
notherapy (32 mo) or cryotherapy (17.5 mo; P  < 0.05) 
than in the untreated group (3 mo) and was higher in 
the cryo-immunotherapy group than in the cryotherapy 
group (P  < 0.05). In the cryo-immunotherapy group, 
median OS was higher after multiple treatments (36.5 
mo) than after a single treatment (21 mo; P  < 0.05).

CONCLUSION: Cryotherapy and, especially, cryo-
immunotherapy significantly increased OS in metastatic 
hepatocellular cancer patients. Multiple cryo-immuno-
therapy was associated with a better prognosis than 
single cryo-immunotherapy.

© 2013 Baishideng. All rights reserved.
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Core tip: Fourty-five patients of metastatic hepatocellu-
lar cancer were divided into cryo-immunotherapy, cryo-
therapy, immunotherapy and untreated groups. Median 
overall survival (OS) was higher following cryo-immuno-
therapy (32 mo) or cryotherapy (17.5 mo) than in the 
untreated group (3 mo); In the cryo-immunotherapy 
group, median OS was higher after multiple treatments 
(36.5 mo) than after a single treatment (21 mo). In a 
word, cryotherapy and, especially, cryo-immunotherapy 
significantly increased OS in metastatic hepatocellu-
lar cancer patients. Multiple cryo-immunotherapy was 
associated with a better prognosis than single cryo-
immunotherapy.
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Abstract
AIM: To retrospectively assess the effect of compre-
hensive cryosurgery (ablation of intra- and extrahepatic 
tumors) plus dendritic cell-cytokine-induced killer cell 
immunotherapy in metastatic hepatocellular cancer.

METHODS: We divided 45 patients into cryo-immuno-
therapy (21 patients), cryotherapy (n  = 12), immuno-
therapy (n  = 5) and untreated (n  = 7) groups. Overall 
survival (OS) after diagnosis of metastatic hepatocellu-
lar cancer was assessed after an 8-year follow-up.

RESULTS: Median OS was higher following cryo-immu-
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INTRODUCTION
Hepatocellular carcinoma (HCC), which is the fifth most 
common cancer worldwide, is usually discovered late and 
has a poor prognosis[1]. In about 80% of  patients, HCC 
is associated with chronic liver disease (i.e., hepatitis and 
cirrhosis), with major implications for the prognosis and 
therapeutic options[2]. Many patients are unsuitable for 
tumor resection because of  factors such as poor hepatic 
reserve (cirrhosis), multicentric tumors or extrahepatic 
disease[3,4]. Until recently, no systemic chemotherapy has 
significantly increased survival in patients with advanced 
HCC[5,6]. External beam radiation has had a limited role 
in the treatment of  HCC because of  radiation toxicity 
to the adjacent normal liver[7,8]. Percutaneous ablation is 
currently considered the best therapeutic modality for 
patients with early stage HCC who are not candidates 
for surgery; it principally involves percutaneous ethanol 
injection, radiofrequency ablation, microwave ablation, 
laser ablation or cryoablation[9].

Because cryoablation forms an ice ball that can be 
visualized by many imaging methods, it has been an at-
tractive option for reasons of  safety. Technically, cryo-
ablation of  tumors in multiple organs (i.e., liver, lung, 
kidney, breast, pancreas and prostate) has been proved 
to be safe and effective[10]. A long term study of  medium 
to large tumors (more than 5 cm in diameter) treated 
with cryoablation and/or transarterial chemoembolization 
(TACE) showed a 5 year survival rate of  23% and local 
progression rate of  24%[11,12]. To our knowledge, there are 
currently no reports on the long term effects of  simulta-
neous cryoablation of  intra- and extrahepatic tumors in 
metastatic HCC patients.

Another potential advantage of  the in situ freezing of  
malignant disease is the cryo-immunologic response[13], 
which is an antitumor immune response triggered by 
the natural absorption of  malignant tissue[14]. Immuno-
therapy mediated by autologous dendritic cells (DCs) is 
a promising treatment option for long lasting control of  
unresectable HCC[15-17]. Increased knowledge regarding 
vaccination with DCs co-cultured with cytokine-induced 
killer (CIK) cells has led to improved clinical treatment 
strategies[18]. Whether slow release of  tumor antigen after 
cryoablation can improve the effect of  immunotherapy 
remains unknown.

Here, we retrospectively compared the effects of  com-
prehensive cryosurgery (simultaneous cryoablation of  
intra- and extrahepatic tumors and of  liver tumors of  
diameter greater than 5 cm, with TACE performed once 
or twice before cryoablation to reduce the tumor to 5 cm) 
and/or DC-CIK immunotherapy in patients with un-
treated metastatic HCC. To measure the survival time of  
patients with metastatic cancer, overall survival (OS) after 
diagnosis of  metastatic disease was the main evaluation 
index.

MATERIALS AND METHODS
Patient selection
Between January, 2004 and October, 2011, 45 HCC pa-

tients with metastatic HCC met our inclusion criteria and 
were enrolled in this study. Surgery and chemotherapy 
were deemed unsuitable in any of  the following situ-
ations: multifocal disease, unresectable HCC, patient 
refused to undergo surgery and chemotherapy or was 
seeking further treatment after failure of  chemotherapy, 
severe complications (i.e., hypertension and ascites) and 
advanced age. Ideal patients for comprehensive cryoabla-
tion are those with: Karnofsky performance status (KPS) 
score ≥ 70; platelet count ≥ 80 × 109/L; white blood 
cell count ≥ 3 × 109/L; neutrophil count ≥ 2 × 109/L; 
hemoglobin ≥ 90 g/L; prothrombin time international 
normalized ratio ≥ 1.5; hepatic tumor not obviously 
invading the gallbladder, diaphragm or large vessels; 
absence of  level 3 hypertension, severe coronary dis-
ease, myelosuppression, respiratory disease and acute or 
chronic infection; and adequate hepatic function (bilirubin 
< 30 μmol/L, aminotransferase < 60 U/L and Child-
Pugh score A or B) and renal function (serum creatinine 
< 130 μmol/L, serum urea < 10 mmol/L).

The diagnosis of  HCC was confirmed by liver pathol-
ogy in 41 patients; in the remaining cases, HCC was diag-
nosed by classical imaging methods, including computed 
tomography (CT) or magnetic resonance imaging, or by 
biochemical markers such as increased alpha-fetoprotein. 
Twenty-four patients had only one mass in the liver, of  
3.8-15 cm in diameter with an average of  6.5 cm. Twen-
ty-one patients had two to four masses of  4.5-13 cm in 
diameter. There were a total of  71 masses in 45 patients. 
All except two cases had cirrhosis. Using the Child-Pugh 
score to assess the severity of  cirrhosis, 25 patients were 
class A and 18 were class B. All patients received their 
final treatment in our hospital within an 8 year follow-up 
period.

TACE
The preferred treatment for 25 patients with a hepatic 
tumor of  long diameter ≥ 5 cm was TACE[19,20], which 
was performed after cross-sectional imaging as previously 
described[21]. A French vascular sheath was placed into 
the femoral artery and a 0.035 inch diameter Mickaelson 
catheter was advanced into the celiac and superior mes-
enteric arteries. Contrast was injected into the arteries 
during rapid-sequence radiographic imaging. Arterial 
branches supplying the tumor were then located and the 
venous phase was examined carefully for patency of  the 
portal veins. A 0.018 inch diameter Tracker catheter was 
advanced through the Mickaelson catheter to the arterial 
branches supplying the tumor. A mixture of  doxorubicin 
(50 mg), mitomycin (10 mg) and lipiodol (4-15 mL) was 
injected into the arterial branches until hemostasis was 
achieved. If  the tumor showed no shrinkage 2 wk after 
the procedure, a second TACE was performed.

Cryoablation procedure
Comprehensive cryosurgery was performed on 33 pa-
tients, with complete cryoablation of  obvious intra- and 
extrahepatic masses. Each procedure comprised two 
freeze/thaw cycles accomplished using an argon gas-
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based cryosurgical unit (Endocare, Irvine, CA, United 
States). Cryoprobes (3, 5 or 8 mm) were inserted into the 
center of  the tumor mass under ultrasonographic guid-
ance and two freeze/thaw cycles were performed, each 
reaching a temperature of  -180 ℃ at the tip of  the probe. 
The duration of  freezing was dependent on the achieve-
ment of  an ice ball, visible as a hypoechoic region on ul-
trasonography. Generally, the maximal freezing time was 
15 min, followed by thawing for 5 min; this cycle was then 
repeated. A margin of  at least 1 cm of  normal hepatic 
tissue was frozen circumferentially around the tumor. 
For masses larger than 5 cm in diameter, two or three 
cryoprobes were placed within the center and periphery 
of  the tumor, to ensure freezing of  the entire mass. The 
tracts formed were sealed with fibrin glue immediately 
after removal of  the cryoprobes to ensure hemostasis.

Immunotherapy
Twenty-six patients opted for immunotherapy (adoptive 
transfer of  DC-CIK cells performed four times). DC-
CIK cells were generated according to previously pub-
lished protocols[22,23]; 70 mL peripheral blood was drawn 
before cryosurgery and the treatment was given 3-5 d 
after cryosurgery. Using Ficoll-Hypaque density centrifu-
gation, we harvested peripheral blood mononuclear cells 
(PBMCs) from peripheral blood samples (80 mL) col-
lected from the 48 patients 2 d before cryosurgery.

For DC culture, PBMCs were resuspended in DC 
medium [X-VIVO 15 (Lonza, Basel, Switzerland), 25 
ng/mL interleukin (IL)-4 (Peprotech, Rocky Hill, NJ, 
United States) and 30 ng/mL granulocyte macrophage 
colony stimulating factor (GM-CSF; Peprotech)], at a 
concentration of  1 × 106 to 2 × 106/mL. The cells were 
then allowed to adhere in two plastic flasks (T75; Corning 
Costa, Cambridge, MA, United States), each containing 
50 mL DC medium and approximately 108 cells. After 
overnight culture at 37 ℃ with 5% CO2, the suspended 
cells were transferred to two fresh flasks. The cells stick-
ing to the initial two flasks were continuously cultured in 
DC medium and a small amount of  fresh medium was 
added daily to the cultures.

For culture of  CIK cells, PBMCs were suspended in 
CIK medium [X-VIVO 15 (Lonza), 1000 U/mL IL-2 
(Peprotech), 2.5 μg/mL monoclonal antibody to CD3 
(OKT-3; Jansen-Kyowa, Tokyo, Japan), 25 μg/mL phy-
tohemagglutinin (Peprotech) and 1000 U/mL interferon 
gamma (Peprotech)]. The CIK cells were allowed to 
grow and then continuously passaged. At approximately 
7 d of  culture, the CIK cells were passaged to fourteen 
T225 flasks. Cells adhering to the flasks were removed 
with a cell spatula, centrifuged and resuspended in DC-
CIK medium [X-VIVO 15 (Lonza), 400 U/mL IL-2 and 
0.5 μg/mL monoclonal antibody to CD3]. All DCs were 
distributed evenly in the 14 T225 flasks containing CIK 
cells (approximately 108 DCs per flask). After co-culture 
for 24-48 h, almost 1 wk after cryosurgery, the DC-CIKs 
were harvested and suspended in 100 mL saline for intra-
venous injection (cells were collected on four consecutive 
days; 6 × 109 to 10 × 109 cells were collected on each 

day). The final cell products were assessed for viability 
by the dye-exclusion test and checked twice for possible 
contamination by bacteria, fungi and endotoxins. All cell 
preparation processes were performed by the same tech-
nician and assessed by another technician.

Seven patients refused to undergo cryo- or immu-
notherapy owing to its cost or their health or age. These 
patients received no treatment and left the hospital.

Ethics
The study protocol received ethical approval from the 
Regional Ethics Committee of  Guangzhou Fuda Cancer 
Hospital and conformed to the provisions of  the World 
Medical Association’s Declaration of  Helsinki in 1995 (as 
revised in Tokyo in 2004). Written informed consent was 
obtained from each participant.

Statistical analysis
Complications were recorded and classified in accor-
dance with the Common Terminology Criteria of  Ad-
verse Events v4.0. Local tumor control and OS were also 
evaluated. Radiographic local tumor control was assessed 
using image-guided tumor ablation criteria[24]. Thoracic 
and/or abdominal ultrasonography was performed both 
1 d and 1 wk after the minimally invasive treatment of  
primary and metastatic tumors. Follow-up dynamic CT 
was performed at 1 mo and then at 3-4 mo intervals. The 
revised Response Evaluation Criteria in Solid Tumors 
v1.1 were used to assess the response of  the thoracic 
and abdominal tumors[25]. Three diagnostic radiologists 
reviewed CT scans for every case to determine whether 
progression or recurrence had occurred. Diagnoses were 
made independently, although the radiologists discussed 
cases over which they disagreed. Using the Dunnett test, 
we compared the OS of  patients who had received cryo- 
and/or immunotherapy with that of  untreated patients. 
The Kaplan-Meier test with log-rank analysis was used 
for comparison of  OS between two groups. Significant 
differences were indicated by P < 0.05, P < 0.01 or P < 
0.001. All analyses were conducted using GraphPad soft-
ware (San Diego, CA, United States).

RESULTS
Clinical data
Twenty-eight men and five women underwent compre-
hensive cryoablation and/or TACE. Their ages ranged 
from 29 to 79 years, with a mean age of  53 years. Twenty-
eight patients had histories of  hepatitis B infection and 
two had hepatitis C infection. Fifteen patients were from 
China and 18 were from Southeast Asia. Of  these pa-
tients, 18 had initially been treated with surgery and 13 
with systemic chemotherapy in other centers; a total of  
22 patients came to our hospital for further treatment 
1-7 mo after metastases were found and 11 patients came 
to our hospital for first treatment. Bone metastases (17 
lesions) were found in 11 patients, lung metastases (21 le-
sions) in 15 and multiple organ metastases (18 lesions) in 
seven. Moderate/severe abdominal pain, evaluated as 5-10 
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on a visual analog scale (VAS) (17 patients), and mild/
moderate ascites (15 patients) were common complaints. 
For metastasis or recurrence of  HCC after treatment, 
16 patients received multiple treatments (10 in the cryo-
immunotherapy group and 6 in the cryotherapy group); 
17 patients refused to continue treatment (11 in the cryo-
immunotherapy group and 6 in the cryotherapy group).

The untreated group (those who refused cryoablation, 
TACE and immunotherapy for reasons of  treatment 
concept, age or economic ability) comprised 12 patients 
(47-77 years of  age, median age 63 years; 8 male, 4 fe-
male). All of  these patients had histories of  hepatitis B 
or C infection. Five patients were from China and seven 
were from Southeast Asia. Of  these patients, eight had 
initially been treated with surgery or systemic chemo-
therapy in other centers; a total of  seven patients came to 
our hospital for further treatment 1-6 mo after metasta-
ses were found and five patients came to our hospital for 
first treatment. Bone metastases (5 lesions) were found 
in three patients, lung metastases (12 lesions) in seven 
and multiple organ metastases (6 lesions) in two. These 
patients had complaints similar to those of  the compre-
hensive treatment group.

Perioperative outcomes
Percutaneous cryoablation of  primary and metastatic 
HCC was successful in every case. No severe compli-
cations, such as liver cracking and failure or acute re-
nal failure with myoglobinuria, were discovered post-
cryoablation. After the first comprehensive cryosurgery 
in 33 patients, many slight side effects of  cryoablation 
were observed but recovered with or without symptom-
atic treatment. Slightly hepatorrhagia was found in six 
patients (18%) but all healed within 5 d, after injection 
of  a hemostatic agent. Liver capsular cracking was found 
in one patient (3%) who recovered after blood transfu-
sion. Transient thrombocytopenia occurred in seven pa-
tients (21%) within 1 wk after cryoablation; two received 

platelet transfusions. Two patients (6%) had tumor in the 
right lobe and developed asymptomatic right-sided pleu-
ral effusions close to the dome of  the diaphragm; these 
disappeared spontaneously within 2-3 wk. Two patients 
(6%) developed liver abscess at the previous cryoablation 
site 2 and 4 d respectively following cryoablation, but re-
covered after antibiotic and drainage treatment. Four pa-
tients were found to have slight fever (body temperature 
less than 39 ℃). No obvious side effects associated with 
TACE were found during the perioperative stage. In the 
first 2 wk after comprehensive cryosurgery, the VAS pain 
score decreased to 0-3 in 13 patients (76%) who had suf-
fered pretreatment abdominal pain, with consumption of  
analgesics decreased by 50% and KPS score increased by 
≥ 20.

Influence of treatment method and frequency on OS
In our therapeutic protocol, large hepatic tumors (long 
diameter ≥ 5 cm) were treated by TACE first and con-
siderably reduced in size before cryoablation. Whether 
patient life span is significantly affected by liver tumor 
size and additional TACE treatment remains to be deter-
mined. Of  the 33 patients who received comprehensive 
cryosurgery, the median OS of  those who underwent 
TACE first was 29 mo; those who received cryoablation 
directly had a median OS of  26 mo. There was no dif-
ference in the OS of  these two groups according to the 
log-rank test (P = 0.798, Kaplan-Meier test with log-rank 
analysis; Figure 1A). Thus, a large hepatic tumor success-
fully shrunk by TACE can be treated as a small tumor, 
with no difference in the results of  cryoablation.

To the date of  the last follow-up, the median OS of  
all patients was 18 mo (25% percentile, 6 mo; 75% per-
centile, 33.5 mo). Median OS in the cryo-immunotherapy, 
cryotherapy, immunotherapy and untreated groups was 
32, 17.5, 4 and 3 mo, respectively. OS was significantly 
higher in the cryo-immunotherapy (P < 0.001) and cryo-
therapy (P < 0.05) groups than in the untreated group (by 
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the Dunnett test, with the untreated group as the control 
group; Figure 1B).

Comparing the two groups in which there were obvi-
ous therapeutic effects, OS was higher in the cryo-immu-
notherapy group than in the cryotherapy group (P = 0.024, 
Kaplan-Meier test with log-rank analysis; Figure 2).

Repeated cryo- and immunotherapy for tumor pro-
gression and/or recurrence was performed in 10 patients 
in the cryo-immunotherapy group (twice in five patients, 
thrice in four patients and four times in one patient) and 
6 patients in the cryotherapy group (twice in four patients 
and thrice in two patients); the remaining patients refused 
repeat treatments. Due to the shorter survival time, all 
patients in the immunotherapy group received one treat-
ment. In the cryo-immunotherapy group, the median OS 
of  the patients who underwent repeated treatment (36.5 
mo) was higher than that of  those who underwent a sin-
gle treatment (21 mo; P = 0.039, Kaplan-Meier test with 
log-rank analysis; Figure 3A). In the cryotherapy group, 
the median OS after repeated treatment was 21.5 mo, 
whereas that after a single treatment was 14 mo (P = 0.035, 
Kaplan-Meier test with log-rank analysis; Figure 3B).

DISCUSSION
In this study, we retrospectively reviewed our hospital’s  
database to evaluate the survival time of  patients with 
metastatic HCC. These patients had received various 
therapies in different medical centers before the metas-
tases were found, and our treatment program directly 
determined their survival time in the metastatic stage. 
Increasing numbers of  patients are undergoing cryoab-
lation of  their primary tumor and metastases, termed 
comprehensive cryoablation. With skilled operators 
and strict patient selection, this combined technology 
can be effective in preventing the occurrence of  severe 
complications (i.e., liver cracking and failure, acute renal 
failure with myoglobinuria), reducing the probability of  
side effects (i.e., hepatorrhagia, liver capsular cracking, 
thrombocytopenia and liver abscess) and provide guar-

antee for the success of  cryotherapy. Theoretically, most 
of  the side effects can be further reduced, with the ex-
ception of  thrombocytopenia. Development of  systemic 
thrombocytopenia after cryosurgery is associated with 
excessive platelet trapping and destruction within the 
cryolesion[26]. This symptom is difficult to avoid simply 
through improved care, but can heal spontaneously or 
with platelet supplements.

It is increasingly clear that immunotherapy can be 
useful in cancer therapy, but there are also obstacles that 
need to be overcome. Due to their organ-like structural 
environment, these tumors are able to escape immune 
surveillance[27], and immunotherapy for HCC must there-
fore be combined with additional therapy to disrupt this 
structure. Adoptive transfer of  CIK cells along with DCs 
has been shown to be efficacious when the tumor burden 
is relatively low or when used as an adjuvant therapy rath-
er than as a treatment for bulky tumors[18], indicating the 
importance of  cytoreductive cryoablation before immu-
notherapy. DCs have been the subject of  much research 
in the last decade and are widely used in immunotherapy 
protocols. These bone marrow-derived cells have been 
identified as the most potent immune-stimulatory cells 
known and are specialized for the initiation and shaping 
of  immune responses. Activated DCs after cryoablation 
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are potent stimulators of  both CD4+ and CD8+ T cells, 
as supported by evidence from experimental[28] and hu-
man[29,30] studies. DCs are often pulsed with synthetic 
peptides derived from known tumor antigens[31], tumor 
cell lysates[32], apoptotic tumor cells[33] or RNA derived 
from tumor antigens[34] and transfected with whole tumor 
cell DNA[35] or RNA[36]. Moreover, DCs have been fused 
with tumor cells to induce antigen-specific, polyclonal 
cytotoxic T lymphocyte responses[37].

On account of  continued antigen release after cryo-
ablation[14], in vitro activation of  DCs was omitted and 
the DCs were stimulated in vivo in the present study. We 
found that combined cryo- and immunotherapy extended 
the median OS of  metastatic HCC patients from 3 to 32 
mo (Figure 1B). Desirable results were achieved, and OS 
was longer in the cryo-immunotherapy group than in the 
cryotherapy group, demonstrating the synergistic effect 
of  these two therapies (Figure 2). Owing to procedural 
costs, age or health, some of  our patients underwent 
cryo-immunotherapy only once. We found that, com-
pared with a single treatment, multiple cytoreductive 
cryoablation combined with immunotherapy was thera-
peutically valuable (Figure 3A) and prolonged survival 
time. Continued cryotherapy delayed disease progression, 
maintained function of  multiple organs and improved 
quality of  life and KPS scores, thereby achieving a better 
effect than single cryotherapy (Figure 3B).

In studies of  the sequential use of  TACE and percu-
taneous cryosurgery for unresectable HCC, pre-cryosurgi-
cal TACE was shown to increase the efficacy of  cryoabla-
tion and decrease its adverse effects in patients with large 
HCCs (> 5 cm in diameter)[19]. It is well known that the 
presence of  large HCCs often predicts rapid loss of  liver 
function and a poor prognosis, and reducing their size 
before treatment is more effective than direct treatment 
of  a large tumor. Data are available from two studies on 
the possible effect of  TACE on immune stimulation[38,39], 
which may further increase the therapeutic effect of  
combination therapy. Depending on whether single or 
multiple TACE is performed, a large HCC can first be 
reduced to 5 cm in diameter and then completely ablated 
by the combined application of  multiple cryoprobes[19]. 
Consistent with the 2009 report of  Shibata et al[40], treat-
ment of  larger tumors with sequential TACE and cryoab-
lation can achieve significantly better effects than TACE 
or cryoablation alone. The findings of  these authors and 
our own results indicate that not the frequency of  TACE 
but the shrinkage of  large HCCs contributed to the in-
crease in median OS of  about 30 mo, and differences due 
to HCC diameter can be eliminated by additional TACE 
procedures (median OS was 29 and 26 mo, respectively;  
P = 0.798; Figure 1A).

In conclusion, we combined a minimally invasive pro-
cedure (percutaneous cryoablation of  primary and meta-
static tumors) with a common immunotherapy method 
(DC-CIK) to treat metastatic HCC. This new strategy ex-
tended the median OS from 3 to 32 mo. Better outcomes 
are expected as more patients undergo cryo-immunother-
apy.
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