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Abstract. – OBJECTIVE: To discuss the in-
fluences of radiofrequency ablation (RFA) com-
bined with hepatic arterial chemoembolization 
on the expression level of immunity and hypox-
ia-inducible factor (HIF-1a) and early growth re-
sponse protein2 (EGR2) of patients with hepato-
carcinoma. 

PATIENTS AND METHODS: Patients with pri-
mary hepatic carcinoma treated in our hospi-
tal from 2011 to 2014 were divided into research 
group (RFA+TACE) and control group (TACE) 
according to different therapy methods, with 
72 patients in each group. Then, the immunity 
functions were detected before treatment and 
3 months after treatment, the expression level 
of HIF-1a, EGR-2, the alpha fetal protein (AFP), 
the therapeutic effect, and incidence of adverse 
reaction in near and specific future were com-
pared between two groups. 

RESULTS: After treatment, the ratio of CD3+ 
and CD4+T cells, specific vale of CD4/CD8, and 
NK cell population in research group were more 
than those in control group, while the ratio of 
CD8+T cells was less than that in control group 
with statistical significance. Meanwhile, the ex-
pression levels of HIF-1a (F between-group*time 
point = 5.353, p = 0.043), EGR-2 (F between-group*-
time point = 4.385, p = 0.044), and AFP (F be-
tween-group*time point = 4.205, p = 0.045) had 
difference with statistical significance. More-
over, the recent therapy response rate in re-
search group was 76.4%, which was higher than 
that in control group (50.0%), with significant 
difference (χ2 = 10.784, p = 0.029), while the dif-
ference of long-term therapeutic effect between 
two groups has statistical significance (χ2 = 
7.439, p = 0.005). 

CONCLUSIONS: The treatment of primary he-
patic carcinoma by TACE combined with RAF 
therapeutic schedule was helpful in improving 
organic immunity, decreasing tumor angiogene-
sis and reducing tumor cell proliferation speed 
to improve the short- and long-term therapeu-
tic effects.

Key Words:
Primary hepatic carcinoma, Radiofrequency abla-

tion, Hepatic arterial chemoembolization, Hypoxia-in-
ducible factor-1a, Early growth response protein 2.

Introduction

With the change of living environment, di-
et habit, and the aggravation of population ag-
ing, the incidence of primary hepatic carcinoma 
showed a significant rise. Clinical data showed 
that there are almost 300 thousand patients dy-
ing of primary hepatic carcinoma every year, 
accounting for about a half of death toll all over 
the world1. At present, operative treatment is still 
the optimal means to treat primary hepatic car-
cinoma. However, the onset of primary hepatic 
carcinoma is hidden with fast progress, making 
the most patients miss the best opportunity of op-
eration when taking definite diagnosis. Therefore, 
transcatheter arterial chemoembolization (TACE) 
and other non-operation therapies are widely ap-
plied. In 2008, Sergio et al2 believed that TACE 
had double effects on embolizing tumor feeding 
system and could improve partial drug concen-
tration by injecting chemotherapy medicine. In 
2005, American AngioDynamics Company (Al-
bany, NY, USA) suggested to list TACE in first-
line therapy for patients with primary hepatic 
carcinoma that unable to be resected. However, 
clinical application results show that pure TACE 
effects were dissatisfied for factors of occlusive 
vessels and collateral circulation reconstruction 
with tumor metastasis and relapse3,4. Therefore, 
it is significant to seek more effective therapeutic 
schedule or replaceable TACE to improve the 
final treatment effects. With the fast development 
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of medical technology, more and more physicians 
and patients favor the minimally invasive surgery 
for its advantages of security, accurate location, 
and minimally invasiveness. The physical ab-
lation method, radiofrequency ablation (RFA) 
for targeted localization is one of the surgical 
procedures with ideal treatment effects on pri-
mary hepatic carcinoma. By this method, the ra-
dio-frequency electrode can be directly inserted 
into tumor tissue by ultrasound, CT, and other 
radiological technologies. The high frequency 
current causes the ion vibration and friction, and 
then generates heat, which results in coagulation 
necrosis of the tumor tissue due to high tempera-
ture5. However, further study shows that RFA has 
good therapeutic effects on 3-5 cm tumor6, while 
the therapeutic effects on tumor with large size, 
irregular form, or 3D vacancy or blood stream 
cooling are significantly affected7. Given that 
RFA and TACE have a certain complementary 
effects in therapeutic principle, so some research-
ers explored the treatment combined RFA with 
TACE in recent years even though the report-
ed therapeutic effects are not completely con-
sistent8,9. Therefore, this work used prospective 
study to analyze therapeutic effects and survival 
rate of 144 patients with primary hepatic carcino-
ma taking single TACF or combined treatment of 
TACF+RAF. Then, the clinical application effects 
of two therapeutic plans were explained with pro-
tein level according to the expression difference 
of hypoxia-inducible factor-1α (HIF-1α) and early 
growth response protein 2 (EGR-2).

Patients and Methods

Patients
144 patients with primary hepatic carcinoma 

admitted to our hospital from August 2011 to 

July 2014 were selected and divided into research 
group (treated by RFA+TACF) and control group 
(treated by TACF) by random number table, with 
72 patients in each group. Patients in two groups 
have no difference with statistical significance in 
age, gender, tumor number and diameter, TNM 
grading, liver function Child-Pugh grading, the 
score of Karnofsky functional status, AFP level, 
HBsAg, etc. (p > 0.05) (Table I). Therefore, these 
two groups have comparability.

Inclusion criteria: (1) meet with diagnosis 
standard of primary hepatic carcinoma10; (2) 
primary hepatic carcinoma was confirmed 
by pathology biopsy, imaging diagnosis, and 
clinical experimental data (CEA and AFP); 
(3) no contraindication against TACE and 
RFA; (4) KPS scoring > 70 points; (5) es-
timated lifetime > 3 months; (6) maximum 
tumor diameter < 10 cm with solid tumor 
number < 4; (7) liver function Child-Pugh 
grading was level A or level B; (8) TNM 
staging was in stage II or stage III; (9) had 
reliable and complete follow-up data.

Exclusive criteria: (1) had extra hepatic metas-
tasis; (2) combined with functional injuries 
of heart, lung, liver, and other organs; (3) the 
tumor volume accounted for more than 60% in 
the whole liver; (4) combined with infection; 
(5) had relevant operation history in recent 3 
months.

Methods
Patients in both control group and research 

group received TACE therapy by approximate 
steps: by Seldinger method, arteria femoralis 
was punctured from the right by inserting 4-5 
sheathing canals and spiral ducts. Then, digital 
subtraction angiography was taken to determine 

Table I. Comparison of general data of patients between the two groups.

 Index Research group Control group χ2/t p

Age 52.7 ± 9.3 54.21 ± 10.1 0.842 0.993
Gender (man/woman) 60/12 53/19 2.014 0.733
Number of tumors (single/multiple) 49/23 54/18 0.852 0.931
Tumor diameter (≤ 5 cm/> 5 cm) 15/57 17/55 0.160 0.996
TNM grading (II/III) 44/28 48/24 0.481 0.975
Liver function Child-Pugh grading (A/B)
(Grade A / GradeB) 45/27 37/35 1.813 0.770
Karnofsky score 68.11 ± 10.23 69.42 ± 10.52 0.782 0.937
AFP (≤ 400 μg/L/> 400 g/L) 22/50 25/47 0.284 0.990
HBsAg (positive/negative) 64/8 61/11 0.545 0.968
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the location, the size of tumor, vessel distribu-
tion, avascular mass in tumor, and the condi-
tions, to make sure if there was arterio-venous 
fistula etc. After inserting target vessel with 
microtubule super-selection and fixing the duct, 
partial chemotherapy drugs were poured under 
perspective monitoring. The injecting drug was 
composed of iodinated oil 10-15 mL + paraplatin 
25-100 mg + mitomycin 5-10 mg + pharmorubi-
cin 10-50 mg + gelatin sponge particle. The drug 
dosage was appropriately adjusted according to 
the focal size and liver function of patients. The 
routine fluid replacement and nutrition support 
were conducted after operation, and liver and 
kidney function and AFP expression level were 
monitored. According to the therapy of patients, 
the treatment was repeated every 4-6 weeks 
for twice. Also, it was determined if RAF time 
should be taken according to CT review for iodip-
in sedimentation and tumor blood flow two weeks 
after TACE. TM radiofrequency ablation system 
(RITAR, Latham, NY, USA) was used in re-
search group of this work. The approximate steps 
were as follows: after taking the most appropriate 
in vitro according to tumor location, the punc-
ture point, angle, and depth of needle insertion 
were determined by ultrasonic location. Then, 
radio-frequency electrode was punctured into tu-
mor center by inserting the needle from skin liver 
after partial anesthesia and then developed ac-
cording to tumor size and shape. The preliminary 
power was set as 10 W, which increased by 10 
W every minute until the impedance surged. For 
focus with diameter > 3 cm, overlapping treat-
ment with multiple needles and points was taken 
from internal to external and deep to shallow. For 
focus ≤ 3 cm, the treatment with single time and 
point should be taken. Focus was observed after 
operation. If there was any focus residue, the sec-
ondary RAF could be taken.

Evaluation Standard

Immunity Judgment
Flow cytometry (BD FACSCalibur, San Jose, 

CA, USA) was used to analyze the T cell subsets 
(CD3+, CD4+, and CD8+) and the ratio of NK 
cells of patients before treatment and 3 months 
after treatment. The steps were approximately 
as follows: anti-coagulative whole blood was 
mixed for 4 h after blood sampling. Then, 200 
μl of whole blood was added to 20-μL anti-
CD4-PE, anti-CD8-FITC, anti-CD3-APC, and 

anti-CD56-PerCP monoclonal fluorescent anti-
body (purchased from BD Company, Franklin 
Lakes, NJ, USA) for 20 min co-incubation in the 
dark. After dissolving red cells, supernatant was 
discarded after centrifugation by 1000 rpm for 
10 min. After re-suspending cells, supernatant 
was discarded after the secondary centrifugation. 
Cells were directly embarked after adding 200 μL 
fixatives to suspend cells. The cell number for test 
was 15000 every time.

HIF-1a, EGR-2, and AFP Test 
Enzyme-linked immunosorbent assay (ELI-

SA) kit was used to test the expression level of 
HIF-1α, EGR-2, and AFP in serum of patients 
before and 3, 6, 9, and 12 weeks after treat-
ment. HIF-1α and EGR-2 kits were purchased 
from Shanghai Kemin Biotechnology Co., Ltd., 
(Shanghai, China) while AFP kit was purchased 
from Shanghai Jining Biotechnology Co., Ltd., 
(Shanghai, China).

Observation of Short- and Long-Term 
Curative Effects and Toxic and 
Side Effects

The first TACE treatment was taken as the 
starting point of observation, while the patient 
death or middle stage of follow-up as the end-
point. Referring relevant reference11, the solid tu-
mor changes could be divided into complete relief 
(tumor necrosis or disappearance for 4 weeks), 
partial relief (tumor necrosis or shrinkage ≥ 50% 
for 4 weeks), and progression (tumor enlarges 
by more than 25% or show new focal) according 
to the solid tumor change of patients before and 
after treatment. The stability was between relief 
and progression. Response rate % = (complete 
relief + partial relief)/total cases. After the treat-
ment, patients were regularly reviewed in our 
hospital, and the long-term efficacy was evaluat-
ed with survival rate in 2 years. Patients were ob-
served if they have toxic and side effects of fever, 
nausea, abdominal pain, vomiting, transaminases 
increase, etc. and other serious complications.

Statistical Analysis 
X2 test was conducted for enumeration data 

and measurement data was represented with 
(x– ± s) with SPSS19.0 analysis software (SPSS 
Inc., Chicago, IL, USA). Moreover, t-test or 
repeated data analysis of variance was conduct-
ed. Log-Rank test was used for survival analy-
sis. When p < 0.05, the difference has statistical 
significance.
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Results

Immunologic Functions
Streaming results showed that the differ-

ence of subgroups and NK cell amount in 
T Lymphocytes between two groups showed 
statistical significance before treatment (p > 
0.05). Moreover, the CD4/CD8 ratio of research 
group (0.94 ± 0.44) and that of control group 
(0.95 ± 0.34) was consistent without difference 
of statistical significance (p > 0.05). After 
treatment, however, CD3+T cells, CD4+T cells, 
and NK cells of research group were more than 
those in control group, while CD8+T cell in 
research was less than that in control group. 
All of these differences have statistical signif-
icance (p < 0.05). Also, CD4/CD8 ratio of re-
search group (1.40 ± 0.62) was higher than that 
of control group (0.97 ± 0.80) with difference 
of statistical significance (p < 0.05) (Figure 1).

HIF-a, AFP, and EGR-2 Expression Levels 
in Serum of Patients

According to statistics, the expression levels of 
HIF-α (F between groups = 7.953, p = 0.026; F time 
point = 6.445, p = 0.036; F between groups*time 
point = 5.353, p = 0.043), EGR-2 (F between groups = 
8.453, p = 0.029; F time point = 5.963, p = 0.038; F 
between groups*time point = 4.385, p = 0.044), and 
AFP (F between groups = 7.226, p = 0.032; F time 
point = 5.834, p = 0.032; F between groups*time 
point = 4.205, P0.045) had difference with statis-
tical significance (Figure 2).

Figure 1. Change of immunological functions before 
and after treatment. Note: A, Showed the ratios of 
immune cells in both groups before treatment; B, 
Showed the ratios of immune cells in both groups after 
treatment.

Figure 2. Expression level of AFP, HIF-α, and EGR-2 in serum of patients in different treatment times. Note: A, Showed the 
expression of HIF-1α and AFP. B, Showed the expression level of EGR-2.
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Short-Term Therapeutic Effect
Results showed that the response rate of treat-

ment of research group and control group was 
76.4% and 50.0%, respectively, with difference 
of statistical significance (χ2 = 10.784, p = 0.029) 
(Table II).

Long-Term Therapeutic Effect
Results showed that 1-year survival rate of 

research group and control group was 80.5% 
(58/72) and 55.6% (40/72), respectively, and 
2-year survival rate was 51.4% (37/72) and 19.4% 
(14/72), respectively, with difference of statistical 
significance (χ2 = 7.439, p = 0.005) (Figure 3).

Toxic and Side Effects
There were cases with relevant adverse effects 

for treatment in both groups. These effects were 
all relieved after treatment of fever abatement, 
stomach protection, liver protection, etc. Patients 
in both groups showed no serious complications 
of hemothorax, pneumothorax, acute hepatic fail-
ure, etc. in treatment. The occurrence of adverse 
effects had no difference with statistical signifi-
cance between both groups (Table III).

Discussion

In recent years, the early diagnosis rate of 
primary hepatic carcinoma increased with MRI, 
CT, and other radiological technology, as well 
as AFP and other laboratory indexes. However, 
the incision rate of liver cancer was still in low 
level, while its death rate ranks in the second. 
This is mainly because patients with primary 

hepatic carcinoma have had surgical contraindi-
cations of intrahepatic tumor metastasis or early 
blood vessel infiltration combined with cirrhosis 
of liver. Therefore, non-operative treatment of 
immunotherapy, biotherapy, interventional ther-
apy, radiotherapy, molecular target, traditional 
Chinese medicine, etc. have become the research 
hotspot12,13. After TACE was recommended by 
American AngioDynamics Company (Albany, 
NY, USA) as the first-line therapy measure for 
patients with primary hepatic carcinoma who 
cannot take operative excision, a large amount 
of references reported the application effects in 
clinical actual application of TACE. According 
to relevant reference14, the response rate of TACE 
treatment is 20%-60% with 5-year survival rate 
of 20%. The further research found that factors of 

Table II. Comparison of short-term therapeutic effects between two groups n (%).

 Groups Complete remission Partial remission Stable Progress

Research group (n = 72)  8 (11.1) 47 (65.3) 14 (19.4) 3 (4.2)
Control group (n = 72) 2 (2.8) 34 (47.2) 20 (27.8) 16 (22.2)

Figure 3. Survival curves of patients between the two 
groups.
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Table III. Comparison of occurrence of toxic and side effects between groups n (%).

   Elevated Digestive Bone Marrow
 Groups Fever transaminase tract reaction transplantation

Research group (n=72) 27 (37.5) 34 (47.2) 25 (24.7) 43 (59.7)
Control group (n=72) 22 (30.6) 48 (66.7) 26 (36.1) 44 (61.1)
χ2 0.773 5.552 0.030 0.462
p 0.942 0.235 0.999 0.977
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halfway embolism, double blood supply of tumor, 
tumor collateral circulation, etc. are main reasons 
of low therapy response rate and survival rate. To 
solve the mentioned problem, new therapy plans 
are provided by the rapid development of partial-
ly minimal treatment. However, it is difficult to 
obtain satisfied therapeutic effect only with sin-
gle treatment method. Therefore, the combined 
treatment is still the main measure of primary 
hepatic carcinoma. Normal liver has portal vein 
and blood supply of liver artery, while portal vein 
supplies 80% blood. However, more than 90% 
blood supply of liver cancer is from liver artery. 
It can be seen that the embolization of the hepatic 
artery can not only block the tumor blood supply, 
but also affect little of physiological functions of 
normal liver tissues15. TACE is an interventional 
treatment taken in above thoughts. Liver cancer 
cells are addictive to iodine oil, so chemother-
apeutics combined with oil emu is always in-
jected into target vessel in clinical. Iodipin may 
cause vascular thrombosis, while high partial 
drug concentration may effective kill tumor cells. 
Actual application shows that only about 20% 
tumor has necrosis, while residual cancer cells 
are still active. Therefore, the illness may rapidly 
reoccur16. In addition, cancer tissues and normal 
tissues have difference in heat resistance. Medi-
cal workers found that when the temperature is 
about 39°C-40°C, cancer cells may stop sepa-
rating; but when the temperature is at 70°C, tu-
mor tissues may have coagulative necrosis. With 
above characteristics of cancer cells, RFA finally 
makes partial heat increase and temperature rise 
by inserting radiofrequency ablation into tumor 
tissues and releasing high-frequency electricity. 
However, the larger the tumor diameter, the richer 
the blood can be supplied, and the easier the tem-
perature will reduce by blood flow. Therefore, the 
ideal tumor diameter for treatment by RFA was 
≤3 cm in clinical. According to treatment prin-
ciple, both RAF and TACE have good synergism 
therapeutic effects. This research results further 
verified the therapeutic effects of combination. 
Recent therapeutic effects showed that response 
rate of treatment in research group was 76.4%, 
and higher than 50.0% in control group with sig-
nificant difference. However, long-term therapeu-
tic effects also further verified that the survival 
term of patients in research group was longer 
than that in control group. In addition, the combi-
nation will not increase the prevalence of adverse 
effects and toxic and side effects. It revealed that 
the therapeutic plan combined with RAF with 

TACE meets with the effectiveness and security 
of clinical application. However, the principle 
of RAF and TACE cannot completely explain 
why patients with different treatment plans have 
difference in short- and long-term survival rate. 
Two therapeutic plans do not completely kill the 
cancer tissues, while the survived cancer cells 
can still generate new vessels for proliferation 
to cause cancer replace or metastasis. Given that 
the tumor occurrence and organic immunity are 
related to partial microenvironment and tumor 
cell proliferation17, we compared the organic im-
munity, angiogenesis, and relevant protein in 
cancer cell proliferation. The results showed that 
CD3+T cell, CD4+T cell, and NK cells of patients 
in research group were more than those in control 
group, while CD8+T cell in research group was 
less than that in control group. T cell was the 
main effector cell in cellular immunity. The more 
CD3+T cells, the more T cells could reflect the 
engine block. CD4+T cell increased and CD8+T 
cell reduced, showed that immunity of organics 
enhances. Also, NK cell could eliminate tumor 
cells dispersing in circulatory system. However, 
there was chemotherapy medicine in TACE, 
causing the reduction of organic immunity. Ac-
cording to the research results, the immunity of 
patients in research group had recovered. It im-
plied that RAF has forward direction to promote 
immunity recovery. We suggested that there are 
following reasons18: (1) physical injury caused 
by heat may cause non-specificity inflammatory 
response in partial; (2) tumor cells in necrosis 
induces the production of toxic T cells; (3) the 
necrosis of tumor tissues makes the secretion of 
tumor factors decrease and immunity depression 
of the body alleviate. Moreover, embolism may 
cause partial anoxia of tumor tissue. When tu-
mor tissue has anoxia, angiogenesis can be pro-
moted by upregulating the expression of HIA-1α 
to increase the oxygen and blood supply. The 
research showed19 that there was the expression 
of HIF-1α protein in the most human tumors, 
and the protein was directly related to the oc-
currence, proliferation, and metastasis of tumor, 
so it could be used as one of prognostic markers 
in tumor. According to the results, HIF-1α in 
research group reduces but tends to increase in 
6 weeks after treatment in control group. We 
suggested that there is anoxia in tumor tissues 
in both groups, but the activity of tumor cells 
in research is bad, which causes the capability 
of secreting HIF-1α lower than that in control 
group. Moreover, the expression level of EGR-
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1 further verified above opinions. EGR2 plays 
cancer suppressor gene in tumor, it can be used 
as the index judging the proliferation capability 
of tumor cell20-22. Results showed 3 weeks after 
treatment, EGR-2 expression level of patients in 
research group significantly increased, while the 
change in control group was not significant. We 
indicated that the significant increase of EGR-2 
in research group is mainly because the injury 
caused by tumor cells, which is not transient. 
In the control group, EGR-2 starts to increase 6 
weeks after treatment mainly because the prolif-
eration capability of tumor cell decreases for an-
oxia. However, according to the changes in AFP 
value of patients in both groups, tumor cells in 
both groups significantly decrease, while the 
tumor cell in research group was lower than that 
in control group in both quantity and quality.

Conclusions

The treatment of primary hepatic carcinoma 
with AFP combined with TACE is beneficial 
to improve the immunologic functions of body, 
decrease the activity of tumor cells, and reduce 
the tumor angiogenesis to improve the short- and 
long-term therapeutic effects of patients. Howev-
er, the included cases in this work were few, while 
the follow-up time was short, so further study is 
required for relevant conclusions later.
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