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Abstract: Objective: To explore the efficacy of transcatheter arterial chemoembolization (TACE) combined with ex-
tracorporeal high frequency hyperthermia (HFH) in patients with advanced hepatocellular carcinoma (HCC) and its 
influence on prognosis. Methods: 98 patients with advanced HCC were randomly divided into experimental group 
(EG, n = 49) and control group (CG, n = 49) in our hospital. The patients in EG were treated with TACE combined with 
HFH, while those in CG were treated with TACE. The therapeutic effects of the two groups were compared. Results: 
The total effective rate and disease control rate of the EG were higher than those of the CG (P < 0.05). After treat-
ment, the expressions of serum AFP, VEGF and CEA in the two groups were decreased, but the expressions of serum 
AFP, VEGF and CEA in the EG were lower than those in the CG (P < 0.05). One month after treatment, the quality of 
life of the patients in the EG was better than that of the CG (P < 0.05), and the patients in the EG also showed less 
incidence of complications than the CG (P < 0.05). In addition, the progression-free survival and 3-year survival rate 
in the EG were higher than those in the CG (P < 0.05). Conclusion: TACE with extracorporeal HFH in the treatment 
of advanced HCC patients can effectively improve the therapeutic effect, improve the quality of life, and prolong the 
survival of patients. 
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Introduction

Hepatocellular carcinoma is a clinically com-
mon malignant tumor. Its early onset is rela- 
tively insidious, and the disease progresses 
rapidly. Many patients are often found to be in 
an advanced stage, which is one of the causes 
of high mortality [1, 2]. At present, surgery is 
the most important treatment for patients with 
HCC [3]. However, it has large lesions, and is 
also accompanied by cirrhosis, ascites and 
other complications, which makes many pati- 
ents lose their chance of surgery [4]. 

Transcatheter arterial chemoembolization (TA- 
CE) is a commonly used treatment for patients 
with HCC who have lost the operation condi-
tions [5, 6]. TACE has the advantages of less 
toxicity and simple operation. This is because 

when TACE is used for treatment, chemothera-
peutic drugs can enter the target organs in time 
to ensure a high concentration of drugs in the 
tumor area [7]. TACE has achieved good results 
in the treatment of hepatocellular carcinoma 
[8]. However, TACE also has some limitations 
such as high rate of tumor recurrence [9]. In 
recent years, with the continuous development 
of minimally invasive technology, high frequen-
cy hyperthermia (HFH) has been more and 
more widely used in tumors, and has achieved 
a certain effect. It has a good effect on prolong-
ing the survival of patients [10, 11]. It mainly 
produces heat effect on tissues by high fre-
quency electromagnetic field, which increases 
local temperature of tissues and accelerates 
metabolism to achieve therapeutic purposes 
[12]. Therefore, it was speculated that whether 

http://www.ijcem.com


TACE combined with extracorporeal HFH

558 Int J Clin Exp Med 2021;14(1):557-564

HFH can compensate for the shortcomings of 
TACE in improving the long-term survival rate of 
patients with HCC. In the study of bronchial 
arterial infusion chemotherapy combined with 
HFH in the treatment of advanced non-small 
cell lung cancer, the serum tumor marker level 
after treatment is significantly lower than that 
without HFH [12]. This further suggested the 
better performance of HFH in the treatment of 
tumors.

However, there are relatively few studies on  
the combination of TACE and HFH in the treat-
ment of patients with advanced HCC. The effi-
cacy of transcatheter arterial chemoemboliza-
tion (TACE) combined with extracorporeal high 
frequency hyperthermia (HFH) in patients with 
advanced hepatocellular carcinoma (HCC) is 
unknown. Therefore, the effect of TACE com-
bined with HFH on patients with advanced HCC 
and its influence on prognosis were explored in 
this study.

Material and methods

General data

From 2018 to 2019, 98 patients with advan- 
ced HCC were selected from Xingtai People’s 
Hospital. Among them, 53 were male and 45 
were female. The average age of all patients 
was 57.71±5.66 years. The patients were ran-
domly divided into experimental group (EG, n = 
49) and control group (CG, n = 49). The obser-
vation group was treated with TACE combined 
with HFH, while the CG was treated with TACE.

Inclusion criteria: patients diagnosed as ad- 
vanced HCC according to The 2018 ESMO 
Clinical Practice Guidelines on Hepatocellular 
Carcinoma (HCC) [13] who could not be treat- 
ed with surgery and scheduled for TACE; pati- 
ents whose expected survival was longer than 
3 months. 

Exclusion criteria: patients with surgical indica-
tions; patients with severe renal dysfunction; 
patients with other malignant tumors; patients 
with contraindication of interventional therapy; 
patients with cognitive or communication disor-
ders; patients who did not cooperate with treat-
ment. This study has been approved by Xingtai 
People’s Hospital Ethics Committee. All the 
patients or their families signed the written 
informed consent.

Treatment methods

TACE treatment: All patients were treated with 
TACE. The femoral artery was punctured and 
intubated by modified Seldinger method. Then 
the catheter was inserted into the common 
hepatic artery and the left and right hepatic 
arteries and DSA arteriography was performed. 
After knowing the status of blood supplying of 
tumors, embolic agent and chemotherapeutic 
drugs were injected into the feeding arteries. 
The chemotherapeutic drugs were 5-fluoroura-
cil (500 mg/m2) and oxaliplatin (130 mg/m2) 
and embolic agent was lipiodol ultra fluid. The 
lipiodol ultra fluid was injected according to the 
tumor size and status of blood supplying. The 
specific proportion was 1 ml lipiodol/1 cm 
tumor diameter. Then the gelatin sponge was 
used to embolize blood vessels according to 
the specific conditions of patients. Each treat-
ment interval was 1 month, and each patient 
was treated 2-3 times. When the flow rate of 
lipiodol emulsion slowed down during emboliza-
tion, the injection rate was slowed down prop-
erly, and the treatment was stopped immedi-
ately when the patient had serious discomfort.

High frequency hyperthermia (HFH): W-1942-
ST external electric field hyperthermia instru-
ment (purchased from Weihai Zhongheng Me- 
dical Equipment Co., Ltd.) was used to treat 
patients with HFH on the 3rd day after inter- 
ventional therapy. Each course of hyperther- 
mia was 10 times, each treatment time was  
60 minutes, and each treatment interval was 
48 hours. The heating therapy was performed 
for patients with the liver area as the center. 
The frequency of treatment was set to 13.49 
MHz, the temperature was set to 43°C, and  
the output power was set to 45-55%. The 
patient’s tolerance was observed. The routine 
nursing was given after operation, and blood 
routine, liver and kidney function, coagulation 
function, electrolyte and alpha-fetoprotein con-
tent were examined. The recovery of patients 
was evaluated. 

Outcome measures: (1) The therapeutic ef- 
fects of the two groups were evaluated one 
month after treatment according to the Evalu- 
ation Criteria for Therapeutic Effect of Solid 
Tumors recommended by WHO [14]. The two 
groups were divided into complete remission 
(CR) (All lesions disappeared and lasted for 
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more than 4 weeks) and partial remission (PR). 
Total effective rate = CR + PR; disease control 
rate = CR + PR + SD. (2) The levels of alpha-
fetoprotein (AFP), vascular endothelial growth 
factor (VEGF) and carcinoembryonic antigen 
(CEA) of the two groups according to the in- 
structions of ELISA kits. (3) QOL-LC quality of 
life scale [15] was used to evaluate the life 
quality of the two groups one month after  
treatment. (4) The complications of the two 
groups of patients were recorded and evaluat-
ed. Complications included liver abscess, bili-
ary tract injury, pneumothorax and abdominal 
bleeding. (5) The disease progression-free sur-
vival and 3-year survival rate of the two groups 
were recorded and compared by telephone, 
WeChat and follow-up examination.

Statistical analysis

SPSS20.0 software was used for statistical 
analysis of the experimental data in this stu- 
dy. The enumeration data were compared by 
Chi-square test. The measurement data were 
expressed as mean ± SD. Using t test to com-
pare differences between the two groups. 
Survival analysis was performed by Kaplan-
meier. P < 0.05 indicated that the difference 
was statistically significant.

Results

Comparison of general data

There was no significant difference in gender, 
age, BMI, pathological type, TNM, nutritional 
status, drinking history, coagulation function, 
and renal function index between the two 
groups (P > 0.05) (Table 1).

Comparison of therapeutic effects between 
two groups

The number of patients with complete remis-
sion, partial remission, stable condition and 
progression in the EG was 0, 22, 18 and 9, 
respectively. The total effective rate was 
44.90% and the disease control rate was 
81.63%. The number of patients with complete 
remission, partial remission, stable condition 
and progression in the CG was 0, 12, 17 and 
20, respectively. The total effective rate was 
24.49% and the disease control rate was 
59.18%. The total effective rate and disease 
control rate of the EG were higher than those  
of the CG (P < 0.05) (Table 2).

Expression levels of AFP, VEGF and CEA before 
and after treatment in two groups

The expressions of serum AFP, VEGF and CEA  
in the EG before treatment were 213.33±2.91 
μg/L, 737.09±62.24 ng/L and 23.71±3.65 
μg/L. The expressions of serum AFP, VEGF and 
CEA in the CG before treatment were 214.91± 
2.79 μg/L, 742.65±63.19 ng/L and 24.02± 
3.81 μg/L. The expressions of serum AFP, VE- 
GF and CEA in the EG after treatment were 
157.31±3.17 μg/L, 281.33±32.19 ng/L and 
8.61±1.23 μg/L. The expressions of serum 
AFP, VEGF and CEA in the CG after treatment 
were 187.05±2.79 μg/L, 434.17±41.58 ng/L 
and 16.11±2.17 μg/L. The expressions of se- 
rum AFP, VEGF and CEA in the two groups af- 
ter treatment were decreased compared with 
those before treatment. The expressions of se- 
rum AFP, VEGF and CEA in the EG were lower 
than those in the CG (P < 0.05) (Figure 1).

Comparison of quality of life after treatment in 
two groups

The scores of role, physical, emotional, cogni-
tive and social function in the EG were 63.32± 
2.42, 64.15±2.37, 63.22±2.41, 63.31±3.32, 
and 64.72±2.76, respectively. The scores of 
role, physical, emotional, cognitive and social 
function in the CG were 45.12±2.11, 45.02± 
2.13, 44.81±2.22, 44.59±2.16, and 44.67± 
2.12, respectively. The scores in the EG were 
higher than those in the CG (P < 0.05) (Table 3).

Complications of two groups

The number of patients with liver abscess, bile 
duct injury, pneumothorax and abdominal cavi-
ty hemorrhage in the EG was 2, 1, 2, and 2, 
respectively. The total incidence of complica-
tions in the EG was 14.29%. The number of 
patients with liver abscess, bile duct injure, 
pneumothorax and abdominal cavity hemor-
rhage in the CG was 4, 6, 3, and 2, respectively. 
The total incidence of complications in the CG 
was 30.60%. The total incidence of complica-
tions in the EG was lower than that in the CG  
(P < 0.05) (Table 4).

Comparison of progressive-free survival and 
3-year survival between two groups

The progression-free survivals of the EG and 
the CG were 7.23±1.03 months and 4.11± 
0.57 months, respectively. The progression-
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Table 2. Comparison of therapeutic effects between the two groups [n (%)]
Therapeutic effect Experimental group n = 49 Control group n = 49 X2 P
Complete remission 0 0 - -
Partial remission 22 (44.90) 12 (24.49) 4.504 0.034
Stable condition 18 (36.73) 17 (34.70) 0.044 0.833
Progression 9 (18.36) 20 (40.82) 5.926 < 0.001
Total effective rate 22 (44.90) 12 (24.49) 4.504 < 0.001
Disease control rate 40 (81.63) 29 (59.18) 5.93 = 0.032

free survival of the EG was longer than that of 
the CG (P < 0.05). There were 33 deaths in the 
EG within 3 years, and 3-year survival rate was 
32.65%. There were 41 deaths in the CG within 

3 years, and 3-year survival rate was 16.33%. 
The 3-year survival rate of the EG was higher 
than that of the CG (P < 0.05) (Table 5 and 
Figure 2).

Table 1. General data
Factor Experimental group n = 49 Control group n = 49 t/X2 P
Gender 0.041 0.839
    male 26 (53.06) 27 (55.10)
    female 23 (46.94) 22 (44.90)
Age 0.041 0.840
    ≥ 57 25 (51.02) 26 (53.06)
    < 57 24 (48.98) 23 (46.94)
BMI 0.041 0.839
    ≥ 22 27 (55.10) 28 (57.14)
    < 22 22 (44.90) 21 (42.86)
TNM by stages 0.057 0.812
    III 11 (22.45) 12 (24.49)
    IV 38 (77.55) 37 (75.51)
Pathological type 0.057 0.972
    Hepatocellular carcinoma 16 (32.65) 15 (30.61)
    Cholangiocarcinoma 20 (40.82) 21 (42.86)
    Mixed liver cancer 13 (26.53) 13 (26.53)
Nutritional status 0.261 0.878
    excellent 4 (8.16) 5 (10.20)
    general 29 (59.18) 30 (61.22)
    bad 16 (32.65) 14 (28.57)
Drinking history 0.049 0.825
    yes 34 (69.39) 35 (71.43)
    no 15 (30.61) 14 (28.57)
Coagulation function
    APTT s 28.31±2.75 28.45±2.81 0.249 0.804
    PT s 11.88±1.06 12.02±1.03 0.663 0.663
    FIB g/l 3.27±0.23 3.31±0.24 0.842 0.402
    TT s 14.11±1.32 14.23±1.37 0.442 0.660
Renal function index
    Creatinine (μmol/L) 65.92±4.36 66.19±4.42 0.304 0.762
    Serum urine (μmol/L) 5.31±0.69 5.33±0.71 0.141 0.888
    Uric acid (μmol/L) 280.13±11.25 281.18±11.34 0.460 0.647
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Discussions

Hepatocellular carcinoma (HCC) is a common 
malignant tumor of the digestive system. It has 
the characteristics of high morbidity and mor-
tality. Many patients are often found to be in 
the moderate or advanced stage, and lose the 

operation conditions [16, 17]. Its main treat-
ment principle is that chemotherapeutic drugs 
and embolic agents are injected into the feed-
ing arteries of the tumor to induce apoptosis of 
the tumor cells by ischemia and hypoxia [18, 
19]. However, for some patients with large pri-
mary hepatocellular carcinoma, because of its 

Figure 1. Expression of serum AFP, VEGF and CEA 
in the two groups before and after treatment. The 
expression of serum AFP, VEGF and CEA in the 
two groups after treatment was lower than that 
before treatment, but the expression of serum 
AFP, VEGF and CEA in the experimental group was 
lower than that in the control group (P < 0.05). 
Note: * indicates P < 0.05.

Table 3. Comparison of quality of life between the two groups after 1 month of treatment
Project Experimental group n = 49 Control group n = 49 t P
Role function 63.32±2.42 45.12±2.11 39.68 < 0.001
Physical function 64.15±2.37 45.02±2.13 42.02 < 0.001
Emotional function 63.22±2.41 44.81±2.22 39.33 < 0.001
Cognitive function 63.31±3.32 44.59±2.16 33.08 < 0.001
Social function 64.72±2.76 44.67±2.12 40.33 < 0.001

Table 4. Comparison of complications between the two groups [n (%)]
Toxic reaction Experimental group n = 49 control group n = 49 X2 P
Liver abscess 2 (4.08) 4 (8.16) 0.710 0.399
Bile duct injury 1 (2.04) 6 (12.24) 3.846 0.050
pneumothorax 2 (4.08) 4 (8.16) 0.710 0.399
Abdominal cavity hemorrhage 2 (4.08) 3 (6.12) 0.212 0.646
Total incidence 7 (14.29) 17 (34.69) 5.518 0.019
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Figure 2. Survival curve. A. 3-year survival curve; B. PFS curve.

huge mass and vascular invasion, the tumor 
necrosis rate is low and the long-term survival 
rate is low [20, 21]. As a new method to treat 
tumors in recent years, the main principle of 
high frequency hyperthermia (HFH) is to des- 
troy tumor cells by continuously heating them 
[22]. It has been considered that TACE treat-
ment at elevated temperature can improve the 
fluidity of lipiodol, thereby enhancing the em- 
bolization of lipiodol and improving the thera-
peutic effect [23].

In this study, the effects of TACE combined  
with HFH and TACE alone on patients with 
advanced HCC were compared. The results 
indicated that after treatment, the total ef- 
fective rate and quality of life in the EG were 
higher than those in the CG (P < 0.05), and the 
expression levels of serum AFP, VEGF and CEA 
in the EG were lower than those in the CG (P < 
0.05), which indicated that TACE combined  
with HFH has a good therapeutic effect in 
patients with advanced HCC. The combination 
of TACE and radiofrequency ablation (RFA) has 
also achieved good results in the treatment of 
large primary hepatocellular carcinoma [22]. It 
is also explained that the principle of RFA is 
that the local temperature of tumor tissue is 
increased by high frequency waves, which 
leads to coagulation necrosis of tumor cells. 
The treatment principle of HF hyperthermia is 
similar to that of RF ablation, which confirms 
our conclusions indirectly. Some studies [24, 
25] suggested that as cancer cells are very 

sensitive to the thermal effect, HFH can pro-
mote the apoptosis of cancer cells, enhance 
the immune cell activity and increase the im- 
munity of the body. It was speculated that this 
may also be the reason why the quality of life  
of the EG was higher than that of the CG after 
treatment [26]. The results have shown that 
sequential TACE combined with local thermal 
ablation is more effective than TACE alone in 
the treatment of primary hepatocellular carci-
noma, which confirms our study. In the com- 
parative study of 56 patients with HFH [27], it 
was found that the 1-year survival rate of pati- 
ents treated with TACE combined with HFH was 
higher than that of patients treated with TACE 
alone, which is consistent with our results.

In conclusion, TACE combined with HFH has a 
good effect in the treatment of patients with 
advanced HCC, can effectively improve the 
quality of life of patients, and prolong the sur-
vival of patients. It also has high safety, which 
is worthy of promotion in clinical practice. 
However, there are still some deficiencies in 
this study. For example, in vitro trails were not 
conducted further to confirm the effects of 
TACE combined with HFH on apoptotic factors 
such as P53, bcl-2 and bax, which can be used 
to confirm the effect of TACE combined with 
HFH on cancer cell apoptosis. Moreover, TACE 
combined with HFH was not compared with 
TACE combined with other minimally invasive 
technologies such as radiofrequency ablation. 

Table 5. Comparison of progression-free survival and 3-year survival rates between the two groups
Factor Experimental group n = 49 control group n = 49 t/X2 P
Progression free survival (months) 7.23±1.03 4.11±0.57 19.09 < 0.05
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