK 
groups, respectively. TACE and TACE-based 
comprehensive treatments (CT) based on the 
conventional therapy, and CT were defined  
as the combined TACE with chemothepeutic 
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agents or targeted drugs (such as cisplatin or 
sorafenib). Patients who were treated with only 
CIK therapy were designated as the CIK group. 
Control patients who had received only surgery 
or TACE alone were designated as the Surgery 
and TACE groups, respectively. 

This study was approved by the ethics commit-
tee of The Third Affiliated Hospital of Sun Yat-
san University. All study procedures conformed 
to the norms of the Declaration of Helsinki. 
Written informed consent was obtained from 
each patient according to institutional gui- 
delines.

Autologous CIK preparation and transplanta-
tion

Peripheral blood mononuclear cells (PBMCs) 
were isolated from 30 mL of peripheral blood 
collected from individual patients, and the CIKs 
used for adoptive cell therapy were prepared at 
the Good Manufacturing Practice (GMP) Pro- 
duction Facility of Biotherapy Center in the 
Third Affiliated Hospital of Sun Yat-sen Uni- 
versity. In brief, the isolated PBMCs were cul-
tured with anti-CD3 OKT antibody, INFγ, and IL2 
at 37°C for 14 days according to a modified CIK 
preparation protocol [23]. The patients received 
a 250-mL intravenous administration of the 
CIK product in 60 min without any premedica-
tion and were then observed for at least 30 min 
after the treatment either as an inpatient or 
outpatient. The recommended frequency of CIK 
treatments for the patients was every 2 weeks 
for the first 4 treatments, every 4 weeks for the 
second 4 treatments, and then every 3 months 
for the following maintenance treatments. A 
reasonable delay of a maximum of 1 week was 
acceptable if the CIK agent was not prepared 
on time owing to the cell status of the respec-
tive patients. 

Follow-up

The enrolled patients in the different treat-
ments groups were routinely followed up every 
3 months, including for clinical evaluation, liver 
function tests, serum alpha-fetoprotein (AFP) 
determination, ultrasound examination, and 
dynamic computed tomography scanning. The 
follow-up period was calculated from the fifth 
day of receiving surgical resection or TACE or CT 
to either the death of the patient or to the end 
of this study on March 30, 2017. All patients 

received a final assessment at the end of the 
study. 

End points of adjuvant treatment

The primary end point of this study was overall 
survival (OS). The secondary end point was pro-
gression-free survival (PFS). OS was defined as 
the time from the treatments to death or to the 
date of the last follow-up for censored patients. 
PFS was defined as the time from curative 
resection to either local or distant recurrence 
or death (any cause). For patients who under-
went TACE or CT, PFS was calculated from the 
time when no viable tumor existed after treat-
ments to cancer progression or death (any 
cause). Reactions to CIK treatment were 
defined as side effects that manifested during 
the therapy, including pyrexia, flu-like symp-
toms, digestive reactions, and deterioration of 
liver function.

Statistical analysis

Clinical data of the enrolled patients comprised 
patient demographics, disease characteristics, 
details of treatments, and CIK therapy-related 
reactions. Baseline characteristics were report-
ed as the median for continuous variables and 
as numbers with percentages for categorical 
variables. The Chi-squared test, Fisher’s exact 
test, and Mann-Whitney U test were used in 
performing univariate analyses. Multivariate 
analyses using the Cox proportional hazards 
model were performed for determining inde-
pendent significance by backward elimination 
of the insignificant baseline characteristics and 
explanatory variables. The OS and PFS data 
were analyzed using the Kaplan-Meier method 
and compared using the log-rank test. All val-
ues quoted were two-sided, and a p value of 
less than 0.05 was considered as statistical 
significance. The statistical analyses were con-
ducted using SPSS v.20.0 (SPSS, Inc., Chicago, 
IL, USA).

Results

Outcomes for patients who received CIK treat-
ment

Baseline characteristics: A total of 165 patients 
treated with CIKs were included in the final 
analysis. They comprised 10, 45, 52, and 58 
patients in the CIK, Surgery+CIK, TACE+CIK, 
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and CT+CIK groups, respectively, among all of 
which CIK treatment was performed an aver-
age of 9.7 times. The baseline characteristics 
of these 4 groups are shown in Table 1. The 
major primary liver disease was hepatitis B. Of 
these 165 patients, 128 (77.6%) were patho-
logically confirmed with liver cirrhosis. 

At the time of primary anticancer treatment, 
127 (77%) of the 165 patients were diagnosed 
with 1 tumor nodule within the liver, whereas 
38 (23%) patients had more than 1 nodule. Of 
these 165 patients, 104 (63%) were at TNM 
Stage 3 and 4, whereas 61 (37%) patients were 
at Stage 1 and 2. The AFP level was elevated in 
all the patients but with considerable standard 
deviations. No statistical significance was pre-
sented among these four groups with regard to 
these factors above.

On the other hand, the tumor number, vascular 
invasion, Child-Pugh Classification Grade, and 
tumor size were significantly different among 
the 4 groups. For instance, patients in the 

TACE+CIK and CT+CIK groups had greater 
tumor numbers than those of the other 2 
groups. Patients treated with CIKs alone had a 
higher incidence of vascular invasion than 
those in the Surgery+CIK, TACE+CIK, and 
CT+CIK groups. Patients in the Surgery+CIK 
group had significantly smaller tumor sizes than 
those of the other 3 groups. Moreover, patients 
in the CIK group had the highest proportion of 
Child-Pugh Classification Grade B and C tumors, 
whereas the patients in the Surgery+CIK group 
had the lowest proportion of such tumors 
among the 4 groups. Furthermore, the probabil-
ities of Child-Pugh Classification Grade B and C 
tumors in the TACE+CIK and CT+CIK groups 
were similar.  

Survival data

The survival data revealed that the patients 
treated with surgery with adjuvant CIK therapy 
had a significantly increased OS. In contrast, 
the patients treated with CIKs alone demon-
strated the shortest survival period, whereas 

Table 1. Clinical characteristics in total of patients treated with CIKs
Characteristics Total patients CIK Surgery+CIK TACE+CIK CT+CIK P-value
Age (yrs) 54.33+12.01 59.56+15.44 53.31+11.79 54.38+11.40 54+12.13 0.276
Gender
    Male 151 (91.5%) 8 (80%) 41 (91.1%) 48 (92.3%) 54 (93.1%) 0.499
    Female 14 (8.5%) 2 (20%) 4 (8.9%) 4 (7.7%) 4 (6.9%)
HBV infection 0.204
    Positive 151 (91.5%) 8 (80%) 39 (86.7%) 48 (92.3%) 56 (94.8%)
    Negative 14 (8.5%) 2 (20%) 6 (13.3%) 4 (7.7%) 2 (5.2%)
Liver cirrhosis 0.201
    Positive 128 (77.6%) 8 (80%) 30 (66.7%) 44 (84.6%) 46 (79.3%)
    Negative 37 (22.4%) 2 (20%) 15 (33.3%) 8 (15.4%) 12 (20.7%)
Tumor number 0.027
    > 1 38 (23%) 3 (30%) 6 (13.3%) 19 (36.5%) 10 (17.2%)
    1 127 (77%) 7 (70%) 39 (86.7%) 33 (63.5%) 48 (82.8%)
TNM stage 0.125
    I+II 61 (37%) 2 (20%) 23 (51.1%) 17 (32.7%) 19 (32.8%)
    III+IV 104 (63%) 8 (80%) 22 (48.9%) 35 (67.3%) 39 (67.2%)
Vascular invasion 0.018
    Positive 62 (37.6%) 8 (80%) 18 (40%) 17 (32.7%) 19 (32.8%)
    Negative 103 (62.4%) 2 (20%) 27 (60%) 35 (67.3%) 39 (67.2%)
Child-Pugh < 0.001
    A 103 (62.4%) 1 (10%) 39 (86.7%) 28 (53.8%) 35 (60.3%)
    B 55 (33.3%) 7 (70%) 6 (13.3%) 21 (40.4%) 21 (36.2%)
    C 7 (4.3%) 2 (20%) 0 (0%) 3 (5.8%) 2 (3.5%)
Tumor size 69.90+37.10 98.56+62.43 53.18+30.15 75.83+35.95 72.21+34.72 0.001
AFP Levels 619.39+2848.86 607+524.44 105.76+359.29 400.78+551.94 1248.35+4790.08 0.217
HBV, Hepatitis B virus; TNM stage, Tumor-Node-Metastasis stage.
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there were no great differences in OS between 
the TACE+CIK and CT+CIK groups (log-rank P < 
0.001; Figure 1A). As shown by the baseline 
characteristics, patients in the Surgery+CIK 
group had a smaller tumor size, whereas those 
treated with CIKs alone had a higher incidence 
of vascular invasion, which may be the reasons 
for the differences in OS among the 4 groups. 

The adverse events (AEs) that occurred in the 
CIK-treated individuals are indicated in Table 2. 
Among these, fever was the most common AE, 
with 26.1% of the patients experiencing low-
grade (ranging from 37°C to 38°C) and high-
grade (higher than 38°C) fevers. However, no 
severe AEs related to CIK treatment were 
observed in this study. we divided the patients 
who underwent CIK into three groups including 
the group without fever, with low-grade fever 
and with high-grade fever. Then the overall sur-
vival (OS) were analyzed by Kaplan-Meier and 
the results showed that there was no signifi-
cant difference among the three groups (P = 
0.075), which indicated that there was no rela-
tionship between the degree of fever and the 
outcome (Figure 1B). Those patients who mani-
fested fevers were further divided into the reac-
tion-positive group (fever) and the patients who 
did not manifest fevers were allocated to the 
reaction-negative group (no fever). The number 
of patients in both reaction groups was bal-
anced among the Surgery+CIK, TACE+CIK, and 
CT+CIK groups, and there was no significant 
difference among the 4 treatment groups 
(Table 2). Interestingly, the OS was significantly 

ctors for prognosis in the cohorts. The relati- 
onships between the reaction groups and the 
clinical characteristics were further analyzed, 
with results indicating no correlation between 
the reaction and any other characteristic (Table 
4).

Comparison of outcomes for patients treated 
with or without CIKs

As a control experiment, we also studied 
patients treated by surgery, TACE, or CT only for 
comparison with the patients who received 
adjuvant CIKs. For patients who had primarily 
received a liver resection, the OS and PFS were 
compared between the CIK-treated and non-
CIK-treated groups. As shown in Table 5, the 
baseline characteristics were comparable be- 
tween these two groups. Nevertheless, it 
seemed that more patients in the CIK group 
had severe advanced vascular invasion, albeit 
without statistical significance (P = 0.058). No 
remarkable differences in OS were observed 
between the CIK and non-CIK groups (log-rank 
P = 0.746; Figure 2A). However, a slight improve-
ment of PFS was observed in the CIK group 
(log-rank P = 0.055; Figure 2B). Further analy-
sis of the 3-year (36 months) OS and PFS 
revealed that the 3-year OS was similar between 
these two groups (log-rank P = 0.650; Figure 
2C), whereas the 3-year PFS was significantly 
improved in the CIK group (log-rank P = 0.033; 
Figure 2D).

The multivariate Cox proportional hazards anal-
ysis was tested in the surgery group regardless 

Table 2. Frequency of Reactions in total of patients treated with CIKs
Team Reactions Low-grade Fever High-grade Fever P-value
Total 43/165 (26.7%) 33 10 0.457**
CIK 2/10 (20%) 2 0
Surgery 13/32 (40.6%) 12 1
TACE 17/35 (48.6%) 11 6
CT 12/46 (28.9%) 9 3
**Fischer’s accurate test, multiple comparisons.

Table 3. Multivariate Cox proportional-hazards analysis in total patients

Variable
OS

HR 95% CI P value
Tumor size (< 5 cm vs. ≥ 5 cm) 2.045 1.204-3.474 0.003
Vascular invasion  (Negative vs. Positive) 1.796 1.115-2.894 0.006
Child-Pugh Classification Grade (A vs. B and C) 1.620 1.001-2.620 < 0.001
Reaction (Negative vs. Positive) 0.491 0.268-0.899 0.006

improved for the re- 
action-positive pati- 
ents (log-rank P = 
0.028; Figure 1C). A 
multivariate Cox pro-
portional hazards an- 
alysis was performed 
for all the CIK-treat- 
ed individuals. Of the 
baseline characteris-
tics included into the 
analysis, the tumor si- 
ze, vascular invasion, 
Child-Pugh Classific- 
ation Grade, and re- 
action were correlat-
ed with OS (Table 3), 
which suggested that 
these 4 parameters 
were independent fa- 
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of CIK treatment status. For determination of 
the PFS, the tumor size, vascular invasion, 
Child-Pugh Classification Grade, and CIK thera-
py were examined instead. As shown in Table 6, 
only CIK treatment was an independent predic-
tive factor for a higher PFS for all patients (haz-
ards ratio (HR) = 0.382, 95% confidence inter-
val (CI) = 0.182-0.802, P = 0.011). 

The patients primarily treated with TACE or CT 
plus adjuvant CIKs were also compared with 
control patients who received TACE alone. The 

tumor size, vascular invasion, ascites, and CIK 
therapy in the new cohort (Table 8). The results 
showed that CIK therapy was the single and 
independent risk factor for the OS of patients 
who had undergone minimally invasive local 
treatments (HR = 0.557, 95% CI = 0.327-0.949, 
P = 0.031). 

Discussion 

Reversing the tumorous microenvironment 
from an immune-suppressive pattern into an 

Table 4. Reactions related to clinical features in pa-
tients with HCC

Characteristics
Reaction P  

valueNegative  
(n = 121)

Positive  
(n = 44)

Age
    < 50 54 17 0.594
    ≥ 50 67 27
Gender
    Male 112 39 0.527
    Female 9 5
Tumor size
    < 5 cm 44 17 0.856
    ≥ 5 cm 77 27
Tumor multiplicity
    Single 94 33 0.835
    Multiple 27 11
HBV infection
    Negative 10 4 1.000
    Positive 110 40
Liver cirrhosis
    Negative 30 7 0.293
    Positive 91 37
Histological grade
    Poor and moderate 4 12 1.000
    well 28 80
Vascular invasion
    Negative 80 26 0.464
    Positive 41 18
TNM stage
    I+II 45 16 1.000
    III+IV 76 28
Serum AFP 
    < 400 ug/L 14 54 0.155
    ≥ 400 ug/L 18 38
Child-Pugh Classification Grade
    A 22 61 0.832
    B and C 10 31

baseline characteristics were compara-
ble among the TACE+CIK, CT+CIK, and 
TACE groups except for tumor number, 
Child-Pugh Classification Grade, total bili-
rubin (TBIL), and prothrombin time (PT) 
(Table 7). Of the 58 patients in the CT+ 
CIK group, 48 (82.8%) were diagnosed 
with 1 tumor in the liver, whereas the 
same was diagnosed in 33 (63.5%) of 52 
patients and 35 (59.3%) of 59 patients in 
the TACE+CIK and TACE-alone groups, 
respectively (P = 0.015). The patients 
treated with CIK (TACE+CIK and CT+CIK 
groups) had poorer liver function (high 
probability of Child-Pugh Classification 
Grade B and C) than those in the TACE 
group (P = 0.008 and P = 0.045, respec-
tively). The average TBIL level of patients 
in the TACE group was significantly lower 
than that in the CT+CIK group of patients 
(P = 0.029). Patients in the TACE+CIK 
group had a remarkably longer PT than 
those in the CT+CIK and TACE groups (P = 
0.024 and P = 0.004, respectively).

Survival data suggested that the OS for 
the TACE group was the lowest among 
these 3 groups (log-rank P = 0.013; 
Figure 3A). Two-two comparisons were 
performed to better analyze the survival 
data. As shown in Figure 3B, a significant 
improvement of OS was observed in the 
TACE+CIK group compared with that in 
the TACE group (log-rank P = 0.015). 
Similar OS results were obtained between 
the CT+CIK and TACE groups (log-rank P = 
0.018; Figure 3C). However, patients in 
the TACE+CIK and CT+CIK groups showed 
similar OS times (log-rank P = 0.686; 
Figure 3D). To further analyze the benefi-
cial roles of CIKs in TACE, we integrated 
the TACE+CIK and TACE subgroups as a 
group and then performed multivariate 
Cox proportional hazards analysis of the 
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immune-activating one would be a promising cu- 
rative treatment for HCC [24, 25]. As a treat-
ment with tremendous potential, adoptive cell 
therapy involves several types of lymphocytes, 
including tumor-infiltrating lymphocytes, CIKs, T 
cells, and their genetically modified transforma-
tion. CIKs have been tested in various solid 

might partially explain the difference in the 
improvements of OS among the groups of this 
study. To our surprise, when all CIK-treated 
patients were divided into reaction-positive and 
reaction-negative groups, patients in the reac-
tion-positive group showed a significance of OS 
improvement compared with those in the reac-

Table 5. Baseline characteristics of patients in Surgery with and with-
out CIK groups
Characteristics With CIK Without CIK P-value
Age (yrs) 53.31+11.79 (54) 49.82+11.19 (54) 0.142
Gender 0.854
    Male 41 (91.1%) 45 (90%)
    Female 4 (8.9%) 5 (10%)
Tumor size 53.18+30.15 47.51+29.79 0.360
Vascular invasion 0.058
    Positive 18 (40%) 11 (22%)
    Negative 27 (60%) 39 (78%)
    AFP Levels 105.76+359.29 1069.53+4737.82 0.158
HBV infection 0.716
    Positive 39 (86.7%) 42 (84%)
    Negative 6 (13.3%) 8 (16%)
Liver cirrhosis 0.436
    Positive 30 (66.7%) 37 (74%)
    Negative 15 (33.3%) 13 (26%)
Tumor number 0.716
    > 1 6 (13.3%) 8 (16%)
    1 39 (86.7%) 42 (84%)
TNM stage 0.143
    I+II 23 (51.1%) 33 (66%)
    III+IV 22 (48.9%) 17 (34%)
Child-pugh classification grade 1.000
    A 39 (86.7%) 44 (88%)
    B 6 (13.3%) 6 (12%)
    C 0 (0%) 0 (0%)
ALT 44.69+ 28.14 54.24+41.97 0.192
ALB 41.15+3.62 40.65+4.42 0.548
TBIL 25.05+71.67 19.31+9.99 0.601
PT 14.18+1.87 14.27+1.47 0.807

Table 6. Multivariate Cox proportional-hazards analysis in the patients 
with surgery

Variable
PFS

HR 95% CI P value
Tumor size (< 5 cm vs. ≥ 5 cm) 1.293 0.644-2.594 0.470
Vascular invasion (Negative vs. Positive) 2.009 0.971-4.155 0.060
Child-Pugh Classification Grade (A vs. B and C) 1.205 0.450-3.225 0.711
CIK (With vs. Without) 0.382 0.182-0.802 0.011

tumors and hematologi-
cal neoplasms ever since 
Ingo GH Schmidt-Wolf 
and his colleagues first 
reported the clinical ap- 
plication of these cells 
[26, 27]. The benefits  
of different combinations 
of conventional therapies 
with CIKs were extensive-
ly studied among patients 
with HCC in China. In the 
present study, CIKs pro- 
ved to be an effective 
adjuvant treatment by 
improving the OS for pa- 
tients who had primarily 
undergone TACE or CT for 
HCC, and by improving 
the PFS for those who 
had primarily undergone 
surgery.

We found that the best 
improvement of OS was 
for the patients in the 
Surgery+CIK group, and 
to a lesser extent for 
those in the TACE+CIK 
and CT+CIK groups. Mo- 
reover, the patients treat-
ed with CIKs alone had 
the worst OS among 
these 4 treatment gro- 
ups. However, the base-
line characteristics sho- 
wed that the average 
tumor size in the Surge- 
ry+CIK group was much 
smaller than that in the 
other 3 groups. Besides 
this, only 10 patients 
were included in the 
group treated with CIKs 
alone, and 8 of them 
were at TNM Stage 3 and 
4. The above imbalances 
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tion-negative group. This implied that a reac-
tion to CIK therapy might reflect an advanta-

geous prognosis for these patients, and pro-
vides a potential approach to easily evaluate 

Table 7. Baseline characteristics of patients in CT with CIK, TACE with CIK and TACE groups
Characteristics TACE With CIK CT with CIK TACE without CIK P-value
Age (yrs) 54.38+11.40 54+12.13 57.92+12.12 0.142
Gender 0.663
    Male 48 (92.3%) 54 (93.1%) 57 (96.6%)
    Female 4 (7.7%) 4 (6.9%) 2 (3.4%)
Tumor size 75.83+35.95 72.21+34.72 75.26+28.67 0.894
Vascular invasion 0.124
    Positive 17 (32.7%) 19 (32.8%) 27 (45.8%)
    Negative 35 (67.3%) 39 (67.2%) 32 (54.2%)
AFP Levels 400.78+551.94 1248.35+4790.08 561.41+560.82 0.246
HBV infection 0.700
    Positive 47 (90.4%) 55 (94.8%) 56 (94.9%)
    Negative 4 (7.7%) 2 (5.2%) 3 (5.1%)
Liver cirrhosis 0.324
    Positive 44 (84.6%) 46 (79.3%) 43 (72.9%)
    Negative 8 (15.4%) 12 (20.7%) 16 (27.1%)
Tumor number 0.015
    > 1 19 (36.5%) 10 (17.2%) 24 (40.7%)
    1 33 (63.5%) 48 (82.8%) 35 (59.3%)
Tumor stage 0.763
    I+II 17 (32.7%) 19 (32.8%) 16 (27.1%)
    III+IV 35 (67.3%) 39 (67.2%) 43 (72.9%)
Child-Pugh Classification Grade 0.021*
    A 28 (53.8%) 35 (60.3%) 46 (78%)
    B and C 24 (46.2%) 23 (39.7%) 13 (22%)
ALT 46.88+ 30.53 60.24+43.41 49.98+28.29 0.255
ALB 37.21+4.64 38.24+4.08 38.49+5.36 0.336
TBIL 25.10+18.88 20.97+17.96 18.4+9.69  0.090**
PT 14.85+2.47 14.04+2.01 13.94+1.24  0.033***
*(TACE with CIK VS. TACE without CIK, P = 0.008; CT with CIK VS. TACE without CIK P = 0.045), **(TACE without CIK VS. CT 
with CIK, P = 0.029), ***(TACE with CIK VS. TACE without CIK, P = 0.004; TACE with CIK VS. CT with CIK, P = 0.034).

Figure 1. Comparison of the overall survival of patients in the different treatment subgroups by Kaplan-Meier analy-
sis. A. The overall survival times among the Surgery+CIK, TACE+CIK, CT+CIK, and CIK groups were significantly 
different (P ≤ 0.001). B. The overall survival times among no fever, low-grade fever and high grade fever groups. C. 
Reaction-positive patients had a more favorable overall survival than the reaction-negative ones (P = 0.028).
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Figure 2. Comparison of the overall survival and progression-free survival of 
patients with HCC treated with Surgery with or without CIK by Kaplan-Meier 
analysis. Patients treated with Surgery with and without CIK had similar over-
all survival (A, P = 0.746) and progression-free survival times (B, P = 0.055). 
(C) The patients in the Surgery and Surgery+CIK groups had similar 3-year 
survival times (P = 0.650). (D) The patients treated with CIKs after Surgery 
had a longer 3-year progression-free survival time than those who received 
Surgery only (P = 0.033).

Figure 3. Comparison of the overall survival of patients in the TACE, 
TACE+CIK, and CT+CIK groups by Kaplan-Meier analysis. A. The overall 
survival was significantly different among the TACE, TACE+CIK, and CT+CIK 
groups (P = 0.013). B. Patients in the TACE+CIK group had a better overall 

survival than those in the TACE 
group (P = 0.015). C. Patients in 
the CT+CIK group had a more fa-
vorable overall survival than those 
in the TACE group (P = 0.018). D. 
The patients in the TACE+CIK and 
CT+CIK groups had similar overall 
survival times (P = 0.686).

the efficacy of CIKs for pa- 
tients with HCC. 

As is already known, CIKs 
were found to have an adju-
vant role in cancer therapy, as 
reported by many research 
groups including our team, 
ever since they were used by 
Schmidt-Wolf to treat malig-
nances. However, not all pa- 
tients benefited from CIK ther-
apy. Therefore, there was an 
urgent need to select the 
appropriate patient popula-
tion in order to make cancer 
immunotherapies more pre-
cise. In this present study, the 
OS was significantly improved 
in the reaction-positive pa- 
tients (fever), thus potentially 
providing a convenient meth-
od to assess the therapeutic 
effect of CIKs by surveying the 
fever reaction in patients. Ne- 
vertheless, the difference was 
not significant enough to dis-
tinguish between reaction-
positive and reaction-negative 
effects in the 4 subgroups. 
The reason for this negative 
result could be the limited 
number of patients in the sub-
groups, and thus further stud-
ies with greater case numbers 
remain to be carried out. The 
fever might be a common 
immunoreaction that was in- 
duced by inflammatory cyto-
kines released in the immune 
response [28, 29]. Thus, fur-
ther study on whether the 
fever was caused through an 
inflammatory reaction induced 
by CIKs attacking the tumor 
cells should be performed. 
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Additionally, deeper research regarding the 
quantitative analysis of biological factors, such 
as serum biomarkers, would provide a more 
precise means for individualized treatment.

Furthermore, we compared the OS of patients 
who received surgery, TACE, or CT plus CIK 
treatments with that of patients who received 
these interventions without CIK treatments. 
First, among the surgery-receiving patients, 
both the 3-year and total OS were similar 
between the Surgery+CIK and Surgery groups. 
However, a tendency of improved total PFS and 
a significant improvement of the 3-year PFS 
were observed in the Surgery+CIK group. 
Accordingly, sequential CIK treatments after 
liver resection would retard the progression of 
the tumor and ameliorate the prognosis for 
patients with HCC. In our further analysis, we 
found that the OS of surgery-receiving patients 
was related to many clinical aspects, such as 
the tumor size, vascular invasion, ascites, and 
reaction to CIKs. Our previous studies also sug-
gested that the OS of patients with HCC was 
significantly influenced by subsequent treat-
ments, which made it difficult to improve the 
OS by CIKs [30]. However, the PFS was related 
to vascular invasion and CIKs instead, which 
suggested that CIKs could delay the disease 
progression at a promising level.

Second, among the patients who primarily 
underwent TACE or CT, significant improve-
ments of OS were found in both the TACE+CIK 
and CT+CIK groups compared with the TACE 
group. Because no remarkable differences 
were presented between the TACE+CIK and 
CT+CIK groups thus far, it suggested that TACE-
based comprehensive therapies might not br- 
ing about much more advantages for patients 
who had undergone minimally invasive treat-
ments. Therefore, taking the patient’s quality of 
life into account, TACE+CIK would be a better 
choice than CT+CIK for patients who have 
undergone minimally invasive therapies. As 
shown by the multivariate Cox analysis, CIKs 
was the only independent prognostic factor for 

OS in patients who had undergone TACE (TACE 
and TACE+CIK). This obvious advantage of CIKs 
might be associated with an increase in the 
tumor immunogenicity and the unmasking of 
tumor-specific antigens after transarterial em- 
bolization [31, 32]. However, the exact mecha-
nisms are still unconfirmed to date. 

Our present study had some limitations. First, 
as a retrospective study, the selection bias in 
determining whether the patients could receive 
CIKs or not was hardly avoided. Some clinical 
elements (e.g., tumor cell differentiation) and 
economic considerations during the treatments 
might have facilitated the CIK usage in a cer-
tain subset of patients, which could make them 
intrinsically different from those who did not 
receive the CIKs. Second, although we com-
pared important clinical characteristics bet- 
ween the groups, some measured and other 
unmeasured factors would inevitably affect the 
outcomes of this study to some extent. For 
example, the heterogeneity of the TACE proce-
dure might affect the OS of patients. Last but 
not least, although multiple control patients 
were eligible for the study, the chosen patient 
could be a study confounder despite the com-
parable outcomes observed. Prospective and 
randomized controlled trials are required to 
resolve this problem. To improve the cytotoxici-
ty and clinical efficacy of CIKs, more efforts 
should be made to optimize the various aspects 
of targeted CIK therapy and combination of 
CIKs with antiangiogenic drugs or oncolytic 
viruses [33].

In conclusion, adjuvant CIK therapy is a promis-
ing clinical approach for improving the PFS and 
OS of patients who primarily receive surgery 
and TACE for HCC, respectively. 
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