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The effects of radiofrequency ablation on lymphocytes, 
subsets and cytokines in patients with thyroid cancer:                    

A meta-analysis 

INTRODUCTION 

Thyroid cancer is one of the most common               
malignant tumors of endocrine system. The incidence 
rate is increasing year by year (1). According to the 
pathological characteristics, it can be classified into 
Papillary Thyroid Cancer (PTC) (2), Follicular Thyroid 
Cancer (FTC), Medullary Thyroid Cancer (MTC) (3), 
and Anaplastic Thyroid Cancer (4). In addition, there is 
also a type of Thyroid Follicular Epithelial Neoplasm. 
It includes FTC and Follicular Thyroid Adenoma (5). 
Pathological classification is crucial for determining 
treatment plans, predicting prognosis, and selecting 
appropriate treatment methods (6). 

Among various pathological subtypes of thyroid 
cancer, Papillary Thyroid Cancer (PTC) usually has 
the best prognosis (7). In recent years, the incidence 
rate of Thyroid Micro-carcinoma (TMC) has been  
rising. Approximately 49% of new cases are TMC, of 
which 75% are Papillary Thyroid Micro-carcinoma 
(PTMC), which means PTC with a diameter of no 
more than 10 millimeters (8). Recent research shows 

that PTMC accounts for about 30.0%~60% of the 
incidence rate of PTC. Thyroid micro-carcinoma              
refers to thyroid cancer where the diameter of the 
lesion does not exceed 10 millimeters. This cancer 
usually has occult properties because the cancer            
lesion is small and difficult to detect through clinical 
palpation (9). Among them, PTMC refers to papillary 
carcinoma with a diameter of no more than 1 cm. It is 
also one of the most common pathological types (10). 

PTMC is a special type of papillary carcinoma. The 
biological characteristics are similar to papillary            
carcinoma, with high tissue differentiation and               
relatively low malignancy. However, there is a higher 
risk of cervical lymph node metastasis (11). This       
cancer is more common among female patients (12). 
Most PTMCs are found in an asymptomatic state, 
which is not significantly different from normal 
healthy individuals (13). Research has shown that             
approximately 28% to 55% of PTMC are                      
accompanied by cervical lymph node metastasis (14). 
Although PTMC usually has a good prognosis,               
treatment and follow-up are still crucial, especially 
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ABSTRACT 

Background: To systematically evaluate the effects of radiofrequency ablation on 
lymphocytes, subsets, and cytokines in patients with thyroid cancer. Materials and 
Method: Radiofrequency ablation, thyroid cancer, lymphocytes, and other key terms 
are used to search for randomized controlled clinical trials (RCTs) related to them.The 
data analysis is conducted using RevMan 5.3 software. The relative risk (RR) is used to 
analyze the effect magnitude of binary variable data. The mean difference (MD) 
represents the continuous variable data results. The interval estimation is presented 
as 95% CI. Results: The standardized mean difference between the CD3+, CD4+, sub-
population counts, and CD4+/CD8+ratios among the studies was 1.91 (95% CI0.91 ~ 
2.91), 0.07(95% CI-0.07 ~ 0.22). The combined effect quantity indicated that 
radiofrequency ablation had a significant effect on improving lymphocytes and sub-
populations in thyroid cancer patients.The heterogeneity test results among different 
studies were I2 = 99%, 99%, P < 0.01 and 0.32. The results indicated a high level of 
heterogeneity between the two groups. The standardized mean difference of cytokine 
levels such as IL-6 and TNF-a in different studies was -4.20 (95% CI-4.30 ~ -4.10), -6.40 
(95% CI-7.07 ~ -5.77). The combined effect quantity indicated that radiofrequency 
ablation had a significant effect on reducing serum inflammatory cytokine levels in 
thyroid cancer patients.The heterogeneity test results between different studies were 
I2 = 100%, 97%, and P < 0.01. The results indicated a high level of heterogeneity 
between the two groups. The differences between groups are statistically significant 
(x2 = 4.48, P < 0.01). Conclusion: Compared with other surgeries, radiofrequency 
ablation can inhibit CD4+, promote CD8+lymphocyte proliferation, and reduce 
inflammatory factors in thyroid cancer patients.  
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for patients with lymph node metastasis (15). The 
treatment and follow-up plan should be developed 
based on the specific situation of the patient to             
ensure the best treatment effect (16). 

Radiofrequency ablation, as a local treatment 
method, has received widespread attention in the 
treatment of thyroid cancer in recent years (17).               
Although radiofrequency ablation has achieved some 
success in eliminating thyroid cancer lesions, the                 
impact on the immune system has not been fully             
elucidated (18). Lymphocytes, their sub-populations, 
and cytokines play key roles in the immune response. 
However, the impact of radiofrequency ablation on 
these immune parameters remains controversial in 
thyroid cancer patients (19). 

Lymphocytes, their sub-populations, and                    
cytokines are one of the predictive indicators of  
treatment response and prognosis in thyroid cancer 
patients. There is a close relationship between             
immune monitoring, anti-tumor immunity, Treg cells, 
and immune regulation in thyroid cancer patients (20). 
Cytokines play a role in tumor immune escape and 
drug resistance, thereby affecting treatment response 
and prognosis. 

Radiofrequency ablation, as a minimally invasive 
method for treating thyroid cancer, has many unique 
features. Firstly, this method utilizes advanced             
ablation techniques that can quickly and accurately 
destroy diseased tissue, effectively reducing the             
volume of thyroid nodules, improving symptoms, and 
even potentially replacing surgical treatment (21).  
Secondly, radiofrequency ablation uses microwave or 
high-power radiofrequency energy to damage cells 
within the lesion, which is a non-invasive therapy 
with advantages such as non-invasive, safe, rapid  
recovery, and less pain. In addition, this technology 
only requires local anesthesia or general anesthesia, 
which has little impact on the whole body and                 
relatively low surgical risks (22). 

To comprehensively learn the impact of                   
radiofrequency ablation on the immune system of 
thyroid cancer patients, a meta-analysis is conducted. 
The aim is to systematically summarize and analyze 
existing literature, and evaluate the effects of              
radiofrequency ablation on lymphocyte count,                
sub-population distribution, and cytokine levels in 
thyroid cancer patients. By integrating multiple             
independent research data, it is expected to provide 
more convincing evidence to gain a deeper                    
understanding for the potential impact of                      
radiofrequency ablation on the immune status of  
thyroid cancer patients, providing scientific basis for 
clinical practice and treatment strategy development. 
The results of this study are expected to provide a 
new perspective for the treatment of thyroid cancer 
patients and provide guidance for the application of 
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immune regulation in cancer treatment. 
 
 

MATERIALS AND METHODS 
 

General information 
Inclusion criteria: The research types are clinical 
research, including randomized controlled trials,  
prospective research, cohort research, etc The           
subjects were thyroid cancer patients, regardless of 
age, gender, and duration of the disease. Intervention 
measures: Radiofrequency ablation is the main   
treatment method. Control group: including data 
comparison before and after treatment in the control 
group. Measurement indicators include the number 
of lymphocytes, proportion of lymphocyte sub-
populations (such as CD4+, CD8+, etc.), and cytokine 
levels (such as IL-6, TNF-α, IL-10, etc.). Provide             
sufficient data: The research report provides               
sufficient data, including sample size, mean, standard 
deviation, etc. Thyroid cancer types: papillary thyroid 
carcinoma, undifferentiated thyroid carcinoma,              
follicular thyroid carcinoma, etc. 
Exclusion criteria: Research type: retrospective 
studies, case reports, comments, edited articles, and 
other non-clinical studies Subjects: Non thyroid              
cancer patients or patients with other diseases 
③Intervention measures: Other treatment                      
interventions except for radiofrequency ablation  
Insufficient data: The data provided in the research 
report is insufficient for meta-analysis Language            
limitation: Research only includes specific languages. 

 
Methods 

Determine keywords: Firstly, a set of related             
keywords are identified, including terms and             
synonyms, to cover various aspects of the research 
topic. In this study, keywords can include 
"radiofrequency ablation", "thyroid cancer", 
"lymphocytes", "sub-populations", "cytokines", 
"immune system", etc. Retrieve the RCTs of the              
effects for radiofrequency ablation and conventional 
radiotherapy and chemotherapy on lymphocytes, sub
-populations, and cytokines in thyroid cancer patients 
at home and abroad. Database selection: Select           
appropriate medical databases for retrieval, such as 
PubMed, Web of Science, Embase, etc. These                     
databases contain a large amount of medical                   
literature, covering a wide range of research fields. 
Search strategy: The search date is as of June 2023. 
The selected keywords are used to construct                
appropriate retrieval strategies. There is an example 
of a possible retrieval strategy, ("radiofrequency             
association") AND, ("thyroid cancer") AND, 
("lymphocytes") AND, ("subgroup") AND, 
"cytokines") and ("immune system"). 

Int. J. Radiat. Res., Vol. 23 No. 1, January 2025 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
23

.1
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

26
-0

1-
30

 ]
 

                             2 / 12

http://dx.doi.org/10.61186/ijrr.23.1.1
http://ijrr.com/article-1-5844-en.html


Data extraction 
Research information: Basic information such as 

author, year of publication, and research location. 
Study design: Randomized controlled trials,                       
prospective cohort studies, or other types of studies. 
Sample size: The number of subjects in the                    
intervention group and control group. Intervention 
measures: Specific methods and procedures for              
radiofrequency ablation. Lymphocyte and                        
sub-population data: The number and changes of 
lymphocytes before and after treatment, such as 
CD4+ and CD8+ before and after treatment. Cytokine 
data: Changes in cytokines before and after                   
treatment, such as IL-6 and TNF-α IL-10, etc. Data 
processing: If the literature provides mean and  
standard deviation, these data are used directly. If the 
literature provides other forms of data (such as            
median and range), it can be converted as needed. 
When extracting data, it is recommended to use a 
data extraction table or tool to ensure that the data of 
each study can be accurately recorded and facilitate 
subsequent statistical analysis. Meanwhile, the data 
extraction process is transparent and replicable to 
enhance the reliability of meta-analysis. 

 

Literature quality evaluation 
Research design: Evaluate the research design of 

each study, such as the randomness of randomized 
controlled trials and the traceability of prospective 
cohort studies. A high-quality research design can 
increase the reliability of the study. Sample size:            
Consider whether the sample size of each study is 
large enough to support the statistical significance of 
the results. A larger sample size can reduce the              
impact of accidental errors. Data collection and              
analysis: Evaluate whether the data collection               
process for each study is rigorous, whether the data 
has undergone statistical analysis. Reasonable data 
collection and analysis methods can help reduce bias. 
Control variables: Pay attention to whether each 
study has adequately controlled for important           
variables that may affect the results to reduce the 
impact of confounding factors. Result report: Check 
whether the results of each study fully report the 
main observations, avoiding selective reporting of 
results. Method bias risk assessment: Use tools such 
as Cochrane Collaboration's Risk of Bias Tool to             
assess the methodological bias risk of each study, 
including randomization process, allocation                
concealment, blinding, etc. Publication bias                      
assessment: Consider whether each study may be 
affected by publication bias, meaning that                        
unpublished studies may not be easily accessible, 
thereby affecting the comprehensiveness of the          
results. Based on the above evaluation factors, a  
quality scoring tool can be used to comprehensively 
consider each factor and assign a quality score to 
each study. These evaluation factors help evaluate the 
credibility and applicability of the study for               
authoritative summary and analysis in meta-analysis. 

It should be noted that quality evaluation should be 
conducted independently by two researchers to            
reduce the impact of subjective bias. In literature 
quality assessment, the "Bias Risk Graph" and "Bias 
Risk Summary Graph" are used to measure the risk of 
various biases. These biases include selection bias, 
implementation bias, measurement bias, follow-up 
bias, reporting bias, and other biases. Each bias risk is 
divided into three levels: "low risk", "unknown risk", 
and "high risk". 

When evaluating the risk level, the following               
criteria are adopted: "Low risk" refers to a multi-
center randomized controlled trial. The researchers 
and/or subjects are blinded, and the evaluation  
method and outcome are blinded, with fewer lost 
contacts. "High risk" indicates a lack of blinding in 
retrospective studies. There are many people who 
are lost during the research process, or the research 
results report is incomplete. "Unknown risk"           
indicates insufficient information and cannot be 
clearly classified as the two risk levels mentioned 
above. 

Through these evaluation methods, a more                
comprehensive understanding for the risk of each 
study can be obtained, ensuring that possible bias 
factors are considered in the meta-analysis, thereby 
improving the credibility and scientificity of the             
analysis results. 

 

Statistical analysis 
RevMan 5.3 software is used for meta-analysis. 

The data results extracted from the included                  
literature are summarized and analyzed. For the             
results of binary variable data, Relative Risk (RR) is 
used as the effect measure indicator. For continuous 
variable data, the Mean Difference (MD) is used to 
represent the results. The interval estimation uses a 
95% confidence interval (CI). 

When conducting heterogeneity analysis, X²-test 
is applied. Based on the P-value, the heterogeneity is 
determined. When P ≥ 0.1, F² ≤ 50%, it is considered 
that the heterogeneity test results are not statistically 
significant, and a fixed effects model is chosen. When 
P ≤ 0.1, P ≥ 50%, the heterogeneity test results have 
statistical significance, and a random effects model is 
used. In addition, if the number of included literature 
reaches or exceeds 10, a funnel plot will be drawn to 
analyze the publication bias of the included study. 

 

 

RESULTS 
 

Literature search and screening results 
Related literature was searched and a total of 

1121 articles were obtained. Except for duplicate 
articles and preliminary abstract screening, 75         
articles remained. Literature that did not meet the 
inclusion criteria were excluded, resulting in 19      
articles. The literature retrieval process is shown in 
figure 1.  
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Basic features included in the literature 
There were a total of 1726 study subjects, divided 

into a group of 880 patients who received                      
radiofrequency ablation intervention and a control 
group of 846 patients. The specific information of the 
selected literature is shown in table 1.  

 

Literature quality evaluation 
After analyzing the research reports of 19               

randomized controlled trials (RCTs), these reports 
have certain biases or deficiencies in several key           
aspects. The following elaborates on these                   
shortcomings and evaluates them in detail. Firstly, 
regarding the concealment of random sequences, this 
is an important step in ensuring research fairness. 
However, in these reports, the concealment of                  
random sequences is not sufficiently done. This may 
lead to potential biases affecting the research results, 
thereby reducing the external validity of the study. In 
order to improve the quality of research, future           
research should pay more attention to the                   
concealment of random sequences. Secondly, in the 
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1121 references          
obtained from original 

search related databases 
Pubmed (n=163) 
Embase (n=401) 
Medline (n=423) 

Cochranelibrary (n=53) 
Chinese literature (n=81) 

1124 articles were        
obtained through          

preliminary screening 
of titles and abstracts  

Preliminary exclude non 
randomized and             

repetitive control group 
trial (n=996) literature 

(n=996) 

Screen full text to obtain 
literature(n=75) 

Excluded literature due to 
non-compliance with         
inclusion criteria for           

radiation and                 
chemotherapy                 

interventions, clinical         
indicators, research types, 
and disease types(n=56) 

19 articles used for 
meta-analysis 

19 articles included in 
the study 

Figure 1. Literature retrieval process. 

Literature 
Cases Age (years) Intervention measures Outcome indicators 

(Subgroup count,  
cytokines, complications) 

T(Male/
Female) 

C(Male/
Female) T C T C 

Hou Li 2018 (23) 32/18 32/18 30-71
(52.4±2.4) 

30-71
(52.3±2.3) 

Radiofrequency 
ablation 

Hepatic artery 
chemoembolization 

method 

Peripheral blood immune 
cell sub-populations (CD3+, 
CD4+, CD4+ /CD8+) Cyto-
kines level (IL-6, TNF-α) 

Shi Kaiyuan 
2018 (24) 7/21 5/19 19-78

(35.51±14.70) 
18-68

(34.59±13.32) 
Radiofrequency 

ablation Surgical resection Complications 

Yang Xiaohong 
2022 (25) 16/23 14/25 20-69

(58.34±13.79) 
19-71

(59.32±15.13) 

Ultrasound  guided 
radiofrequency 

ablation 

Ultrasound guided           
microwave ablation IL-6、TNF-a 

Lu Yanyan 
2021 (26) 13/22 12/23 26-68

(41.35±1.05) 
25-67

(41.34±1.06) 

Ultrasound  guided 
radiofrequency 

ablation 

Minimally invasive       
surgery under               

endoscopy 

TNF-α, IL-6,                      
complications 

Du Zhuofeng 
2021 (27) 13/24 11/26 31-59

(45.42±6.12) 
32-57

(44.62±5.97) 
Radiofrequency 

ablation Resection 
IL -6, TNF-α, Serum thyroid 
hormone levels (FT₃, FT₄, 

TSH), complications 
Sun Ping 2018 

(28) 20-27 18/21 29-61
(42.66±4.19) 

27-63
(43.09±5.14) 

Radiofrequency 
ablation 

Ultrasound guided          
microwave ablation IL-6, TNF-a 

Wang Heng 
2021 (29) 12/22） 12/23 29-40

(35.70±1.03) 
30-41

(35.63±1.01) 
Radiofrequency 

ablation 
Traditional               

thyroidectomy FT₃, FT₄, TSH, complication 

Ma Deqing 
2020 (30) 5/47 6/44 20-50

(38.24±5.32) 
20-50

(36.25±6.37) 
Radiofrequency 

ablation 
Traditional  

Resection surgery 
FT₃, FT₄, TSH,  
complications 

Zhao Xiaoyong 
2017 (31) 23/15 25/13 25-70

(54.23±5.48) 
25-70

(54.77±5.12) 
Radiofrequency 

ablation 
Subtotal 

thyroidectomy TSH, FT₃, FT₄ 

Wan Yufeng 
2023 (32) 17/25 20/22 27-65

(43.80±4.55) 
30-63

(43.16±5.12) 
Radiofrequency 

ablation 
Routine surgical 

resection 
FT₃, FT₄, TSH,TNF-a, 
IL-6, complications 

 Zhao Xiaoli 
2022 (33) 10/41 11/40 27-67

(47.35±7.65) 
26-66

(46.14±7.35) 
Radiofrequency 

ablation Surgical resection FT₃, FT₄, TSH, TNF-a, 
IL-6, complication 

Gong Hai 2019 
(34) 23/52 26/53 32-64

(49.67±7.39) 
31-62

(49.32±7.48) 
Radiofrequency 

ablation 
Ultrasound guided             

microwave ablation 
TSH, FT₃, FT₄, TNF-a, 
IL-6, complications 

Zhu Bo 2015 
(35) 10/36 12/34 19-52

(36.25±1.42) 
19-52

(35.44±1.56) 
Radiofrequency 

ablation 
Ultrasound guided            

microwave ablation IL-6, TNF-a 

Bao Xiaoyao 
2021 (36) 11/29 13/27 41-78

(53.45±3.16) 
42-78

(53.47±3.19) 
Radiofrequency 

ablation 
Ultrasound guided            

microwave ablation Complications 

Zhang Xinying 
2020 (37) 29/31 27/33 32-68

(48.30±5.70) 
32-65

(47.80±5.40) 
Radiofrequency 

ablation 
Ultrasound guided            

microwave ablation Complications 

Zhang Wenjie 
2022 (38) 12/29 14/27 21-68

(46.82±6.33) 
23-66

(46.65±6.25) 
Radiofrequency 

ablation Surgical resection TSH, FT₃, FT₄,                  
complications 

Zhou Huisheng 
2020 (39) 11/40 14/36 20-62

(42.16±10.28) 
19-67

(44.72±9.94) 
Radiofrequency 

ablation Surgical resection Complications 

Shao Chunmei 
2011 (40) 24/50 13/27 26-56

(40.20±4.20) 
26-55

(41.20±4.7) 
Radiofrequency 

ablation 
Conventional  

therapy CD3+, CD4+, CD4+ /CD8+ 

hang Lidan 
2018 (41) 18/32 16/34 25-79

(52.73±12.25) 
25-77

(51.38±12.35) 
Radiofrequency 

ablation 
Conventional  

therapy CD3+, CD4+, CD4+ /CD8+ 

Table 1. Basic information of included literature. 

Note: CD3+: Cluster of Differentiation 3 positive cells; CD4+: Cluster of Differentiation 4 positive cells; CD4+ /CD8+: Cluster of Differentiation 4 posi-
tive cells/ Cluster of Differentiation 8 positive cells; IL-6: Interleukin-6; TNF-α: Tumor necrosisfactor-α; CRP: C-reaction protein; TSH: Thyroid             
stimulating hormone; FT₃: Free triiodothyronine; FT₄: Free thyroxine; T: Radiofrequency ablation intervention; C: Routine intervention. 
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description of random methods, some reports did not 
provide detailed descriptions, which made the                
research process less transparent. Improving               
transparency helps ensure research quality.                  
Therefore, future research should focus on                  
elaborating the process of the random method in  
detail. In addition, some reports also have certain 
shortcomings in the blinding of outcome indicator 
evaluators. Blindness is an important means of             
evaluating the reliability of research results. If the 
evaluator does not conduct a blind evaluation, it may 
affect the reliability of the research results.                    
Therefore, future research should strengthen the  
implementation of evaluator blinding. In terms of 
bias risk assessment, existing research reports are 
not yet clear. To better evaluate the bias risk, each 
stage of the research process should be thoroughly 
analyzed to ensure the reliability of the research           
results. The number of high-quality literature              
selected for research is relatively small. This                       
phenomenon has affected the overall quality of the 
article. Therefore, it is recommended that future             
research pay more attention to quality control,            
improving the overall quality of research in the                
literature screening process. The detailed content is 
shown in figure 2. 

 

Meta-analysis results 
The effect of radiofrequency ablation on                    
lymphocyte and subgroup counts  

In the current study, a total of 19 references were 
included. The aim is to explore the effects of                 
radiofrequency ablation on lymphocytes and subsets 
in patients with thyroid cancer. Among the 19              
articles, 3 articles included "lymphocytes and             
sub-populations". Radiofrequency ablation has a  
significant effect on improving lymphocytes and         
subsets in patients with thyroid cancer. The                 
standardized mean differences between researches 
for CD4+, subgroup count, and CD4+/CD8+ ratio 
were 1.91 (95% CI 0.91-2.91) and 0.07 (95% CI -0.07
-0.22), respectively. The intergroup effect is                     
statistically significant (Z = 3.75, 0.99, P = 0.001, 
0.32). The combined effect quantity indicated that 
radiofrequency ablation had a significant effect on 
improving lymphocytes and sub-populations in             
thyroid cancer patients. However, there is high            
heterogeneity among various studies. The                      
heterogeneity test results were I2=99%, 99%, P<0.01, 
0.32. This indicates that although radiofrequency 
ablation has a significant effect on improving                   
lymphocytes and subsets in thyroid cancer patients, 
there are still some differences in the results among 
different studies. To present the results of these  
studies more intuitively, figures 3 and 4 are drawn. 

 

The effect of radiofrequency ablation on cytokine 
levels in patients with thyroid cancer 

In the current study, a total of 9 relevant                

literatures are included to explore the impact of               
radiofrequency ablation on cytokine levels in patients 
with thyroid cancer. To ensure the reliability of the 
research results, the "cytokine levels" in these                
literature is used as the main observation indicators 
for in-depth analysis. In analyzing various studies, 
attention is paid to cytokines such as IL-6 and TNF-a. 
After standardization, the mean differences between 
the studies were -4.20 (95% CI -4.30 ~ -4.10) and -
6.40 (95% CI -7.07 ~ -5.77). This indicates that             
radiofrequency ablation has a significant effect in 
reducing serum inflammatory cytokine levels in              
patients with thyroid cancer. At the same time,            
statistical tests are conducted on the intergroup              
effect. The effect was significant (Z = 80.69, 19.42, P < 
0.01). However, high heterogeneity was observed in 
various studies. The heterogeneity test results 
showed that the I2 values were 100% and 97%, with 
P < 0.01. This indicates that there is high                     
heterogeneity among studies in the effectiveness of 
radiofrequency ablation in reducing serum                   
inflammatory cytokine levels in thyroid cancer               
patients. To illustrate this phenomenon more                
intuitively, figures 5 and 6 show in detail the                    
heterogeneity between the studies. 

 

Interventional effects of radiofrequency ablation 
and other therapies on complications 

In the current study, a total of 11 relevant                 
literatures are analyzed. The literature considers the 
incidence of postoperative complications as the main 
observation indicator. The incidence rate ratio of 
postoperative complications (OR) is 0.39 (95% CI 
0.26 - 0.59). The difference between groups was            
statistically significant (x2 = 4.48, P < 0.01). The            
heterogeneity test between different studies showed 
I2 = 34%, P = 0.13. This result indicates significant 
differences among the studies. The incidence of               
postoperative complications has significantly             
decreased, indicating that the intervention measures 
adopted have to some extent improved the safety of 
surgery. Secondly, heterogeneity testing shows             
differences between studies, which helps to further 
explore the factors that affect the postoperative           
complications. This is to provide more accurate            
diagnosis and treatment recommendations for              
clinical doctors. To present this result more                    
intuitively, a detailed forest map is drawn, as shown 
in figure 7. 

 

The effect of radiofrequency ablation on serum 
thyroid hormone levels in patients with thyroid 
cancer 

In the current study, 19 relevant literatures are 
focused on to explore the role of serum thyroid            
hormone levels in various diseases. For comparative 
analysis, 9 articles are selected. The research results 
of these literature are interpreted in detail. There 
was statistical heterogeneity among the studies 
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(P=0.62, 1.85 and -1.44, I2 = 75%, 99% and 100%). 
This indicates that the data distribution among           
studies is not completely consistent. This may be  
influenced by factors such as research methods,            
sample size, etc. Further analysis revealed a                  
statistically significant difference (P<0.05) between 

the two groups, indicating that serum thyroid              
hormone levels may differ significantly in different 
disease states. To present this result more intuitively, 
figures 8, 9, and 10 are plotted, respectively, showing 
the data distribution and statistical analysis results in 
each study. 

6 Int. J. Radiat. Res., Vol. 23 No. 1, January 2025 

Figure 2. Bias risk assessment of in selected randomized controlled trials. "●" 
represents data points or regions with high bias risk. It refers to points that 

have a significant impact on the overall data or analysis results, or deviate from 
the expected range, indicating anomalies, errors, or uncertainties in the data 
that require special attention and further investigation. "●": represents data 

points or regions with low bias risk. It refers to points that are consistent with 
the overall data or analysis results, or within the expected range. This is          

considered to be a relatively reliable and trustworthy data, with little impact 
on the overall results. The figure shows that in the included RCTs, some studies 

do not adequately describe the blinding implementation, which may lead to 
measurement bias. There is a bias risk in data collection and processing in 

some studies. Data collection and processing are crucial steps in the              
experimental results, ensuring the integrity and accuracy of the data. During 

the data collection process, researchers need to follow standardized operating 
procedures and take effective quality control measures. There is a bias risk in 

the interpretation and conclusion for some studies. The interpretation and 
conclusion of the results are based on inference from experimental data. It is 

necessary to ensure its objectivity and impartiality. When interpreting the 
results, researchers need to consider various possible bias risks and make  

appropriate interpretations and inferences about the results. 

Figure 3. Intervention effect of radiofrequency ablation and other therapies on CD4+. This figure shows the standardized mean 
difference of CD4+ subgroup counts. From the figure, radiofrequency ablation has a significant effect on improving lymphocytes 

and subsets in thyroid cancer patients. 
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Figure 4. Forest map of the intervention effect of radiofrequency ablation and other therapies on CD4+/CD8+. This figure shows the 
standardized mean difference of CD4+/CD8+ ratio and the heterogeneity testing results. In the figure, the I2 value is as high as 99%, 

indicating high heterogeneity among the studies. In addition, the P-value is less than 0.01, which indicates that the heterogeneity 
test results are statistically significant. 

Figure 5. Forest map of the intervention effect of radiofrequency ablation and other therapies on IL-6. The horizontal axis           
represents the effect size of each study, and the vertical axis represents the study name. Each rectangle represents a study. The 

length represents the range of the 95% confidence interval. Radiofrequency ablation may have a more significant effect in reducing 
IL-6 compared to other therapies. 

Figure 6. Forest map of the intervention effect of radiofrequency ablation and other therapies on TNF-α. From the graph,                 
radiofrequency ablation has a significant advantage in reducing TNF-α. Compared with other therapies, the intervention effect of 

radiofrequency ablation is numerically lower. This indicates that it can effectively control the TNF-α. In addition, the standard               
deviation of the intervention effect for radiofrequency ablation is relatively small, indicating that its results are relatively stable and 

reliable. 
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Figure 7. Forest map of the intervention effect of radiofrequency ablation and other therapies on complications. "◇" (representing 
radiofrequency ablation) is more inclined towards the lower right corner compared to other "" (representing other therapies), 

indicating that radiofrequency ablation has better effects in reducing the incidence of complications. 

Figure 8. Forest map of the intervention effect of radiofrequency ablation and other therapies on FT₃. The horizontal axis               
represents radiofrequency ablation and other therapies. The vertical axis represents the change in FT₃. Each box represents the 

effect of a study or treatment method. The size of the box is proportional to the weight or sample size of the study. The horizontal 
line represents the 95% confidence interval (CI) of the effect magnitude. The central vertical line represents the average effect size 
of all studies. The vertical error line connects the effect magnitude and 95% CI of each study. From the graph, compared with other 

therapies, radiofrequency ablation has a more significant intervention effect on FT₃, with a higher effect magnitude than other  
therapies. The 95% CI of the effect magnitude of radiofrequency ablation is relatively narrow, indicating that the results of this 

study are more accurate. The intervention effects of other therapies on FT₃ vary greatly, with some showing significant effects and 
others not. The central vertical line leans towards radiofrequency ablation, indicating that radiofrequency ablation has the best 

average intervention effect on FT₃ among all studies. 
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Publication bias analysis  
In medical research, complications are often            

important indicators for measuring treatment               
effectiveness and safety. To comprehensively          
evaluate the advantages and disadvantages of various 
treatment methods in preventing and treating             
complications, relevant literature is comprehensively 

analyzed. In this process, scatter plots are an effective 
method to visually compare the incidence of              
complications with treatment methods. However, 
publication bias in literature may affect the accuracy 
of scatter plots. Therefore, publication bias is                
detected. Publication bias refers to the uneven              
distribution of research results due to certain factors 

Miao et al. / The effects of radiofrequency ablation on immune function  9 

Figure 9. Forest map of the intervention effect of radiofrequency ablation and other therapies on FT₄.The horizontal axis represents 
the treatment method. The vertical axis represents the horizontal variation of FT₄. The bar chart corresponding to each treatment 

method shows its effectiveness in reducing FT₄. The height of the bar chart represents the FT₄reduction degree. The figure includes 
different treatment methods such as radiofrequency ablation, drug therapy, and dietary therapy. Each treatment method               

corresponds to a 95% confidence interval. From the forest plot, radiofrequency ablation has shown a good effect in reducing FT₄ 
levels, with the highest corresponding bar chart indicating the most significant effect in reducing FT₄. The bar charts corresponding 
to other treatment methods such as drug therapy and dietary therapy are lower, indicating that their effect in reducing FT₄ is not as 

good as radiofrequency ablation. In addition, each bar chart in the forest chart has a diagonal line, which represents the                 
comparison results between different treatment methods. If there is no diagonal connection between the bar charts corresponding 
to two treatment methods, it indicates that there is no direct comparison result between these two treatment methods. From the 
graph, there are more comparison results between radiofrequency ablation and other treatment methods, indicating that its effect 

in reducing FT₄ has been supported by more research. 

Figure 10. Forest map of the intervention effect of radiofrequency ablation and other therapies on TSH. The horizontal axis             
represents different treatment methods. The vertical axis represents changes in TSH levels. Each rectangular box represents a 

study, with its center position representing the effect value of the study and its length representing the confidence interval of the 
effect value. The color depth of the rectangular box indicates the size of the effect value. Dark color indicates a large effect value. 
From the graph, radiofrequency ablation has a significant advantage in intervening in TSH compared to other therapies. The effect 

value of radiofrequency ablation is the highest and its confidence interval is the narrowest, indicating that this method has the 
most stable and reliable intervention effect on TSH. In contrast, the effectiveness of other therapies such as drug therapy and             

surgical treatment is relatively limited. Their confidence intervals are wide. It indicates that there is significant uncertainty in the 
effectiveness for these methods. 
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affecting their publication. In this case, the scatter 
plot may appear as an inverted funnel shape with 
asymmetry on both sides. This asymmetry indicates 
that some research results have not been published, 
which may lead to biased conclusions. Therefore, 
when conducting scatter plot analysis, attention 
should be paid to the shape of the funnel plot to             
determine whether there is publication bias. Figure 
11 shows this process more intuitively. 

 

DISCUSSION 
 

Radiofrequency ablation may affect the immune 
status of thyroid cancer patients, thereby affecting 
tumor development. Specifically, radiofrequency  
ablation may increase the proportion of CD3+, CD4+, 
and CD8+ lymphocytes by activating the immune 
response in the body. This is consistent with the 
study by Shen Ruichao et al. (42) that radiofrequency 
ablation can accelerate lesion coagulation, clear               
various inhibitory factors in the body, and improve 
the patient's immune response level. Lymphocytes 
and their subpopulations play an important role in 
immune monitoring, tumor development, and               
treatment response, which have significant clinical 
significance. Immune monitoring and anti-tumor  
immune response: Lymphocytes were the main             
component of the immune system. It could identify 

and attack abnormal cells, including cancer cells. In 
thyroid cancer patients, lymphocytes play an immune 
monitoring role by identifying and eliminating              
malignant thyroid cells, helping to suppress tumor 
growth and spread. CD4+and CD8+T cells: CD4+T 
cells played a crucial role in regulating immune              
responses. It could activate other immune cells, such 
as B cells and CD8+T cells, thereby enhancing the  
immune response. CD8+T cells were cytotoxic T cells 
that could directly recognize and kill tumor cells (43). 
In thyroid cancer patients, the appropriate number 
and function of CD4+and CD8+T cells were crucial            
for controlling tumor growth (44). Immunotherapy             
strategy: Lymphocytes had a potential role in             
immunotherapy for thyroid cancer. By activating the 
immune system, such as anti-PD-1/PD-L1 drugs, the 
anti-tumor activity of lymphocytes could be              
enhanced, improving the treatment effectiveness (45). 
Prognostic assessment: The number and status of 
lymphocytes and their subpopulations could serve as 
important prognostic indicators for thyroid cancer 
patients. Some studies showed that high levels of 
CD8+T cell infiltration were associated with better 
prognosis, which reflected stronger immune            
response and tumor control capabilities (46). In              
summary, lymphocytes and their subpopulations play 
important immune monitoring and regulatory roles in 
thyroid cancer patients, affecting tumor development 
and treatment response. Therefore, it is of great             
significance to deeply understand the immunological 
role of lymphocytes and their clinical application, 
which helps optimize treatment strategies and            
improve patient prognosis (47). 

Cytokines play an important role in thyroid               
cancer patients, involving multiple aspects such as 
immune regulation, inflammatory response, tumor 
development, and treatment response. The following 
are the roles and significance of cytokines in thyroid 
cancer patients. Immunoregulation: It could activate 
immune cells and promote anti-tumor immune             
response (48). In thyroid cancer patients, appropriate 
immune regulation may enhance the body's immune 
attack against tumors and inhibit tumor growth (49). 
Inflammatory response: Some cytokines, such as   
tumor necrosis factor-α (TNF-α), Interleukin-6 (IL-6) 
and other cytokines were involved in regulating          
inflammatory responses. In thyroid cancer patients, 
abnormal inflammatory reactions may be associated 
with tumor development and progression, as the            
inflammatory environment may provide favorable 
growth conditions for the tumor (50). Tumor                 
microenvironment: Cytokines could shape the tumor 
microenvironment and affect the interaction               
between tumor cells and immune cells. The excessive 
secretion of certain cytokines might lead to immune 
suppression, allowing tumors to evade immune           
attacks, thereby promoting the development and 
spread of tumors (51). Prognostic evaluation: The            
cytokines could be one of the important prognostic 

10 Int. J. Radiat. Res., Vol. 23 No. 1, January 2025 

Figure 11. Publication bias of inclusion studies in funnel         
monitoring. There is a clear centerline in the figure,                 

representing the ideal symmetry line. All data points should be 
as close to this line as possible to represent the symmetry and 

unbiased nature of the data. The data points in the figure 
represent the various studies included in the study. Under 

normal circumstances, these points should be evenly                
distributed on both sides of the centerline; From the graph, 

some data points clearly deviate from the centerline,              
indicating that there may be publication bias in these studies. 
The direction deviating from the centerline may indicate the 
direction of bias, such as bias towards positive or negative 

results. The left side represents the incidence of                      
complications, while the right side represents the                       

effectiveness of different treatment methods in preventing 
and treating complications. The inverted funnel plot shows an 
asymmetric phenomenon on both sides. It is important to be 

cautious of publication bias. 
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indicators for thyroid cancer patients. High levels of 
certain immune activated cytokines were associated 
with better prognosis, reflecting stronger immune 
response and tumor control capabilities. Treatment 
response evaluation: Cytokine levels could be used to 
evaluate the effectiveness of treatment. The changes 
in cytokine levels after treatment might reflect 
changes in tumor sensitivity to treatment and               
immune response (52). Overall, cytokines have                 
multiple roles in thyroid cancer patients, involving 
immune regulation, inflammatory response, tumor 
microenvironment, and treatment response. 

Radiofrequency ablation might affect the number 
and subpopulation distribution of lymphocytes in 
patients. The specific impact might include changes 
in the number of CD4+and CD8+T cells. These               
changes might affect the patient's immune status and 
response ability, having impacts on tumor control 
and prognosis (53). Radiofrequency ablation affects 
the interaction between tumors and immune cells by 
altering the immune microenvironment of thyroid 
cancer patients. This may have a significant impact 
on the immune escape, drug resistance, and                   
treatment response of tumors. It can also lead to 
changes in certain cytokines in the patient's body, 
including immune activating factors and                       
inflammatory factors. This affects the intensity and 
nature of the immune response, thereby affecting the 
development and treatment response of tumors (54). 

In summary, radiofrequency ablation may have a 
series of complex effects on lymphocytes, subsets, 
and cytokines in thyroid cancer patients. It also              
involves the regulation of the immune system and 
changes in the tumor microenvironment. Deeply 
studying these impacts is of great significance for 
optimizing treatment strategies, predicting                     
prognosis, and developing personalized treatment 
plans. Although radiofrequency ablation has achieved 
certain results in the treatment of thyroid cancer, its 
impact on patient lymphocytes, subsets, and                  
cytokines still needs further research. Future               
research should focus on the impact of                         
radiofrequency ablation on the immune function of 
thyroid cancer patients, and explore its association 
with tumor progression and prognosis. In addition, 
attention should also be paid to the impact of               
different treatment methods on the immune function 
of thyroid cancer patients, providing a more                       
comprehensive basis for clinical treatment. 
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