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Abstract: This study investigated the effect of radiofre-
quency hyperthermia combined with chemotherapy in 
the treatment of advanced ovarian cancer. 

Methods. Seventy-five patients with advanced ovarian 
cancer were grouped into observation  (n = 36) and control 
(n = 37) groups  according to different treatment methods. 
The age of the patients in the control  and the experimen-
tal groups were (55 + 11) and (53 + 12 ) years old, respec-
tively. The control group was received chemotherapy 
alone (paclitaxel + cisplatin chemotherapy), and on the 
basis of systemic chemotherapy, the observation group 
was administered therapy in conjunction with abdominal 
pelvic radiofrequency hyperthermia. 

Results. The tumor remission rate, ascites , serum CA125 
levels, pain control, quality of life enhancement, III+IV 
bone marrow suppression and improvement of gastroin-
testinal reaction in the observation group were better than 
those of the control group (all P< 0.05). 

Conclusion. Radiofrequency hyperthermia combined 
with chemotherapy in the treatment of advanced ovarian 
cancer has significantly improved the tumor remission 
rate, ascite control and CA125 levels, and substantially 
reduced the gastrointestinal reaction and bone marrow 
suppression rate, which is worthy of intensive clinical 
application.
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1  Introduction
Ovarian cancer is one of the most common malignant 
tumors of the female reproductive system, and it is the 
most common skin cancer [1]. Because of the special loca-
tion, complicated anatomy and function of the ovary, the 
onset is occult, and the early symptoms of the patient are 
atypical or not obvious, and the early diagnosis is very 
difficult [2-3]. Although carbohydrate antigen-125 (CA125) 
and human epididymis secretory protein 4 (HE4)  were 
already used for early diagnosis of ovarian cancer [4], 
which is highest in  mortality rate among all gynecologi-
cal tumors [5] .     About two thirds of ovarian cancer patients 
come to the hospital for advanced symptoms every year. 
After treatment, the condition has been improved, but 
the recurrence or metastasis of the tumor leads to the 
failure of most of the patients, resulting in death. Radi-
ofrequency hyperthermia, as a new therapy for cancer, 
cannot only kill the tumor but also damage the normal 
tissue by radiofrequency wave heating, and its treatment 
effect is obvious [6]. This study therefore set out to assess  
the curative effect of advanced ovarian cancer patients by 
radiofrequency hyperthermia combined with chemother-
apy regimens in 73 cases of ovarian cancer patients.

2  Materials and methods

2.1  General information

  A total of 73 patients with advanced ovarian cancer admit-
ted in our hospital from October 2013 to August 2015 were 
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divided into 37 groups, 36 cases in the control group 
and two cases in the experimental group. The age of the 
patients was (55 + 11) and (53 + 12) in the control  and the 
experimental groups, respectively. 

Pathological type (control/ experimental cases per 
each group, respectively): 

20/21 cases of serous adenocarcinoma,4/5 cases of 
mucinous adenocarcinoma, 3/2 cases of endometrial ade-
nocarcinoma, 3/4 cases of clear cell carcinoma, 5/3 cases 
of squamous cellcarcinoma and 2/1 cases of undifferenti-
ated carcinoma.

Clinical staging of ovarian carcinoma  (control / 
experimental groups, respectively): 9/8 cases of stage 
IIIA , 12/13 cases of stage IIIB, 16/15 cases of stage IV; KPS 
scores were >67.

Routine examination was normal in the two groups 
prior to beginning of the treatment. Furthermore, the 
general data of the experimental group and the control 
group were not significantly different (P>0.05).

Ethical approval: The research related to human 
use has been complied with all the relevant national 
regulations, institutional policies and in accordance the 
tenets of the Helsinki Declaration, and has been approved 
by the authors’ institutional review board or equivalent 
committee.

Informed consent: Informed consent has been 
obtained from all individuals included in this study.

2.2  Methods

Control group: Thirty seven patients served as  the control 
group was treated with routine chemotherapy only. The 
patients were treated with anti-allergic drugs to prevent 
allergic reactions in the course of chemotherapy before 
the application of chemotherapy drugs. Cisplatin (75 mg/
m2) and paclitaxel (135 mg/m2) were received over for 24 
h for 21 cycles of chemotherapy, with 6 courses of treat-
ment. Meanwhile, the patients in the control group were 
monitored closely for any changes in the rate of treatment 
and blood pressure to prevent the patients who are at a 
high risk of shock and even death due to abnormal blood 
pressure.

Experimental group: Patients with a variety of patho-
logically confirmed cancer were treated with radiofre-
quency hyperthermia and chemotherapy for 7 days, and 
then underwent hyperthermia chemotherapy for 3 days. 

Rotational program of hyperthermia and chemotherapy 
treatment were performed for 2-3 weeks. 

In this study, the SR1000 tumor radiofrequency 
hyperthermia apparatus (Xianke, Shenzhen, China) was 
adopted, and the non-contact treatment method was con-
ducted. The tissue was heated by radiofrequency wave, 
the temperature was set at (42.5-43.5), and the duration 
was 60-120 min.

In the course of the 8 cycles of treatment, each group 
received 1 curative evaluation after 2 cycles of treatment, 
6D / cycle [3]. The evaluation indexes of the experimental 
group and the control group were compared.

2.3  Assessment criteria

The composite of chemotherapy in patients with solid 
tumors was evaluated according to the changes of the 
tumor (30%), clinical symptoms (15%), physical condi-
tion (15%), and survival rate (40%), assigned a score of 
0-100 as follows:  invalid (<25), stable (25~49) and effec-
tive (50~75) and effective (>75) 4 grades, tumor remission 
rate, which equals to effective remission rate and effective 
remission rate.

Bone marrow suppression: it was divided into 4 
levels: I, IV, IV, and graded by evaluation of thrombocyto-
penia and decrease of wbc [8].

Gastrointestinal reaction: the reaction includes the 
following symptoms: constipation, diarrhea, vomiting, 
nausea and severe degree I ~ IV [8].

Results of CA125 biomarker for early detection [9] and 
pain control are divided into 3 categories. Reference WHO 
cancer leachate treatment standard was employed to 
divide the assessment for the improvement of the quality 
of life in ascites in combination with Karnofsky integral 
[10,11] standard (Table 1).

2.4  Statistical method 

All patients were followed up from the first treatment, and 
the survival rate was calculated by kaplan-meier method. 
Single-factor analysis was performed with the log-rank. 
All the data were analyzed by SPSS 16 software., Quali-
tative data were verified by Pearson’s chi-squared test (χ2) 
of statistics; A P- value of less than 0.05 was considered 
statistically significant.



 Efficacy of radiofrequency hyperthermia combined   85

3  Results

3.1  Comparison of the short-term curative 
effect between the experimental  and  control 
groups

Compared to the control group, the tumor control rate 
of ascites in the experimental group (combined chemo-
therapy), has been effectively alleviated, and CA125 level 
inspection indications have been significantly improved 
(P<0.05). 

3.2  Comparison of the toxicity and side 
effects of the experimental  and  control 
groups 

No significant differences in the nausea and vomiting, 
white blood cells (WBCs), serum creatinine and fatty indu-
ration were found between the two groups (Table 3). 

3.3  Comparison of pain control between the 
two groups

In this study, the Fisher exact probability method was used 
to verify the statistical significance (P<0.05) as shown in  
Table 4. There were 10 patients with pain control in the 

experimental group, accounting for 77.8%. The control 
group received 4 cases of pain control, accounting for 
54.1%. 

3.4  Comparison of the quality of life in the 
two groups

As presented in Table 5, the quality of life in the exper-
imental group was substantially improved in 24 cases, 
accounting for 66.7%, while the quality of life in the 
control group was significantly enhanced in 6 cases, con-
stituting 27.3% (P<0.05). 

3.5  Comparison of myelosuppression stages 
III and IV disease and gastrointestinal 
response levels between the two groups. 

The experimental group with substantial difference in 
the myelosuppression stages of disease (III + IV) and gas-
trointestinal reaction levels compared to the control one 
(P<0.05) (Table 5).

Mild scalds was occurred in local skin of 4 patients 
within the control group before heat treatment, but by 
wiping the area of the scalds with ointment and reducing 
the temperature properly, it was cured within a week.

Table 1: Evaluation form of CA125 test results.

Experimental  / control groups Effective / Very effective Improvement / Stability Invalid

CA125

Detection level of CA125 Decrease >50% or normal Rise <25% or <50% Elevation >50%

Duration (days) ≤ 4 Less than or equal to 4 -

Ascites

Ascite ratio before and after >1/2 - ≤1/2 or elevation

Duration (weeks) >4 - -

Life improvement

Score before treatment (score) >20 ≥10 and ≤ 19 <10

Pain symptom control

Taking a painkiller before treatment Greater than 1/3 >1/3 and <2/3 Greater than 2/3

Duration (days) ≥3 ≥3 -
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4  Discussion
The early diagnosis of ovarian cancer is difficult and 
the clinical symptoms of advanced stage are confirmed. 
The mortality rate is relatively high [12], meanwhile; the 
special anatomic location of the ovary leads to an increase 
in the probability of diffuse metastasis of the abdomen  
[13].

There are many ways to treat ovarian cancer; however, 
only a few methods are  effective. The overall efficiency is 
still no more than 30% [14], and the patients have a high 
recurrence rate within a period of time after operation. 
Intraperitoneal direct transfer is the main route [15], and 
the invasion of deep tissue is rare. The scheme of intra-
peritoneal thermal chemotherapy is very effective in 
killing cancer cells [16]. 

In recent years, it has become a new topic to investi-
gate a regimen that can effectively control ovarian cancer 
without  adverse effects to a certain extent during the 
treatment [17].

In this study, the experimental group was received 
radiofrequency hyperthermia combined with chemother-

apy, while the control group was treated by chemotherapy 
alone.

The patients in the experimental group have a higher  
tumor remission rate of ascites and examination index 
than those of the control group, and the toxicities of the 
pointer patients are lower than that of the control group.

Our results match those observed in earlier 
studies [18]. 

It has been reported that RF hyperthermia heating 
plays an important role in tumor therapy scheme,  promo-
tion of chemotherapy drugs and, inhibition of DNA repair 
[19] and  multidrug resistance P-glycoprotein expression, 
meanwhile, it can improve the efficacy of chemotherapy.

It has been reported that radiofrequency hyperther-
mia and other hyperthermia treatments play a significant 
role in tumor treatment, which is more obvious in promot-
ing addition reaction between chemotherapy drugs and 
cancer cell DNA. 

DNA repair is inhibited by addition reaction of cancer 
cell DNA, and increases the addition reaction to inhibit the 
expression of multidrug resistant p-glycoprotein. Thereby, 
chemotherapeutic efficacy of ovarian cancer patients has 
been improved [19].

Table 3: Toxicity and side effects of the experimental group in comparison with the control group.

Groups Cases Nausea and vomiting WBCs Serum creatinine Fatty induration

Experimental  group 36 30 14 5 4

Control group 37 28 11 7 0

Table 4: Pain control in the two groups. 

Groups Cases Significant effect Effective No effect

Experimental group 36 10 18 8

Control group 37 4 16 17

Table 2: The comparison of efficacy between traditional method (control group) and combined therapy (experimental group).

 Groups Cases Tumor alleviation Ascite regulation CA125 control

Experimental group 36 30 (83.3) 27 (75.0) 30 (83.3)

Control group 37 16 (43.2) 11 (29.7) 18 (48.6)

χ² - 12.58 14.98 9.75

P -value - <0.05 < 0.05 < 0.05
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In addition, a disorder of immune Th1/Th2 cytokines 
in the patients with ovarian cancer in peripheral blood 
leads to the immune escape of tumor cells [21] of the 
expression of  heat shock proteins in patients during radi-
ofrequency hyperthermia enhances the antitumor activity 

of chemotherapeutic drugs and elicits the immune sur-
veillance function.

5  Conclusion
Radiofrequency hyperthermia [22] as a new cancer treat-
ment, promotes the greater omentum to absorb drugs, 
improves the utilization rate of chemotherapy drugs. 
Moreover, it can effectively kill cancer cells in abdominal 
cavity [23,24]. Previous studies have found that cisplatin 
has synergistic effects with hyperthermia with no thresh-
old effect drug [6]. Its main target is DNA, which acts on 
DNA strand and intra-strand junction, forming DDP~DNA 
complex, interfering with DNA replication, or combining 
with nuclear protein and cytoplasmic protein. 

Hyperthermia hinders the repair of DNA damage 
induced by cisplatin and  improves the utilization rate of 
cisplatin.

The machine SR1000 tumor radio-frequency hyper-
thermia machine uses non-contact therapy to heat the 

Table 5: Quality of life in the two groups.

Groups Cases Significant effect Effective No effect

Experimental group 36 4 20 12

Control group 37 1 9 27

Table 6: Comparison of myelosuppression and gastrointestinal response between the two groups [case (%)]

Groups Cases Marrow suppression of grade III + IV Third or fourth degree gastrointestinal response

Experimental group 36 4 (11.1) 8 (22.2)

Control group 37 17 (45.9) 18 (48.6)

χ² - 10.81 5.56

P-value - <0.05 < 0.05

Survival rate:

Sample Survival rate Death rate

Control group 37 15 22

Case group 36 23* 13

Note :*Compared with the control group, P<0.05

Figure 1: Kaplan-Merier survival curve
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tissue to the temperature that can kill the tumor cells. 
It can kill the tumor cells without damaging the normal 
tissues. 

There were 4 cases of fatty induration in the experi-
mental group, accounting for 11.1%, which was lower than 
that of RF-8.

Radiofrequency hyperthermia combined with chemo-
therapy is more effective treatment and results in  vascular 
changes in the tumor tissue and temperature differences.

Normal tissue can tolerate high temperature for a 
long period of time 42.5-43.5 (safety limit is 45 - 1 DEG C), 
thereby killing tumor cells without affecting normal cells .

Hyperthermia does not cause adverse reactions, such 
as myelosuppression or alopecia. Since the number of 
samples collected in our hospital is smaller after group-
ing, the results of this clinical observation need to be 
further verified. It needs to be confirmed by large sample 
data in order to obtain more reliable indicators.

In summary, radiofrequency hyperthermia combined 
with chemotherapy is more effective chemotherapy in the 
treatment of patients with advanced ovarian cancer, con-
siders an alternative for anticancer drug resistance cases, 
increases the susceptibility of patients for  the treatment, 
and reduces the toxicity of patients and promotes the 
rehabilitation of patients, which is worthy of comprehen-
sive clinical application.
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