
CD3+CD8+, CD3+CD56+), alpha-fetoprotein (AFP) level, 
abdominal circumference and adverse events were re-
corded. Time to progression and overall survival (OS) 
were calculated.

RESULTS: From June 2010 to July 2011, 31 patients 
diagnosed with advanced primary HCC received intra-
peritoneal perfusion of CIK cells in combination with 
local RF hyperthermia in our study. Patients received 
an average of 4.2 ± 0.6 treatment courses (range, 1-8 
courses). Patients were followed up for 8.3 ± 0.7 mo 
(range, 2-12 mo). Following combination treatment, 
CD4+, CD3+CD8+ and CD3+CD56+ cells increased from 
35.78% ± 3.51%, 24.61% ± 4.19% and 5.94% ± 
0.87% to 45.83% ± 2.48% (P  = 0.016), 39.67% ± 
3.38% (P  = 0.008) and 10.72% ± 0.67% (P  = 0.001), 
respectively. AFP decreased from 167.67 ± 22.44 to 
99.89 ± 22.05 ng/mL (P  = 0.001) and abdominal cir-
cumference decreased from 97.50 ± 3.45 cm to 87.17 
± 4.40 cm (P  = 0.002). The disease control rate was 
67.7%. The most common adverse events were low fe-
ver and slight abdominal erubescence, which resolved 
without treatment. The median time to progression 
was 6.1 mo. The 3-, 6- and 9-mo and 1-year survival 
rates were 93.5%, 77.4%, 41.9% and 17.4%, respec-
tively. The median OS was 8.5 mo.

CONCLUSION: Intraperitoneal perfusion of CIK cells 
in combination with local RF hyperthermia is safe, can 
efficiently improve immunological status, and may pro-
long survival in HCC patients.

© 2013 Baishideng. All rights reserved.
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Abstract
AIM: To study the effect and tolerance of intraperito-
neal perfusion of cytokine-induced killer (CIK) cells in 
combination with local radio frequency (RF) hyperther-
mia in patients with advanced primary hepatocellular 
carcinoma (HCC).

METHODS: Patients with advanced primary HCC were 
included in this study. CIK cells were perfused intraper-
itoneal twice a week, using 3.2 × 109 to 3.6 × 109 cells 
each session. Local RF hyperthermia was performed 2 
h after intraperitoneal perfusion. Following an interval 
of one month, the next course of treatment was ad-
ministered. Patients received treatment until disease 
progression. Tumor size, immune indices (CD3+, CD4+, 



CIK cells. This treatment can efficiently improve immu-
nological status, and attack small lesions in the abdomi-
nal wall, which can reduce ascites and relieve abdominal 
distention. This comprehensive treatment may prolong 
survival time and improve quality of life in patients with 
advanced hepatocellular carcinoma.

Wang XP, Xu M, Gao HF, Zhao JF, Xu KC. Intraperitoneal per-
fusion of cytokine-induced killer cells with local hyperthermia 
for advanced hepatocellular carcinoma. World J Gastroenterol 
2013; 19(19): 2956-2962  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i19/2956.htm  DOI: http://
dx.doi.org/10.3748/wjg.v19.i19.2956

INTRODUCTION
Primary hepatocellular carcinoma (HCC) is one of  the 
most common malignant tumors worldwide and has a 
poor prognosis. Surgical resection at an early stage is still 
the best remedy[1]. As the onset of  HCC is occult, it is 
typically diagnosed in stage Ⅲ-Ⅳ when patients present 
with clinical symptoms. However, the surgical resection 
rate is only 10%-30%. Currently, there is still no standard 
treatment for advanced HCC, but minimally invasive 
therapy and targeted therapy are favored. Patients with 
HCC may have poor therapeutic outcomes due to mul-
tiple local lesions or excessive tumor load. Consequently, 
integrative therapy is now a useful treatment for patients 
with advanced HCC[2].

Adoptive cellular immunotherapy has been applied in 
the clinical treatment of  advanced HCC due to the close 
relationship between the pathogenesis of  HCC and the 
autoimmune system, and the persistence of  pathogenic 
factors such as hepatitis and cirrhosis[3-5]. Cellular immu-
notherapy includes several types of  immunological cells, 
such as lymphokine-activated killer cells, tumor infiltrat-
ing lymphocytes and cytokine-induced killer (CIK) cells. 
CIK cells have been confirmed to have potential for 
immunotherapy against residual tumor cells. In recent 
years, several authors have reported that CIK cells were 
a heterogeneous population, and the major population 
to express both T cell marker monoclonal antibody and 
natural killer cell marker monoclonal antibody[6]. Cells 
with this phenotype are rare (1%-5%) in natural periph-
eral blood mononuclear cells. CIK cells are able to ex-
pand nearly 1000-fold when cultured in a cytokine cock-
tail, comprising interleukin (IL)-1α, interferon-γ (IFN-γ), 
IL-2 and mAbs against CD3, and have characteristics 
which are more effective in the treatment of  tumors 
with a non-major histocompatibility complex (MHC)-
restricted mechanism[7]. Thus, CIK cells may have some 
benefit in potential immunotherapeutic treatments in 
patients with HCC.

Hyperthermia treatment of  tumors refers to tumor 
tissue which is treated with a continuous direct current 
through two or more electrodes placed outside the tumor. 
Some researchers have suggested that hyperthermia can 
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normalize cell growth, and accelerate cell division after 
inhibiting cell division when it becomes abnormally ac-
celerated[8,9]. Hyperthermia is an alternative treatment for 
HCC patients and has a positive effect on tumors. This 
study aimed to evaluate the safety and efficacy of  the 
combination of  CIK cell therapy and local radio frequen-
cy (RF) hyperthermia in patients with advanced HCC.

MATERIALS AND METHODS
General information
From June 2010 to July 2011, 31 patients with advanced 
HCC in the Oncology Center of  Clifford Hospital were 
included in this study. Seven patients were identified by 
pathological diagnosis and the remaining patients all met 
the clinical diagnostic criteria[10]. Staging of  disease was by 
tumor-node- metastasis staging according to the Ameri-
can Joint Committee on Cancer staging criteria[11]. All 
patients were stage Ⅲ-Ⅳ without metastases outside the 
abdomen. Reasons for being unable to undergo surgery 
and transcatheter arterial chemoembolization (TACE) 
were as follows: multiple tumors with obscure boundaries, 
extremely small remnant liver, lesions close to or involv-
ing great vessels, extreme damage to the cardiovascular 
system or other organs, liver functional lesion and rejec-
tion of  surgery or TACE. Written informed consent was 
obtained before treatment.

Instrument and reagents
The instrument used was the FACS Calibur Flow cytome-
ter (manufactured by BD Biosciences, United States). The 
reagents required for incubation of  CIK cells were as fol-
lows: IL-1α (10 μg/vial, PeproTech Inc., Rocky Hill, NJ, 
United States), monoclonal mouse anti-human CD3 (500 
μg/vial, PeproTech Inc.), IFN-γ (1000000 U/vial, Pepro-
Tech Inc.), IL-2 (PeproTech Inc.), complete Roswell Park 
Memorial Institute (RPMI) 1640 medium (GIBCO, RPMI 
1640 + gentamicin + 5% human type AB serum), lym-
phocyte separation medium (Tianjin Biological Products 
Company, Tianjin, China), human type AB serum (Tianjin 
Biological Products Company) and normal saline.

Preparation of CIK cells
CIK cells were prepared by the Cell Laboratory as fol-
lows: mononuclear cells were isolated from 50 mL periph-
eral blood from each patient using a blood cell separator, 
and then incubated in medium containing 1000 U/mL 
IFN-γ at 37 ℃; 24 h later 100 ng/mL monoclonal mouse 
anti-human CD3, 1000 U/mL IL-2 and 1000 U/mL IL-
lα were added; the culture medium was renewed every 3 d 
and rhIL-2 was replenished. After 7-10 d, CIK cells were 
collected when the cell count reached 3.2 × 109 to 3.6 × 
109, centrifuged, washed with normal saline, dispersed in 
100 mL normal saline (containing 5 mL 20% human se-
rum albumin) and retained as a sample.

Abdominocentesis
Routine abdominocentesis was performed before in-
traperitoneal perfusion of  CIK cells and a tube was left 
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in the abdomen for perfusion. After abdominocentesis, 
100-200 mL physiologic saline was perfused into the 
abdomen and observations on defecation sensation, dis-
comfort, and whether the tube was smooth and in the 
correct position for the preparation of  intraperitoneal 
perfusion of  CIK cells were carried out. Patients with a 
recent history of  surgery or suspicious ankylenteron re-
quired ultrasonic guidance during abdominocentesis.

Local RF hyperthermia
The machine used was an EHY-2000 local RF Hyper-
thermia Machine, made in Hungary. Health education 
and psychological preparation were carried out prior to 
treatment. Patients were evaluated for dysmetabolism and 
disturbed perception of  temperature. Patients were asked 
to lie on the treatment water bed in the correct body 
position according to treatment requirements. An appro-
priate electrode plate size was chosen to cover the body 
surface projection area of  the tumor. Treatment time was 
60 min per session and power was 100-150 W (according 
to the tolerance level of  patients).

Intraperitoneal perfusion of CIK cells in combination 
with local RF hyperthermia
Intraperitoneal perfusion of  CIK cells was performed 
twice a week (Monday and Thursday), with 3.2 × 109 to 3.6 
× 109 cells each session. Local RF hyperthermia was car-
ried out 2 h after intraperitoneal perfusion. In one treat-
ment course consisting of  4 sessions, 1.2 × 1010 to 1.5 × 
1010 cells were perfused. After an interval of  one month, 
the next treatment course was administered, resulting in 
a time period of  1.5 mo for one cycle. Patients received 

treatment until disease progression or intolerant adverse 
effects.

Follow-up
Patients were followed up for 1 year. The treatment pro-
cess, adverse reactions, and lost cases were recorded. A 
computed tomography (CT) or magnetic resonance im-
aging scan of  the liver was performed every 2 mos. The 
size and number of  tumors before and after treatment 
were compared. The therapeutic effect was evaluated 
and recorded. Levels of  peripheral blood T lymphocyte 
subgroups (CD3+, CD4+, CD3+CD8+ and CD3+CD56+), 
abdominal circumference (patients with seroperitoneum) 
and AFP level were determined every 2 wk. Time to pro-
gression (TTP) and overall survival (OS) were calculated. 

Statistical analysis
Results were analyzed using SPSS 17.0 software. The data 
were expressed as mean ± SD. The survival curves were 
calculated using the Kaplan-Meier method. P < 0.05 was 
considered statistically significant.

RESULTS
Patient profile
From June 2010 to July 2011, a total of  31 patients aged 
28-61 years (mean 47.6 ± 8.8 years) were included in this 
study. The characteristics of  the patients are shown in 
Table 1.

Efficacy evaluation
According to the Response Evaluation Criteria In Solid 
Tumors, none (0%) of  the patients had a complete re-
sponse, 10 (32.25%) patients had a partial response (PR), 
11 (35.48%) patients had no change (SD), and 10 (32.25%) 
patients had progressive disease. After treatment, AFP 
level decreased from 167.67 ± 22.44 to 99.89 ± 22.05 
ng/mL (P = 0.001) and seroperitoneum in 14 patients 
significantly decreased, with abdominal circumference de-
creasing from 97.50 ± 3.45 to 87.17 ± 4.40 cm (P = 0.002).

Changes in cell immunity indices
The immunologic markers examined included the serum 
levels of  CD3+, CD4+, CD3+CD8+ and CD3+CD56+ T 
cells. After CIK cells were transfused back into the pa-
tients, all of  these immune parameters increased, but not 
all of  them increased significantly (Table 2).

Adverse events 
No serious adverse events were observed in this study. 
Several mild adverse events were observed, which rapidly 
resolved without treatment (Table 3).

TTP and OS
TTP and OS were assessed in all 31 eligible patients. The 
median follow-up was 8.3 ± 0.7 mo (range, 2-12 mo). At 
the time of  the analysis, 25 patients were dead and 6 pa-
tients were alive. The median TTP was 6.1 mo (95%CI: 

Table 1  Clinical characteristics of the patients included in this 
study (n  = 31)

Characteristics n  (%)

Patient
Gender (M/F) 22/9
Age, yr (range) 47.6 ± 8.8 (28-61)
Stage status
   Ⅲ             18 (58.06)
   Ⅳ             13 (41.93)
Complications
   Seroperitoneum             14 (45.16)
   Hypoproteinemia             17 (54.83)
   Choloplania               8 (25.80)
ECOG performance status
   0             3 (9.67)
   1             18 (58.06)
   2             10 (32.25)
Past history before treatment
   Surgery               4 (12.90)
   TACE               7 (22.58)
   Chemotherapy             1 (3.22)
   Surgery + TACE               8 (25.80)
   Surgery + chemotherapy             2 (6.45)
   TACE + chemotherapy             3 (9.67)
   Initial treatment               6 (19.35)

M: Male; F: Female; ECOG: Eastern Cooperative Oncology Group; TACE: 
Transcatheter arterial chemoembolization.
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4.8-7.2). The 3-, 6- and 9-mo and 1-year survival rates 
were 93.5%, 77.4%, 41.9% and 17.4%, respectively. The 
median OS was 8.5 mo (Figure 1).

Typical case 1
A 57-year-old male was diagnosed with primary HCC 
by CT-guided aspiration biopsy of  the liver in July 2010. 
Diffuse lesions in the liver with portal vein encroach-
ment were observed on the CT scan. The patient also had 
complications of  abdominal distention, debilitation, lack 
of  appetite and emaciation. Eastern Cooperative Oncol-
ogy Group (ECOG) was 2. AFP level was 201 ng/mL, 
alanine aminotransferase (ALT) 70 U/L, and aspartate 
aminotransferase (AST) 120 U/L. T lymphocyte sub-
groups were CD3+ 76%, CD4+ 22%, CD3+CD8+ 17%, and 
CD3+CD56+ 5.6%, respectively. The patient received 3 
cycles of  intraperitoneal CIK cells in combination with lo-
cal RF hyperthermia. The patient achieved a PR. AFP fell 
to 98 ng/mL and ECOG increased to 1. ALT and AST 
fell to normal levels. T lymphocyte subgroups were CD3+ 
77%, CD4+ 34%, CD3+CD8+ 27% and CD3+CD56+ 9.1%, 
respectively (Figure 2A and B).

Typical case 2
A 51-year-old male was admitted to hospital due to ab-
dominal distention and pain. The patient was diagnosed 
with primary hepatic carcinoma in December 2012, and 
underwent surgery in a local hospital with postopera-
tive Sorafenib therapy. The patient had been experienc-
ing obvious abdominal distention with abdominal pain, 
poor appetite, nausea, and emesis for 1 mo. Enhanced 
CT scanning showed multiple metastases in the liver, 
metastases in the portal lymph nodes and significant 
seroperitoneum. Due to the advanced stage of  hepatic 
carcinoma, further surgical treatment and interventional 
therapies were inappropriate. Considering the failure 

of  targeted drug treatment, intraperitoneal perfusion 
of  CIK cells in combination with local RF hyperther-
mia was administered to the patient. Before treatment, 
abdominal circumference was 97.5 cm. Ultrasound ex-
amination showed that the deepest portion of  seroperi-
toneum was 8.16 cm. After 1 cycle of  treatment with in-
traperitoneal perfusion of  CIK cells in combination with 
local RF hyperthermia, the patient noted that abdominal 
distension was significantly reduced, with a decrease in 
abdominal circumference to 93.0 cm and seroperitone-
um decreased to 5.03 cm under ultrasound examination 
(Figure 2C and D).

DISCUSSION
Recently, targeted therapy and palliative chemotherapy 
have been the main treatment approaches for patients with 
advanced HCC. New targeted drugs such as sorafenib and 
sunitinib have improved clinical efficacy. However, the 
serious side effects and high costs of  these drugs make 
it impossible for many patients to complete the entire 
treatment course[12,13]. Thus, it is necessary to investigate 
alternative therapies for patients with advanced HCC.

Tumor killing ability of CIK cells
The special biological behavior of  primary HCC, such as 
multiple lesions, existing hepatitis and cirrhosis, continu-
ously suppresses cellular immunity and results in immune 
dysfunction. Autoimmune disorders in patients with HCC 
is manifested by lower levels of  CD4+ and CD3+CD56+ 
cells and significantly higher levels of  CD8+ cells[14,15]. 
The ability to efficiently kill tumor cells is the ultimate 
requirement in immune effector candidates for adoptive 
immunotherapy. CIK cells have a MHC-independent 
tumor killing capacity in both solid and hematologic 
malignancies. The antitumor activity is mainly associated 
with a high percentage of  the CD3+CD56+ subset[16,17]. 
The exact mechanism involved in tumor recognition and 
killing is not completely known, but mainly involves the 
secretion of  a cytokine to inhibit the growth of  tumor 
cells[18-20]. 

It has been demonstrated that CIK cells are effective 
against some solid malignancies including lung, gastro-

Table 2  Immunity indices before and after treatment

Group Pre-treatment Post-treatment P  value

CD3+ 70.44% ± 6.68% 72.67% ± 6.22% 0.55
CD4+ 35.78% ± 3.51% 45.83% ± 2.48%    0.016
CD3+CD8+ 24.61% ± 4.19% 39.67% ± 3.38%    0.008
CD3+CD56+ 5.94% ± 0.87% 10.72% ± 0.67%    0.001

Table 3  Treatment-related adverse events (n  = 31)

Side effects n  (%)

Abdominal side effects
Abdominal pain 3 (9.67)
Abdominal erubescence   5 (16.12)
Abdominal lesser tubercle  1 (3.22)
Systemic side effects
Slight fever   4 (12.90)
Dizziness 3 (9.67)
Debilitation   6 (19.35)
Nausea or vomiting 1 (3.22)
Diarrhea 2 (6.44)
Tachycardia 1 (3.22)
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Figure 1  Time to progression and overall survival after treatment.
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intestinal and mesenchymal tumors both in vitro and in 
vivo[21,22]. Olioso et al[23] reported 12 patients (6 advanced 
lymphomas, 5 metastatic kidney carcinomas and 1 HCC) 
who were intravenously transfused with 28 × 109 (range, 
6 × 109 to 61 × 109) CIK cells per patient during one cy-
cle. The treatment schedule consisted of  three cycles of  
CIK cell infusions at an interval of  3 wk. After treatment, 
the absolute median number of  lymphocytes, CD3+, 
CD8+ and CD3+CD56+ cells significantly increased in 
peripheral blood. In our study, CD4+, CD3+CD8+ and 
CD3+CD56+ cells increased after treatment from 35.78% 
± 3.51%, 24.61% ± 4.19% and 5.94% ± 0.87% to 
45.83% ± 2.48% (P = 0.016), 39.67% ± 3.38% (P = 0.008) 
and 10.72% ± 0.67% (P = 0.001), respectively. Our re-
sults were similar to those of  Olioso et al[23]. 

Intraperitoneal perfusion with local hyperthermia
The most common causes of  death in patients with ad
vanced HCC are liver failure, ascites and obstruction. 
Control of  the abdominal tumor is the principal goal of  
treatment, which can prolong survival and improve qual-
ity of  life. Recently, intravenous infusion of  CIK cells has 
been widely used in the treatment of  HCC. However, the 
concentration of  CIK cells is low in tumor tissues fol-
lowing intravenous infusion, and the anti-tumor effect is 
low. In this study, in order to achieve a high concentration 
of  CIK cells in the abdomen, CIK cells were perfused 
intraperitoneally instead of  intravenously. Intraperitoneal 
perfusion of  CIK cells in combination with local RF 
hyperthermia can improve efficacy in clinical practice. 
The primary reason for this may be that hyperthermia 

accelerates the conjugation of  CIK cells and tumor cells, 
which improves the reaction rate of  CIK cells. Local RF 
hyperthermia after high-capacity perfusion of  CIK cells 
improves the sensitivity of  tumor cells, allowing CIK 
cells to permeate into tumor cells more effectively. 

Local RF hyperthermia kills tumor cells by heating us-
ing physical energy and the temperature of  tumor tissue 
rises to an effective treatment temperature. Studies have 
shown that high temperature can damage the membranes 
of  mitochondria, lysosomes and endoplasmic reticulum 
and triggers the massive release of  acid hydrolase from 
lysosomes, resulting in membranolysis, outflow of  cyto-
plasm and death of  cancer cells[24,25]. In addition, some 
studies have reported that hyperthermia improves im-
mune function by stimulating the development of  the 
anti-tumor immune effect and resolving the inhibition 
of  blocking factors in the immune system[26]. The core 
points behind this treatment were to administer intraperi-
toneal perfusion of  CIK cells to improve immune func-
tion to kill the tumor, and local hyperthermia to enhance 
the concentration of  CIK cells which directly affect liver 
tumor tissues and small lesions on the abdominal wall, 
which can damage cancer cells and effectively reduce ab-
dominal dropsy. Local hyperthermia plays an important 
role in enhancing the concentration of  CIK cells which 
directly affect these parameters. 

Adverse events
The most common adverse events in our study were low 
fever and slight abdominal erubescence, which resolved 
without treatment. No serious side effects were observed. 

Figure 2  Computed tomography scan. A: Typical case 1 with hepatocellular carcinoma before treatment; B: Typical case 1 with hepatocellular carcinoma after 
treatment; C: Typical case 2 with hepatocellular carcinoma before treatment; D: Typical case 2 with hepatocellular carcinoma after treatment.
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During the treatment process, 4 patients experienced low 
fever ranging from 37.5-38 ℃, which resolved without 
treatment. This fever might have been caused by the ap-
plication of  IL-2. Some other symptoms, including eru-
bescence and lesser tubercle of  abdominal subcutaneous 
fat, were observed, which were caused by high tempera-
ture and were relieved by simple symptomatic treatment. 
Intraperitoneal perfusion of  autologous CIK cells can 
avoid immune rejection triggered by foreign cell infusion.  

In conclusion, intraperitoneal perfusion of  CIK cells 
in combination with local RF hyperthermia is safe and ef-
fective for advanced HCC. More clinical trials with a large 
sample size are warranted to provide evidence for further 
applications. The addition of  palliative chemotherapy or 
targeted therapy is worthy of  further investigation.
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