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Abstract. The purpose of this study was to analyze the safety 
and effectiveness of percutaneous radiofrequency ablation 
(RFA) in early stage renal cell carcinoma. A total of 76 patients 
suffering from early stage renal cell carcinoma were selected 
and randomly assigned into the observation group (41 cases) 
or the control group (35 cases). Percutaneous RFA was used 
in the observation group, while retroperitoneoscopic radical 
operation of renal cell carcinoma was used in the control 
group, and the operative effects were compared. In the obser-
vation group, operation time, blood loss during operation, 
length of stay and incidence rate of complications were lower 
than those in control group (P<0.05). For both groups, serum 
C‑reactive protein, interleukin‑6 and T lymphocyte counts 
at 1, 2 and 3 days after operation were all increased; however, 
the control group had significantly greater increase for all the 
time points (P<0.05). For total effective rates, tumour‑free 
survival times and survival rates, there were no statistically 
significant differences between the two groups (P>0.05). 
Percutaneous RFA has a reduced size of operation wound and 
a quick postoperative recovery time in the treatment of early 
stage renal cell carcinoma. It results in less inflammation and 
immunity‑based injuries in the body and achieves the same 
clinical outcomes as retroperitoneoscopic radical operation of 
renal cell carcinoma.

Introduction

As a common tumour observed in urinary surgery, the 
incidence rate of renal cell carcinoma accounts for 5% of 
carcinoma cases in adults and is increasing by 4% per year. In 
addition, its prevalence tends to be higher among young people 
relative to other forms of carcinoma (1). With the development 

of physical examination and imaging screening technology, the 
rates of early detection, treatment, and recovery of early stage 
renal cell carcinoma are improving. Surgical operation is the 
main treatment method for early stage renal cell carcinoma. 

Retroperitoneoscopic radical operation of renal cell carci-
noma has been established among micro‑invasive methods and 
its resection rate, survival rate, incidence rate of complications 
and recurrence rate are close to those of open operation (2,3). 
The development of radiofrequency ablation (RFA) has 
improved micro‑invasive treatment techniques of small renal 
cell carcinoma. With the guidance of CT, ultrasound, or MRI, 
and by laparoscopic or open approach, RFA is performed 
by inserting monopolar or cluster electrodes into tumour 
tissue. Heat generated from ions surrounding the electrode 
needle are transferred to adjacent tissues around the tumour 
to make tumour tissue dry and dehydrated, causing coagula-
tive necrosis. Therefore, rounded or spherical ablation areas 
are formed as a means to kill tumour tissues (4,5). RFA has 
shown good clinical outcomes for patients who are in middle 
and late stage renal cell carcinoma and cannot receive open 
operations or are limited to palliative treatment (6). Currently, 
there are few reports regarding RFA treatment on early stage 
small renal cell carcinoma and there has been no prospective 
study analysis.

Therefore, the aim of the present study was to analyze the 
safety and effectiveness of percutaneous RFA, in comparison 
to retroperitoneoscopic radical operation, in the treatment of 
early stage renal cell carcinoma.

Patients and methods

Patient data. A total of 76 cases of early stage renal cell carci-
noma that were diagnosed in Yidu Central Hospital of Weifang 
(Qingzhou, China) from January, 2011 to January, 2013 were 
selected for the study. Diagnoses were clinically confirmed 
through ultrasound, CT, intravenous urography and histo-
pathology examination. Inclusion criteria were: i) No renal 
vein, inferior vena cava or renal pedicle lymph node involve-
ment and no distant metastasis of the tumour; ii) diameter of 
solidary tumour of <4.0 cm; iii) clinical stage was classified 
as T1N0M0; iv) no abdominal infection or surgical history; 
and v) important organs, such as heart, lung and brain, were 
normal in routine examination before operation. Exclusion 
criteria were: i) Abnormal coagulation function; ii) abnormal 
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contralateral renal function; and iii) follow‑up materials were 
incomplete.

After reviewing protocol and risks with patients and their 
family members, we received informed and signed consent. 
Patients were then randomly assigned into either the observa-
tion group (41 cases) or the control group (35 cases). In the 
observation group, there were 27 males and 14 females, ages 
35‑69 years, and with an average age of 53.5±12.3 years. Their 
average tumour diameter was 2.73±0.85 cm. In the control 
group, there were 22 males and 13 females, aged 32‑67 years, 
and with an average age of 51.8±13.2 years. Their average 
tumour diameter was 2.54±0.80 cm. There were no statisti-
cally significant differences in the above factors between the 
two patient groups (P>0.05).

Study methods. Patients in the two groups were taken care of 
by the same operation and nursing team and all procedures 
were conducted based on standard medical procedures. For 
the observation group, ultrasound was used to guide percu-
taneous RFA treatment as follows: General anesthesia was 
administered with the patient in prone position. A radiofre-
quency probe was inserted under the guidance of ultrasound. 
RFA was then performed by passing the electrode through the 
tumour tissue, with routine biopsy. An open cold circulating 
pump and a radiofrequency generator were used to perform 
RFA for 1 cycle (12 min). The tissue temperature was set to 
remain elevated >60˚C after the treatment was stopped in 
order to ensure termination of tumour cells. Repeated points 
and frequencies of RFA were performed as necessary. For the 
control group, retroperitoneoscopic radical operation of renal 
cell carcinoma was performed, as follows: General anesthesia 
was administered with the patient's healthy side in lateral posi-
tion and the waist elevated. The first puncturing hole was at the 
costal margin of posterior axillary line. A self‑made balloon 
dilator was put through the incision to establish retroperitoneal 
space. The incision was extended at the costal margin of poste-
rior axillary line and then the tumour was excised accordingly. 

Resected kidney samples were put into self‑made specimen 
bags to be sent for testing.

Observation methods. i)  Operative conditions of the 
two groups were recorded and compared, including operation 
time, blood loss during operation, length of stay and incidence 
rate of complications after the operation. ii) Collection and 
comparison of serum C‑reactive protein (CRP), interleukin 
(IL)‑6 and T  lymphocyte count changes was done before 
the operation and 1, 2 and 3 days afterwards. iii) Response 
evaluation criteria in solid tumours was used to compare 
recent clinical effects between the two groups, including 
complete remission, partial remission, stable, and progress. 
iv) Follow‑up was carried out on the two groups to compare 
tumour‑free survival time and survival rate.

Statistical analysis. SPSS  22.0 statistical software (IBM 
SPSS, Armonk, NY, USA) was used for data processing 
and statistical analyses. Data were presented as mean values 
with  ±  standard deviation. Comparisons between groups 
were made using independent samples t‑tests and compari-
sons within one group at different time points were done by 
analysis of variance for repeated measures. Enumeration data 
were presented as cases or (%) and the comparison between 
groups was made using Chi‑square test. Comparison of 
ranked data was made using the Mann‑Whitney U test. The 
Kaplan‑Meier model was used to assess tumour‑free survival 
time and log‑rank test was used to assess survival distribution. 
For all tests, P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of operation conditions. In the observation group, 
operation time, blood loss during operation and length of stay 
were all lower than those in control group, with the differences 
each statistically significant (P<0.05, Table I).

Table I. Comparison of operation conditions between patients of the observation group (n=41) and the control group (n=35).

Groups	 Operation time (min)	 Blood loss during operation (ml)	 Length of stay (day)

Observation	 51.8±9.7	 12.8±4.7	   6.9±1.2
Control	 101.3±14.7	 117.5±32.8	 10.7±3.3
t‑test	   8.598	 18.329	 5.544
P‑value	 <0.001	 <0.001	 0.036

Table II. Comparison of incidence rates of operative complications [cases, (%)]

		  Acute renal		  Delayed		  Abdominal	 Total
Groups	 Cases	 failure	 Infection	 bleeding	 Seroperitoneum	 adhesion	 incidence rate

Observation	 41	 1	 0	 1	 1	 1	 4 (9.8)
Control	 35	 3	 1	 3	 1	 2	 10 (28.6)
χ2							       4.448
P‑value							       0.035
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Comparison of incidence rate of operative complications. The 
incidence rate of operative complications in the observation 
group was lower than that of the control group and the differ-
ence was statistically significant (P<0.05, Table II).

Comparison of serum CRP, IL‑6 and T lymphocyte counts. 
For both groups, serum CRP, IL‑6 and T lymphocyte counts 
on 1, 2 and 3 days after operation were all increased over time 
(P<0.05). However, counts from the control group all showed a 

Table III. Comparison of serum CRP, IL‑6 and T lymphocyte count between groups.

Groups	 Time	 CRP (mg/l)	 IL‑6 (ng/l)	 Lymphocyte count (x109/l)

Observation	 Before operation	 2.55±0.81	 1.83±0.25	 2.16±0.64
	 1 day after operation	 6.37±2.10	 5.42±1.42	 2.76±0.42
	 2 days after operation	 7.49±2.06	 6.67±1.85	 2.68±0.25
	 3 days after operation	 7.27±2.96	 6.31±1.16	 2.55±0.31
Control	 Before operation	 2.49±0.78	 1.76±0.33	 2.33±0.72
	 1 day after operation	 7.73±2.29	 6.30±1.48	 2.88±1.06
	 2 days after operation	 8.43±2.20	 7.44±1.96	 2.74±0.57
	 3 days after operation	 8.35±2.67	 7.22±1.84	 2.60±0.61

CRP, C‑reactive protein; IL, interleukin.

Table IV. Comparison of recent effects between patients in the two groups [cases, (%)].

Groups	 Cases	 CR	 PR	 SD	 PD	 Total effective rate

Observation	 41	   9 (22.0)	 21 (51.2)	 6 (14.6)	 5 (12.2)	 36 (87.8)
Control	 35	 14 (40.0)	 10 (28.6)	 7 (20.0)	 4 (11.4)	 31 (88.6)
χ2			   4.799			   0.000
P‑value			   0.187			   1.000

CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease.

Figure 1. Comparison of tumour‑free survival rates between the groups, over time. The blue line indicates the rate of the observation group (n=41) and the 
green line indicates the rate of the control group (n=35), with checks signifying patients censored during follow‑up.
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greater increase for all time points, compared to the observa-
tion group, and the differences were of statistical significance 
(P<0.05, Table III).

Comparison of recent effects between patients in the two groups. 
The differences in recent effects between patients of the two 
groups were of no statistical significance (P>0.05, Table IV).

Comparison of tumour‑free survival time and survival 
rate during follow‑up between the two groups. The median 
follow‑up time after operation for the two groups was 
4.8 years and there were no statistically significant differences 
in tumour‑free survival time (43.6 vs. 45.7 months, χ2=2.021, 
P=0.125;) and survival rate (88.6 (31/35) vs. 85.4% (35/41); 
χ2=0.005, P=0.943) between them (Fig. 1).

Discussion

It has been demonstrated by several studies (7,8) that RFA can 
be used as an effective alternative as a minimally invasive treat-
ment plan for localized tumours. It has been shown through 
cell staining techniques that, after RFA treatment, degenera-
tive necrosis occurs to proteins of organelles in tumour cells 
within a short period of time, even with no structural or 
morphological changes of the tumour cells (9). Compared with 
partial nephrectomy, RFA results in less hemorrhage during 
operation, reduced postoperative convalescence, and expedited 
recovery time. Furthermore, RFA does not require blockage of 
blood flow to the kidneys and there is no warm ischemia period, 
thereby having less influence on renal function and reduced 
risks of kidney loss (10,11). RFA of renal cell carcinoma was 
first performed laparoscopically and, with this as a basis, 
percutaneous RFA under ultrasound guidance is now used in 
the Yidu Central Hospital of Weifang and its application has 
achieved good clinical results. The result of the present study 
have shown that, in patients treated by RFA, operation time, 
blood loss during operation, length of stay and incidence rate 
of complications are lower than patients treated by established 
methods. For both groups of patients, serum CRP, IL‑6 and 
T lymphocyte counts on 1, 2 and 3 days after operation were 
all increaed over time. Furthermore, counts from the control 
group all showed a greater increase for all the time points. For 
total effective rates after operation, tumour‑free survival times 
and survival rates, differences between the two groups were of 
no statistical significance.

Clinical indication for treatment with RFA is diagnosis 
of a renal tumour with a diameter <4 cm (12). In this study, 
early stage renal cell carcinoma patients with dorsolateral 
ultrasound of middle and lower kidney showing a tumour with 
a diameter <4 cm were selected as study objects. Research has 
shown that there are different effects of RFA under different 
temperatures (13). The central part of the tumour is always the 
focus of RFA and the temperature must be controlled to >60˚C 
to enable accurate ablation and to realize tumour necrosis, and 
also to ensure that the physiological changes of the malignant 
tissue are irreversible. Whereas, changes of neighboring 
tissues are reversible when the temperature of healthy tissue 
is controlled to <60˚C. No adverse effects have been observed 
from RFA, as the effects on healthy, neighboring tissue are too 
weak to cause concern.

Currently, the intended target patient population for RFA 
treatment is relatively small (14), which limits the ability to 
accurately test for clinical effects of RFA. Limitations of this 
study are the relatively small sample size of and the brief dura-
tion of follow‑up time. Therefore, further research should be 
conducted on the safety and effectiveness of RFA to provide 
further clinical evidence.

Pathological reactions caused by a stress response to 
surgical operations, such as immunosuppression and metabolic 
disturbances, are related to tumour necrosis, nutritional status 
and prognosis to some degree (15,16). It has been widely shown 
that changes in serum CRP, IL‑6 and T lymphocyte counts in 
peripheral blood are indices of immune response after tumour 
operation (17,18). The results of this study have indicated that 
the above indices for the two groups of patients have increased 
following the operation, suggesting a stress response to the 
operative wound and tumour necrosis. However, the serum 
levels of the indices at time points following the operation in 
the control group were higher than those in the observation 
group, indicating that RFA has specific effects in alleviating 
postoperative inflammation and immune reaction. Further 
research is required regarding the relationship between treat-
ment effects, tumour‑free survival time and survival rate.

In conclusion, percutaneous RFA has advantages in treating 
early stage renal cell carcinoma, such as a reduced operative 
wound size, faster recovery times, and a reduced inflamma-
tory response. Furthermore, RFA achieves the same clinical 
outcomes as the retroperitoneoscopic radical operation of 
renal cell carcinoma. Therefore, results of this study support 
RFA being recommended in clinical applications against early 
stage renal cell carcinoma.
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