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Abstract
AIM: To evaluate the efficacy of sequential use of tran-
sarterial chemoembolization (TACE) and percutaneous 
cryosurgery for unresectable hepatocellular carcinoma 
(HCC). 

METHODS: Four hundred and twenty patients were 
enrolled in this study. The patients, who were considered 
to have unresectable tumors due to their location or size or 
comorbidity, were divided into sequential TACE-cryosurgery 
(sequential) group (n = 290) and cryosurgery alone (cryo-
alone) group (n  = 130). Patients in the sequential group 
tended to have larger tumors and a greater number of 
tumors than those in the cryo-alone group. Tumors larger 
than 10 cm in diameter were only seen in the sequential 
group. TACE was performed with the routine technique 
and percutaneous cryosurgery was conducted under the 
guidance of ultrasound 2-4 wk after TACE. 

RESULTS: During a mean follow-up period of 42 ± 
17 mo (range, 24-70 mo), the local recurrence rate 

at the ablated area was 17% for all patients, 11% 
and 23% for patients in sequential group and cryo-
alone groups, respectively (P  = 0.001). The overall 
1-, 2-, 3-, 4- and 5-year survival rate was 72%, 57%, 
47%, 39% and 31%, respectively. The 1- and 2-year 
survival rates (71% and 61%) in sequential group 
were similar to those (73% and 54%) in cryo-alone 
group (P  = 0.69 and 0.147), while the 4- and 5-year 
survival rates were 49% and 39% in sequential group, 
higher than those (29% and 23%) in cryo-alone group 
(P = 0.001). Eighteen patients with large HCC (> 5 cm 
in diameter) survived for more than 5 years after 
sequential TACE while no patient with large HCC (> 
5 cm in diameter) survived more than 5 years after 
cryosurgery. The overall complication rate was 24%, 
and the complication rates were 21% and 26% for 
the sequential and cryo-alone groups, respectively  
(P  = 0.06). The incidence of hepatic bleeding was higher 
in cryo-alone group than in sequential group (P = 0.02). 
Liver crack only occurred in two patients of the cryo-
alone group.

CONCLUSION: Pre-cryosurgical TACE can increase the 
cryoablation efficacy and decrease its adverse effects, 
especially bleeding. Sequential TACE and cryosurgery 
may be the better procedure for unresectable HCC, 
especially for large HCC. 
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INTRODUCTION
Cryosurgery has been used for two decades in treatment 
of  many benign, malignant, and metastatic tumors[1-3]. 
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Furthermore, hepatocellular carcinoma (HCC) has been 
successfully treated either with cryosurgery alone or in 
combination with resection[4-6].

Transarterial chemoembolization (TACE) itself  is not 
associated with improved survival for patients with HCC[7]. 
However, it can shrink the HCC mass. It has been shown 
that sequential use of  TACE and hepatectomy improves 
the outcome of  patients with large HCC[8]. Cryosurgery 
is similar to the surgical resection of  HCC in terms of  
total destruction of  the tumor tissue. Therefore, TACE in 
combination with cryosurgery is expected to yield a better 
therapeutic effect on HCC, especially on large HCC.

From March 2001 to December 2006, 510 patients 
with HCC underwent percutaneous cryosurgery with 
or without TACE. In this study, we retrospectively 
investigated the results of  420 patients with HCC. Of  
them, 290 were treated with sequential use of  TACE and 
percutaneous cryosurgery, and 130 received percutaneous 
cryosurgery alone.

MATERIALS AND METHODS
Patients
A total of  420 patients (310 males and 110 females) 
at a median age of  43 years (range, 21-81 years) were 
enrolled in this study. The diagnosis of  HCC was 
made by abdominal computed tomography (CT), liver 
ultrasonography, and/or whole positron emission 
tomography-CT (PET-CT). Two hundred and ninety-
five patients had an elevated serum α-fetoprotein (AFP) 
level. HCC was proven by biopsy in 286 patients. All the 
patients were considered to have unresectable tumors 
due to their location or size or comorbidity. Patients 
with Child-Pugh C tumors and cirrhotic ascites were 
excluded from this study. The patients were divided into 
sequential TACE-cryosurgery (sequential) group (n = 
290) and cryosurgery alone (cryo-alone) group (n = 130) 
(Table 1). There were no differences in age, sex and 
Child-Pugh classification of  the patients between the 
two groups. However, patients in the sequential group 
tended to have larger tumors and a greater number 
of  tumors compared to those in the cryo-alone group 
(P < 0.05). Tumors larger than 10 cm in diameter 
were only found in the sequential group. All patients 
gave their informed consent. The study was approved 
by the Ethical Committee of  Fuda Cancer Hospital 
(Guangzhou, China).

Methods
TACE was performed after cross-sectional images were 
reviewed as previously described[9]. 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 mesenteric arteries. Contrast was injected into 
the arteries during rapid-sequence radiographic imaging. 
Arterial branches supplying the tumors were then located. 
The venous phase was carefully examined 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 tumors. The 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 tumors had no shrinkage 
2 wk after the procedure, a second TACE was performed.

Percutaneous cryosurgery was performed under the 
guidance of  ultrasound. Right lateral intercostal access 
was used to place cryoprobes in most patients. The size 
of  cryoprobes used depended upon the tumor size and 
number. Small lesions were ablated with one or two 2-mm 
cryoprobes. Larger caliber cryoprobes (5-mm) or multiple 
probes were used according to the size of  lesions. The 
cryoprobes were placed in the centre of  tumor using a 
modified Seldinger technique under real-time ultrasound 
guidance. Multiple cryoprobes were were placed 1.5-2 cm 
apart in the tumor periphery. Once the cryoprobe was 
positioned, freezing was initiated using an argon/helium-
based cryosurgery system (EndoCare, Inc., Irvine, Calif. 
USA). Two freeze cycles (15 min each) were applied for 
10-15 min of  helium thaw following each freeze. The size 
of  the ice ball formed by the cryoprobes was evaluated by 
ultrasound and made at least 1 cm larger than the apparent 
ultrasonic size of  the tumor.Generally, separate lesions 
were frozen sequentially rather than simultaneously. The 
probe was removed after the second freeze/thaw cycle 
and the tract was filled with Gelfoam strips soaked in 
thrombin to facilitate hemostasis[10,11].

Follow-up
Follow-up consisted of  ultrasonography and/or helical 
CT of  the liver and serial check of  AFP levels 1 mo after 
surgery and then every 2-3 mo for 1-2 years. Eighty-
two patients underwent PET-CT during the follow-up 
and were subsequently reassessed every 6 mo with PET-
CT. Successful tumor ablation (disease-free) was ideally 
defined by disappearance or no expansion of  the ablated 
lesion on CT follow-up or no metabolic activity on PET-
CT. Tumor recurrence or persistence was also defined 
using CT. Percutaneous biopsy was used in 79 patients 
to verify the eradication or recurrence of  tumors. 

Statistical analysis
Survival rate of  the patients was calculated from the 

Table 1  Clinical features of patients undergoing sequential 
TACE-cryosurgery or cryosurgery-alone  n  (%)

Clinical features Sequential group 
(n  = 290)

Cryo-alone group 
(n  = 130)

P

Age (median) 46 41
Sex (M/F) 212/78 98/32   0.623
Child-Pugh A   91 (31.4) 42 (32.3)   0.850
Child-Pugh B 199 (68.6) 88 (67.7)   0.850
Tumors
   1 132 (45.5) 85 (57.7)   0.001
   2   84 (28.9) 38 (25.4)
   3   32 (11.0)   6 (10.0)
   > 3   42 (14.5)  1 ( 6.9)
Largest diameter of tumors
   Range (cm) 4.5-15.0 3.1-7.0
   mean ± SD (cm) 6.5 ± 3.1 4.6 ± 3.2 0.04
   Tumor > 10 cm   69 (23.8)   0
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time of  cryosurgery to the time of  death or last follow-
up with Kaplan-Meier method (J Am Stat Assoc 1958; 53: 
457-481). Values were expressed as mean ± SD. Vari-
ables were compared using Fisher’s exact test (two-sided) 
or rank-sum test when appropriate. P < 0.05 was con-
sidered statistically significant. SPSS 9.0 (SPSS, Chicago, 
Illinois) was used for data analysis.

RESULTS
Survival
The patients were followed up for 42 ± 17 mo (range, 
24-70 mo) (Table 2). The local recurrence rate at the 
ablated area was 17% for all patients, and 11% and 23% 
for sequential and cryo-alone groups, respectively (P = 
0.001). The overall 1-, 2-, 3-, 4- and 5-year survival rate 
was 72%, 57%, 47%, 39% and 31%, respectively. The 1- 
and 2-year survival rates (71% and 61%) for sequential 
group were similar to those (73% and 54%) for cryo-alone 
group (P = 0.69 and 0.147, respectively), while the 4- and 
5-year survival rates were 49% and 39% for sequential 
group, higher than those (29% and 23%) for cryo-alone 
group (P = 0.001, Figure 1).

Eighteen patients with large HCC (> 5 cm in 
diameter) survived more than 5 years after sequential 
TACE-cryosurgery while no patient with large HCC 
survived more than 5 years after cryosurgery alone.

The CT of  liver for selected patients is illustrated in 
Figures 2-4.

Complications
The main complications were hepatic bleeding, liver crack 
and failure, thrombocytopenia and/or clotting dysfunction, 
acute renal failure with myoglobinuria and pneumonia 
(Table 3). The overall complication rate was 24%, and the 
complication rate was 21% and 26%, respectively, for the 
sequential and cryo-alone groups (P = 0.184). The incidence 
of  hepatic bleeding was higher in cryo-alone group than in 
sequential group (P = 0.001). Liver crack only occurred in 
the cryo-alone group. The incidence of  thrombocytopenia 
and/or clotting dysfunction, liver failure and pneumonia 
was similar in the two groups (P = 0.599). Acute renal 
failure with myoglobinuria was observed in two patients of  
the sequential group and in one patient of  the cryo-alone 
group. Agranulocytosis occurred in only four patients of  
the sequential group. Two patients in the cryo-alone group 
died of  liver crack and massive hepatic bleeding during peri-
cryosurgery.

DISCUSSION
Surgical resection (hepatectomy) can achieve a long-term 
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Figure 1  Survival rate of HCC patients.

Table 2  Survival rate of patients after sequential TACE-
cryoablation or cryo-alone groups (%)

Patients 
(n  = 420)

Sequential 
group 

(n  = 290)

Cryo-alone 
group 

(n  = 130)

P

Local recurrence 17 11 24 0.001
Survival rate
   1-yr 72 71 73 0.668
   2-yr 57 61 54 0.147
   3-yr 47 52 42 0.064
   4-yr 39 49 29 0.001
   5-yr 31 39 23 0.001

Table 3  Complication between sequential TACE-cryosurgery 
and cryo-alone groups  n  (%)

Patients 
(n  = 420)

TACE-
cryosurgery 
(n  = 290)

Cryo-alone 
(n  = 130)

P

Hepatic bleeding 16 (3.8)   5 (1.7) 11 (8.5) 0.001
Liver crack   2 (0.5)           0   2 (1.5)
Thrombocytopenia 
and/or clotting 
dysfunction

30 (7.1) 21 (7.2)   9 (6.9) 0.907

Liver failure 16 (3.8) 12 (4.1)   4 (3.1) 0.599
Acute renal failure 
with myoglobinuria

  3 (0.7)   2 (0.7)   1 (0.7)

Agranulocytosis   4 (0.9)   4 (1.4)        0
Pneumonia 25 (0.6) 17 (5.9)   8 (6.2) 0.907
Total 101 (24.0)   61 (21.0)   40 (30.7) 0.184

C D

Figure 2  Biopsy showing a HCC mass (11 cm × 9 cm) in the right liver 
lobe. The sequential changes (A-D) of the mass were disappeared after 
sequential therapy. 
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survival time in up to 30% of  patients with HCC. Unfor-
tunately, because of  the limitations of  surgical techniques 
and patient condition, only 25% or less of  patients are 
estimated to be candidates for resection of  HCC[12]. Since 
cryosurgery is a focal treatment, sparing more normal 
liver tissues than resection, it can be used for unresect-
able multiple lesions affecting both liver lobes and large 
tumors abutting major vessels[13,14]. It has been shown that 
mini-invasively percutaneous hepatic cryosurgery under 
guidance of  real time ultrasound can achieve a long-term 
survival of  patients with both primary and metastatic he-
patic malignancies[15,16].

Cryoablation is effective for tumor mass, but post-
cryosurgical recurrence is often observed due to insuf-
ficient freezing during cryosurgery[17]. Overcoming this 
problem is the key to the improvement of  overall sur-
vival rate of  patients. 

TACE is used either as an adjuvant therapy or as a 
palliative procedure for patients with unresectable HCC[18,19]. 
It has been shown that TACE prior to surgical resection 
can not only prevent recurrence of  HCC by controlling 
intrahepatic spread via the portal system, but also facilitate 
surgery by reducing tumor bulk[20]. Cryosurgery, in which 
tumors are frozen and then left in situ to be reabsorbed, 
is equivalent to the surgical resection of  HCC in terms 
of  total destruction of  the tumor tissue, indicating that 
it is reasonable to perform TACE for tumors prior to 
cryosurgery. 

In our study, the 1-, 2-, 3, 4- and 5-year survival rate was 
71%, 61%, 52%, 49% and 39%, respectively, for the 290 
patients after sequential TACE-cryosurgery, and 73%, 54%, 
42%, 29% and 23%, respectively, for the 130 patients after 
cryo-alone. The 4- and 5-year survival rates were higher for 
the patients of  sequential group than for those of  cryo-
alone group, suggesting that cryosurgery in combination 
with TACE can achieve a better long-term outcome, which 
is consistent with the reported findings[21]. 

The relatively good outcome obtained in our study 
was due to the complementary effect of  sequential 
TACE and cryosurgery.

Several factors can influence cryo-induced tumor 
cell destruction. Among these factors, temperature is a 
critical factor since a temperature lower than -40℃ is 
assumed necessary to ensure tumor ablation. An ice-
ball larger than the target lesion is thus necessary for 
complete tumor ablation, because the temperature at the 

edge (a few millimeters in thickness) of  an ice-ball is non-
lethal[22]. An ice-ball encompassing the entire tumor mass 
1 cm beyond the tumor border should be considered 
adequate for ablation. According to the MRI-estimated 
three-dimensional temperature distribution in liver cryo-
lesions[23], the mean value of  distances calculated between 
the -40℃ isotherm and cryolesion edge is a median of  4.1 
mm and the largest distance defined for each cryo-lesion 
is a median of  8.1 mm. However, the distance is related to 
the volume of  the cryo-treated tumor. The largest distance 
defined between the the -40℃ isotherm and the edge of  
cryo-lesion may be close to 1 cm for a cryo-lesion volume 
less than 25 cm3, while a cryo-lesion larger than 25 cm3, 
the 1-cm ice-ball extension cannot ensure the temperature 
adequate for ablation in the entire volume enclosed by the 
rim zone. It has been shown that tumor size influences 
the tumor ablation rate, and lesions larger than 3 cm are 
more likely associated with a higher recurrence rate than 
smaller tumors[24]. 

Therefore, the smaller the tumor is, the more effective 
the cryoablation is and the lower the recurrence rate is. 
Since TACE can shrink HCC mass, it can be expected 
to increase the efficacy of  cryoablation for HCC, and 
to decrease its local recurrence if  performed prior to 
cryoablation. In our study, the recurrence rate of  HCC 
was 11% for the sequential group and 23% for the cryo-
alone group, respectively, that is of  special significance 
for large tumors close to large vessels, because the 
temperature cannot reach the edge zone of  cryo-lesions 
due to its blood warming effect[25,26]. This opinion is 
supported by our study in which 18 patients with large 
HCC (> 5 cm in diameter) survived more than 5 years 
after sequential TACE while no patient with large HCC 
survived more than 5 years after cryosurgery alone.

The major complicat ions of  cr yosurgery are 
hemorrhage and liver crack[27,28]. In our study, post-
cryosurgery hepatic bleeding occurred in 16 patients. 

7.2 cm

6.8 cm

Figure 3  Histology showing the HCC mass at 3 mo (A) and 28 mo (B) after 
sequential therapy. The cryoablated mass had cavitation formation. No cancer 
cells were identified by needle aspiration.
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Figure 4  A biopsy-proved HCC a female. A: A space-occupying lesion in right 
lobe of the liver after TACE and prior to the cryosurgery; B: The cryoablated 
lesion at 3 mo and 3 years, respectively, after cryosurgery; C: Needle aspiration 
showing liquefaction of the cryoablated lesion and no cancer cells; D: PET-CT 
showing no metabolic activity in the cryoablated  mass 5 years after therapy.
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Of them, 11 (8.5%) received cryo-alone and 5 (1.7%) 
underwent sequential TACE. The most dangerous liver 
crack was observed in only two patients of  the cryo-
alone group. Clavien et al[21] treated 15 HCC patients with 
cryosurgery and found that only one patient who did not 
undergo pre-cryosurgery TACE had hepatic bleeding, 
suggesting that TACE can reduce post-cryosurgery 
complications, such as bleeding and liver crack.

Pre-surgical TACE may be contraindicated in patients 
with resectable HCC and cirrhosis, because it causes 
progressive deterioration of  liver function[29]. However, 
Kaibori et al[20] reported that TACE prior to HCC resection 
improves the prognosis of  HCC patients with severe liver 
dysfunction, because decreasing resection of  non-tumorous 
liver tissue avoids postoperative hepatic failure in patients 
with cirrhosis. In our study, liver failure occurred in 16 
patients (3.8%), including 12 patients in the sequential group 
and four patients in the cryo-alone group, with no increased 
risk of  liver failure caused by TACE. Other adverse effects 
of  cryosurgery, such as thrombocytopenia and/or clotting 
dysfunction, acute renal failure with myoglobinuria, were 
observed in both groups of  patients. In our study, four 
patients in the sequential group developed agranulocytosis 
due to a higher dose of  chemotherapeutic agents used in 
TACE. The complication became less when the dose of  
chemotherapeutic agents was reduced. 

In conclusion, TACE prior to cryosurgery can 
increase cryoablation efficacy and decrease its adverse 
effects, especially bleeding. Sequential use of  TACE and 
cryosurgery may be a better procedure for improving the 
outcome of  patients with unresectable HCC, especially 
large HCC. Further prospective study is required to fully 
evaluate its value. 
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