
Int J Clin Exp Med 2017;10(9):14076-14082
www.ijcem.com /ISSN:1940-5901/IJCEM0063510

Original Article 
Efficacy of radiofrequency ablation plus hepatic  
arterial chemoembolization in primary hepatic  
carcinoma and its effect on serum markers

Lina Xiong1*, Li Zhang1*, Jing Ma2, Jie Li1

1Department of Digestive Disease, Liyuan Hospital Affiliated to Tongji Medical College of Huazhong University of 
Science and Technology, Wuhan City, Hubei Province, China; 2Emergency Department and Intensive Care Unit, 
Liyuan Hospital Affiliated to Tongji Medical College of Huazhong University of Science and Technology, Wuhan City, 
Hubei Province, China. *Equal contributors and co-first authors.

Received August 12, 2017; Accepted September 14, 2017; Epub September 15, 2017; Published September 30, 
2017

Abstract: Objective: To investigate the efficacy of radiofrequency ablation (RFA) in combination with hepatic arterial 
chemoembolization (HACE) in the treatment of primary hepatic carcinoma (PHC) and its effect on the serum mark-
ers. Methods: A total of 74 patients with PHC who were admitted to our hospital from February 2013 to January 
2014 were randomly allocated to the experimental group (n=37) and the control group (n=37) in terms of a random 
number table. The patients in the control group received HACE whereas those in the experimental group underwent 
RFA plus HACE. The adverse events during treatment, the efficacy 2 months after treatment, the recurrence rate, 
the survival rate and the degree of tumor necrosis 3 years after surgery were compared between the two groups. 
In addition, the changes in serum markers before and after treatment were observed in the two groups. Results: 
Two months after treatment, glutamyl transpeptidase (GGT) lowered significantly in the experimental group as com-
pared with the control group (P=0.000), so was alpha fetoprotein (AFP). And the difference was significant between 
the two groups (P=0.000). The overall clinical response and the rate of tumor complete necrosis were significantly 
higher in the experimental group (P=0.017, P=0.000, respectively). The 3-year recurrence rate was markedly lower 
(P=0.027), but the survival rate was strikingly higher in the experimental group (P=0.006). Furthermore, no signifi-
cant differences were noted in the incidence of adverse events between the two groups (P=0.662). Conclusion: The 
protocol of RFA in combination with HACE in PHC was associated with greatly improved serum markers, reduced 
recurrence rate and enhanced survival rate of patients with PHC. Therefore, it is a safe and effective alternative for 
treatment of PHC.
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Introduction

Primary hepatic carcinoma (PHC) is a common 
malignancy in China. The most effective meth-
od to cure PHC is surgical resection. The rates 
of five-year survival among the patients ranged 
from 27% to 42% after resection, but only 15% 
to 25% patients showed the exact indications 
to reoperation [1, 2]. The more common tech-
nique for treatment of hepatic carcinoma is 
hepatic arterial chemoembolization (HACE), wh- 
ich is an effective techniquein inhibiting post-
operative tumor recurrence and prolonging the 
survival of patients [3]. Over the past decade, 
radiofrequency ablation (RFA), one of the typi-
cal local minimally invasive procedures in the 

treatment of PHC, has been proved to be an 
effective modality in treating small hepatic  
carcinoma [4]. Clinically, RFA or HACE alone is 
ineffective in the treatment of PHC [5, 6]. 
Accordingly, it is necessary to take a compre-
hensive treatment. HACE in combination with 
RFA has shown to exert a synergistic effect in 
the treatment of PHC [7, 8]. A combination of 
RFA with HACE can complement each other and 
achieve better results, but other studies have 
demonstrated no significant improvement in 
survival among patients with a combined thera-
py as compared with those with HACE alone  
[9]. Few studies have been involved in HACE 
plus RFA, so the effect and prognosis of the 
patients concerned should be evaluated com-
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Figure 1. Radiofrequency ablation for primary hepatic carcinoma. A: Before operation; B: During operation; C: After 
operation.

prehensively. The present study was designed 
to analyze the efficacy of RFA in combination 
with HACE in PHC treatment and its effect on 
serum markers, providing experimental and 
clinical evidence for the treatment of PHC.

Materials and methods

Clinical data

A total of 74 patients with PHC admitted to our 
hospital from February 2013 to January 2014 
were recruited in this study. Inclusion criteria 
included the patients were diagnosed in line 
with the Criteria for Clinical Diagnosis of Pri- 
mary Hepatic Carcinoma; they were diagnosed 
as having PHC, as demonstrated by serum al- 
pha fetoprotein (AFP), CT or MRI; the Karnofsky 
Performance Status (KPS) score ≥70; the Child-
Pugh scores or TNM stages of liver function 
were accurate; no previous systemic chemo-
therapy or radiotherapy. Patients were exclud-
ed if they were associated with obvious hepa- 
tic arteriovenous fistula, had hepatic tumor 
exceeded 70% of the volume of the liver, had 
obvious cachexia, jaundice, ascites or distant 
metastasis or a contraindication to chemother-
apy. The entire study was completed with the 
written informed consent of each patient and 
their families, and the approval of the Hospital 
Ethics Committee. The eligible 74 patients were 
allocated to the experimental group (n=37) and 
the control group (n=37) in terms of a random 
number table.

Methods

The patients in the control group were assign- 
ed to under go HACE. They were required to be 
anesthetized with an intramuscular injection of 
ketamine (10 mg) 0.5 h before surgery after 

fasting for 5 h. Under local anesthesia, the fem-
oral artery was punctured and the contrast 
agents were injected. After the site of hepatic 
tumor artery was confirmed by digital subtrac-
tion angiography, a catheter was inserted into 
the feeding artery, into which nonionic contrast 
agent lipiodol (5 ml), 5-fluorouracil (2 g), and 
oxaliplatin (200 mg) were injected. Absorbable 
gelatin sponge and polyvinyl alcohol particles 
were also injected under the guidance of angi-
ography and fluoroscopy. The catheter was re- 
moved, followed by pressurized bandaging at 
the punctured site, with the lower limbs of the 
patient keeping in the braking state for 12 h 
after surgery. The punctured site was closely 
observed for hematoma and blood oozing. The 
skin color and dermatoglyph of the lower limbs, 
as well as the pulses of the dorsal artery artery 
were also under close observation.

The patients in the experimental group under-
went RFA in addition to the above-mentioned 
therapy assigned to the control group. The pro-
cedures of RFA were initiated at 15 d after 
HACE. Conventional skin disinfection was per-
formed at the insertion site under the guidance 
of CT. With the patient under local anesthesia, 
the RF electrode was inserted into the tumor 
tissue under the guidance of CT, with the abla-
tion power at 60 W for 10-15 min. Single need- 
le ablation was administered for 1-3 bulbous 
focus, bilateral focal ablation for 4-6 bulbous 
focus, and fractional ablation for poor-tolerat- 
ed patients. The RFA range can be extended to 
1 cm inside the normal tissues to ensure full 
ablation (Figure 1).

Outcome measures

Primary outcomes included serum markers glu-
tamyl transpeptidase (GGT) and alpha fetopro-
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Table 1. General data of patients

Variable
Group

t/X2 P
Experimental Control

Case 37 37
    Gender (n, %) X2=0.5103 0.4750
        Male 21 (55.76) 24 (64.86)
        Female 16 (43.24) 13 (35.14) 
Age (year) 59.45±5.34 60.06±5.41 t=0.4881 0.6269
Tumor diameter (cm) 5.08±0.84 5.09±0.86 t=0.0506 0.9598
    Hepatic cancer stage (n, %) X2=0.8860 0.6421
        I 11 (29.73) 13 (35.14)
        II 18 (48.65) 19 (51.35)
        III 8 (21.62) 5 (13.51)
    Child-Pugh class of hepatic function (n, %) X2=0.2372 0.6263
        A 25 (67.57) 23 (62.16)
        B 12 (32.43) 14 (37.84)

Table 2. Serum markers of the patients before and after treat-
ment

Variable
Group

t P
Experimental Control

Case 37 37
GGT (U/L)
    Pre-treatment 134.24±14.02 137.32±14.41 0.932 0.355
    Post-treatment 98.32±9.14* 121.43±11.24 9.703 0.000
    Difference 35.89±10.23* 16.04±9.76 11.765 0.000
AFP (ng/mL)
    Pre-treatment 743.21±42.15 747.43±41.03 0.436 0.664
    Post-treatment 364.25±21.45* 621.51±26.32 37.098 0.000
    Difference 375.69±31.21* 124.94±34.55 26.162 0.000
Note: In comparison with the pre-treatment, *P=0.000.

tein (AFP), as well as clinical response. Secon- 
dary outcomes consisted of tumor necrosis, 
survival, recurrence, and adverse events.

The serum markers (GGT and AFP) of the pa- 
tients before treatment and at two months 
after treatment were compared between the 
two groups. After 5 mL of fasting venous blood 
was drawn from each patient at 1 d before tre- 
atment and 2 months after treatment, respec-
tively, the blood was processed for anticoagula-
tion, from which serum was isolated. The GGT 
levels were measured with the use of an auto-
matic biochemical analyzer whereas the AFP 
levels were detected using the chemilumines-
cent microparticle immunoassay. The kits were 
provided by Kurt Backman (US). All the proce-

dures were followed strictly after 
the instructions of the kits.

The treatment outcomes were fol-
lowed up for 3 year in accordance 
with the Response Evaluation Cri- 
teria in Solid Tumors [5]. The crite-
ria for tumor response include 
complete response (the disappear-
ance of all target lesions), partial 
response (at least a 30% decrease 
in the sum of the longest diameter 
of target lesions at baseline), pro-
gressive disease (the appearance 
of new lesions or at least a 20% 
increase in the sum of the longest 
diameter of target lesionsat base-

line), and stable disease (neither sufficient sh- 
rinkage to qualify for partial response nor suf- 
ficient increase to qualify for progressive dis-
ease in target lesions at baseline). The equa-
tion for calculation of overall response rate 
states: Overall response rate = (Cases of com-
plete response + Cases of partial response)/
total number of patients * 100%.

Partial necrosis was defined as 50-89% of tu- 
mor necrosis; incomplete necrosis as 90-99% 
of necrosis and complete necrosis as 100% of 
necrosis.

The rates of survival and recurrence at 3-year 
follow up were compared between the two 
groups. The recurrence rate was defined as the 
probability of appearance of new lesions or 
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Table 3. Short-term clinical response of patients

Group Case Compete 
response

Partial 
response

Stable 
disease

Progressive 
disease

Overall 
response

Experimental 37 26 (70.27) 5 (13.51) 4 (10.81) 2 (5.41) 31 (83.78)
Control 37 7 (18.92) 12 (32.43) 11 (29.73) 7 (18.92) 19 (51.35)
X2 9.745 8.703 9.365 8.374 8.880
P 0.007 0.018 0.010 0.024 0.017

increased primary lesions within 3-6 months 
after the first cycle of treatment. Adverse ev- 
ents (fever, nausea, vomiting, abdominal pa- 
in, cholecystitis, portal hypertensive bleeding, 
and ulcerated bleeding) during treatment were 
assessed among the patients in the two groups.

After treatment, all patients were followed by 
outpatient appointments and telephone calls 
once every 3 months for 3 years for observa-
tion of clinical outcomes of the patients.

Statistical analysis

The data analyses were performed with the use 
of SPSS software, version 20.0. Quantitative 
data including serum markers were represent-
ed as 

_
x  ± sd; the independent samples t-test 

was used to compare serum markers before 
treatment with those after treatment for both 
groups; the differences in improvements inse-
rum markers between the two groups were 
compared using the independent samples t- 
test; intragroup comparisons before and after 
treatment were made by the paired samples 
t-test. The count data including the rates of 
adverse events and clinical response of the 
patients were represented as n, (%); inter-gr- 
oup comparisons in adverse events and clini- 
cal response were performed with the use of 
the chi-square test. P<0.05 was considered as 
statistically significant.

Results

General data of the study patients

There were no significant differences between 
the two groups in such clinical data as age, gen-
der, tumor diameter, hepatic cancer staging, so 
they were comparable (P>0.05, Table 1).

Serum markers

No striking differences in serum markers were 
found between the two groups (P>0.05). The 
levels of the serum markers GGT and AFP 2 
months after treatment decreased significan- 

tly in the patients of 
both groups, and the 
differences between 
the two time points 
were significant (all 
P=0.000). Two mon- 
ths after treatment, 
the levels of GGT and 
AFP dropped signifi-

cantly in the experimental group, as compared 
with the control group (P=0.000, Table 2).

Short-term clinical response

After treatment, the overall clinical response  
of patients in the experimental group improved 
significantly as compared to that of the control 
group (P=0.017, Table 3).

Tumor necrosis

The rate of complete tumor necrosis was sig-
nificantly higher, but the rates of incomplete 
necrosis and partial necrosis were significantly 
lower in the experimental group than in the  
control group (P<0.05, Table 4).

Recurrence and survival

In 3-year follow-up, the recurrence rate was 
markedly lower (P=0.027), but the survival ra- 
te improved significantly in the experimental 
group as compared with the control group 
(P=0.006, Table 5).

Adverse events

Abdominal pain, nausea and vomiting occurr- 
ed in one patient, respectively; mild fever oc- 
curred in 2 patients in the experimental group. 
Nausea, vomiting, and mild fever occurred in 
one patient, respectively, and abdominal pain 
occurred in three patients in the control gr- 
oup. All the patients improved after receiving 
symptomatic treatment. No serious adverse 
events such as cholecystitis, portal hyperten-
sive bleeding and ulcerated bleeding were 
noted among the patients in the two groups. 
Furthermore, no significant difference in the 
rate of adverse events was observed between 
the two groups (X2=0.192, P=0.662).

Discussion

Standard combined therapy is the primary ef- 
fective protocol to improve the clinical response 
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Table 5. Recurrence and survival of the 
patients (n, %)
Group Case Recurrence Survival
Experimental 37 8 (21.62) 36 (97.29)
Control 37 17 (45.95) 28 (75.68)
X2 4.893 7.400
P 0.027 0.006

Table 4. Tumor necrosis of the patients (n, %)

Group Case Complete 
necrosis

Incomplete 
necrosis

Partial 
necrosis

Experimental 37 32 (86.49) 4 (10.81) 1 (2.70)
Control 37 11 (29.73) 15 (40.54) 11 (29.73)
X2 10.032 15.674 17.293
P 0.005 0.000 0.000

in advanced hepatic carcinoma. HACE is one  
of the most effective techniques for palliative 
therapy. By injecting the mixture of antitumor 
agents and lipiodol into the feeding artery of 
hepatic tumor viathe catheter, it is effective in 
inducing tumor necrosis and shrinkage, rema- 
ining themaximum hepatic function, reducing  
the prevalence of postoperative complications, 
and prolonging the time for survival in patients. 
However, HACE alone is imperfect in treatment 
of hepatic carcinoma [10-13]. As far as RFA is 
concerned, an ablation needle is inserted into 
the tumor via percutaneous puncture under the 
guidance of adjunct imaging. With the heat gen-
erated by high frequency current, protein in the 
local tissues degenerates, leading to coagula-
tive necrosis and even carbonization. Thus, the 
goal of tumor treatment achieves [14, 15]. RFA 
has shown to be characteristic of small trauma, 
good tolerance and rapid recovery. Its efficacy 
in treating small hepatocellular carcinoma is 
similar to that of surgery [16, 17]. However, RFA 
is limited in treatment of lesions adjacent to 
inferior vena cava, portal vein and diaphragm, 
with high complication rate and risk.

In recent years, increasing attention has been 
paid to the combined therapy of HACE and RFA 
due to its complementary benefits. The proto-
col of HACE plus RFA has shown to significantly 
improve the survival of hepatocellular carcino-
ma as compared with HACE alone [18, 19]. In 
addition, HACE in combination with RFA has 
reported to be also effective for treatment of 
patients unable to receive re-embolization or 

those with residual tumors after repeated 
embolization [20, 21]. Cytokine AFP is a spe-
cific marker for PHC, and GGT exists in the 
hepatobiliary system. GGT is also used as a 
sensitive marker for diagnosis of hepatobili-
ary diseases. The presence of hepatobiliary 
tumor may produce pressure to the liver or 
gallbladder and obstruct the bile excretion, 
increasing the concentration of GGT in hepa-

tocytes [22]. In the present study, considerable 
reductions in the levels of AFP and GGT were 
observed in PHC patients after the combined 
treatment of RFA and HACE, as compared with 
HACE alone. This suggests that the patients 
became better and the short-term clinical 
response was also perfect. In addition, the rate 
of complete tumor necrosis was increased  
significantly in patients undergoing RFA plus 
HACE, but the rates of partial and incomplete 
necrosis were relatively lower. After 3 years of 
follow-up, a significant increase in survival rate 
and a striking reduction in recurrence of tu- 
mors were found in PHC patients who had un- 
dergone the combined therapy. This further 
indicates that the combined protocol of RFA 
and HACE in treatment of PHC could signifi- 
cantly improve the short-term clinical respon- 
se, reduce the recurrence rate of tumor, en- 
hance the necrosis of tumor and prolong the 
survival time of patients, contributing to bet- 
ter prognosis in patients. Although abdominal 
pain, nausea and vomiting occurred in one pa- 
tient respectively, and mild fever occurred in 
two patients during the combined treatment, 
the patients were improved significantly after 
symptomatic treatment. No serious adverse 
events including cholecystitis, portal hyperten-
sion bleeding, or ulcerated bleeding occurred  
in the patients, suggesting the protocol is of 
high safety and tolerance.

In conclusion, the combined protocol of RFA 
and HACE for treatment of patients with PHC  
is proven to be effective in improving their se- 
rum markers, survival, and prognosis, reducing 
the rates of tumor recurrence. It is such a safe 
and effective method that it is worthy of exten-
sive use in clinical practice. However, there are 
still some limitations in this study, such as a 
small sample size and a single-center study by 
nature. Nevertheless, the findings still warrant 
further validation in large-sample, multicenter 
randomized controlled trials.
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