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Abstract 

Background: 

Limited information is available on impact of radiofrequency ablation (RFA) and 

surgery resection (SR) on the quality of life (QoL) of patients with unifocal T1N0M0 

PTC. 

Purpose: This study is to compare the QoL of RFA and SR for unifocal T1N0M0 

PTC. 

Methods: This retrospective study was conducted in a single center. A retrospective 

data analysis was conducted on patients treated with RFA or SR for T1N0M0 PTC 

between March 2018 and March 2023. Propensity score matching (PSM) was 

employed to create comparable groups. The primary outcomes were the disease 

progression (pathologically confirmed local tumor progression, new tumors or LNM, 
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distant metastasis identified using CT, and PTC-related mortality) and QOL. The 

36-item short form health survey (SF-36) and Thyroid Cancer-Specific Quality of Life 

Questionnaire (THYCA-QoL) were completed by patients to evaluate their QoL 

scores.  

Results: A total of 265 patients underwent RFA, and 325 underwent surgery. After 

propensity score matching, 300 patients were ultimately included, with 150 in each 

group. The technical success rate was 100% for both groups. According to the SF-36 , 

PTC patients in Mainland China experienced impaired general QoL. In the two years 

following treatment, the QoL scores for the RFA and SR groups reached a level 

similar to that of the reference population. These improvements persisted 5 years 

post-operation. THYCA-QoL showed that the “problems with scarring” and 

“psychological” scale scores of patients in the RFA group were lower than in the SR 

group.  

Conclusion: Our study suggests that RFA provides better cosmetic, and HRQoL 

outcomes for T1N0M0 PTC patients. 

Keywords: Papillary thyroid carcinoma, radiofrequency ablation, surgery, quality of 

life  

Introduction 

Thyroid cancer ranked 9th in cancer incidence in 2020 worldwide
[1]

. Papillary 

thyroid carcinoma (PTC) is the most common subtype of thyroid carcinoma, 

accounting for 80–90% of all thyroid malignancies
[2]

. Among these, T1 tumors (≤2 

cm in maximal diameter) without clinically apparent lymph node metastasis (LNM) 

or distant metastasis (T1N0M0) are commonly associated with indolent behavior and 

excellent prognosis
[3]

. T1 tumors are classified into T1a (largest diameter, ≤1.0 cm) 

and T1b (largest diameter, >1.0 cm and ≤2.0 cm)
[4]

. However, both groups exhibit 

similar disease progression and invasive management strategies
[5]

. Active surveillance 

(AS) is mentioned in the 2015 ATA guidelines for very low-risk PTC. However, the 

indications and contraindications are not very clear. Some people may develop 

anxiety during the active surveillance process
[6; 7]

. Current, surgical intervention is the 
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primary treatment for T1N0M0 PTC, with thyroid lobectomy rather than total 

thyroidectomy as the first-line surgical approach
[5]

. However, the risks associated with 

general anesthesia, surgical complications, neck scars, and the need for thyroid 

hormone supplementation may negatively impact a patient’s quality of life (QoL)
[8; 9; 

10]
.  

According to joint guidelines published in the European Thyroid Journal, 

thermal ablation may be considered for patients with low-risk PTC, particularly if 

they are at surgical risk, unwilling to undergo surgery or active surveillance
[11]

. 

Numerous studies have investigated the efficacy and safety of RFA in PTC, 

demonstrating its high feasibility, favorable tumor resolution rates, effective local 

disease management, and minimal complications
[12; 13; 14; 15; 16; 17]

. Furthermore, 

several meta-analyses have shown that thermal ablation, when compared to surgery, 

offers comparable QoL outcomes and non-inferior prognoses, all at a reduced cost
[18; 

19; 20; 21]
. Despite these encouraging results, the comparison of QoL between thermal 

ablation and surgery remains controversial, because long‐term follow‐up data from a 

large cohort are unavailable. A recent prospective study showed RFA exhibited similar 

cancer control outcomes and superior Qol on par with surgery, however, the follow‐up 

period was only 12 months
[22]

. 

Therefore, This study aimed to provide long-term data comparing the QoL 

between RFA and SR for T1N0M0 PTC, with follow-up extending up to five years. 

Patients and Methods 

Patients 

We conducted a retrospective review of all patients with PTC who underwent 

RFA or SR between March 2018 and March 2023 at Gansu Provincial Hospital. The 

study was approved by the Ethics Committee of the Gansu Provincial Hospital(NO: 

2024-373), and the subjects gave their informed consent for participation. All methods 

were performed in accordance with the relevant guidelines and regulations. 

The control population for the SF-36 comparison was obtained from published 

normative data representing an age- and sex-matched general Chinese population. The 
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target population was patients who had undergone US-guided RFA or SR to manage 

T1N0M0 PTC at Gansu Provincial Hospital. Patients with PTC were recommended 

both SR and RFA, the definitive treatment modality was “self-selecting” after a full 

explanation of the differences between two procedures. Patients were incorporated 

into our study if they met the following criteria: (1) PTC confirmed by US-guided 

biopsy; (2) a solitary tumor with a maximum diameter of 2 cm or less; (3) no clinical 

or imaging evidence of extrathyroidal extension, lymph node metastasis(LNM), and 

distant metastases on the US, and neck and chest CT
[23]

; (4) surgical intervention 

typically involves thyroid lobectomy rather than total thyroidectomy; and (5) patients 

without any history of neck irradiation. Patients with multiple PTC or insufficient 

follow-up of less than 6 months were excluded. Further, patients with major 

comorbidities that suspected to have a substantial HRQoL impact (e.g. malignant 

tumors, chronic obstructive pulmonary disease(COPD), congestive heart failure) were 

also excluded. Patients agreed to complete QoL questionnaires electronically. Figure 

1. 

US‑guided RFA procedure 

US-guided RFA was performed using a LOGIQ E9 system (GE HealthCare, 

Chicago, IL, USA) with a 6 to 15-MHz linear array probe. A 17-gauge RFA electrode 

with a 0.5- or 0.7-cm active tip (Cooltip Radiofrequency Ablation System, Covidien, 

Dublin, Ireland) was used for RFA. RFA procedure was performed by the same 

sonographer (Z Zhou.) with >12 years of experience in thermal ablation treatment of 

thyroid nodules.  

Before RFA, the needle-tract route was determined using US or CEUS and two 

different needle-tract routes. Prior to RFA, the relationship between the tumour and 

critical cervical structures was carefully evaluated to locate the most appropriate 

puncture site. After that, local anaesthesia with 1% lidocaine was administered. 

Sterilized water was continuously injected between the peripheral nodule area and 

surrounding critical structure during the ablation to ensure a safe distance of at least 5 

mm that could prevent thermal injury of adjacent structures. Ablation was performed 

layer by layer, following the “from far to near” or “from deep to shallow” principle 
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[24]
. The power was set from 30 W to 70 W depending on the size of the active tip. 

Ablation was terminated after the hyperechoic zone covered the entire tumor and 

extended at least 2 mm beyond the original margin. Contrast-enhanced ultrasound 

(CEUS) was performed immediately after ablation to evaluate its effectiveness. If any 

residual enhancement areas were detected or the safety margin was inadequate, 

complementary ablation was immediately performed to ensure comprehensive 

treatment. 

Surgery Procedure 

For SR patients, all the operations were carried out by general surgeons with 10 

years’ clinical experience under general anesthesia, and the surgical strategies 

followed the American Thyroid Association Management guidelines
[5]

 .  

HRQoL Questionnaires 

For HRQoL assessment generic QoL questionnaire RAND SF-36 were used 
[25; 

26]
. The tool consists of 36 questions, concerning two main components: Physical 

Component Summary (PCS), which reflects, in its turn, the mean score of four 

domains—physical functioning (PF), role physical functioning (RPF), bodily pain 

(BP) and general health (GH), and Mental Component Summary (MCS), which is 

compiled from the mean score of other four domains—vitality (VT), social 

functioning (SF), role emotional functioning (REF) and mental health (MH). After the 

transforming of the raw data into scaling QoL scores, the results are ranged from 0 to 

100 scores for each of the eight scales. The higher the SF-36 questionnaire score, the 

better the HRQoL.  

Thyroid Cancer-Specific Quality of Life Questionnaire (THYCA-QoL) was used 

to assess the thyroid-specific symptoms resulting from the thyroid cancer itself or its 

treatment
[27; 28]

. The questionnaire consists of 24 items, with a time frame of the 

previous week and each item is scored on a four-point response scale ranging from 1, 

‘not at all’ to 4, ‘very much’. The THYCA-QoL consists of seven symptom scales 

(neuromuscular, voice, concentration, sympathetic, throat/mouth, psychological and 

sensory problems) and six single items (problems with scar, felt chilly, tingling 
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hands/feet, gained weight, headaches, interest in sex) Scores were linear transformed 

to a 0–100 scale. A higher score on this scale means worse HRQoL. 

Outcome measurements 

This study defined technical success as complete non-enhancement on CEUS 

and hyperechogenicity on grayscale US of the target tumor immediately after ablation 

according to the planned procedure
[29]

. The primary outcomes were the disease 

progression (pathologically confirmed local tumor progression, new tumors or LNM, 

distant metastasis identified using CT, and PTC-related mortality) and QOL. Local 

tumor progression was defined as the appearance of a PTC lesion at the edge of the 

ablation zone, and a new tumor was defined as a PTC lesion emerging in a previously 

uninvolved thyroid region and not due to lymph node metastasis. Secondary outcomes 

included changes in ablation zone size, and complication rates. Complications were 

defined according to the criteria of the Society of Interventional Radiology
[30; 31]

. 

Permanent RLN injury was characterized by hoarseness lasting for over 6 months 

post-ablation and confirmed vocal cord paralysis on laryngoscopy. 

Patients filled out the questionnaires including Thyroid Cancer–Specific Quality 

of Life Questionnaire (THYCA-QoL)
[27; 28]

 and Short Form-36 Health Survey (SF-36) 

[25; 26]
 several times – upon admission to the hospital. At the admission to the hospital 

patients filled out paper versions of the questionnaires. During the follow-up 

questionnaires were completed electronically– the research staff contacted patients by 

WeChat or email in accordance with study time-points. 

Statistical Analysis 

To reduce the probability of selection bias, propensity score matching (PSM) was 

performed. Propensity scores were estimated using a logistic regression model that 

included age, sex, marriage, education, employment status, place to live, family 

history and T classification. Patients in the RFA group were matched to those in the 

SR group (1:1), with the nearest neighbor estimated propensity score within a range of 

0.02 standard deviation. After PSM, there was no statistically significant difference in 

baseline QoL between the two groups (all P<0.001). 
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All statistical analyses were performed using the Statistical Package for the 

Social Sciences software for Windows 22.0 (SPSS Inc., Chicago, Illinois). Continuous 

data are presented as means ± SDs if the data fit a normal distribution or as medians 

with 25%–75% IQRs if the data did not fit a normal distribution. Categorical variables 

are presented as frequencies (percentages). Continuous variables were compared by 

using the independent t-test or Wilcoxon rank-sum test between the two groups. 

Qualitative variables were analyzed using Chi-square test or Fisher’s exact test. 

Comparisons between preoperative and postoperative values and between PTC 

patients and the general China population (SF-36 scores) were performed using the 

one sample t-test. All tests were two sided, with P < 0.05 considered to indicate a 

statistically significant difference.  

Results 

Patient characteristics 

A total of 265 patients underwent RFA, and 325 underwent SR. After propensity score 

matching, 300 patients were ultimately included, with 150 in each group. Their ages 

RFA group ranged from 23 years to 74 years (mean, 41.2 ± 12.4 years) and 85.3% 

were females. SR group ranged from 28 years to 71 years (mean, 44.1 ± 11.5 years) 

and 77.3% were females. The median follow-up for the RFA group was 38 (28–60) 

months and for the SR group 39(30–61) months. In total, 95% of patients reached the 

2-year follow-up, and 65% reached 5 years. The follow-up duration was comparable 

between the RFA and surgery groups (P = 0.85). The detailed clinical features of the 

patients are shown in Table 1. 

Disease progression  

Complete ablation was achieved in 150 patients in a single session. In the SR 

group, all 150 patients with PTCs underwent successful unilateral SR during a single 

procedure. The technical success rate was 100% for both groups. There was a 

significant reduction in the maximum diameter from the third month post-RFA, 

compared with pre-RFA measurements. The cumulative complete disappearance rates 

at 1, 3, and 5 years were 20.8.0%, 90.2%, and 97.5%, respectively. No major 
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complications occurred in the RFA groups; however, three complications were 

reported in the surgery group ( hoarse voice: n=1; hematoma: n=1; surgical site 

infection: n=1). All patient recovered 4 month after surgery. In the SR group, the rate 

of thyroid hormone replacement therapy after SR was 22.7% (34 of 150 patients) ; 

however, none of the patients in the RFA group required thyroid hormone replacement 

therapy. 

At the end of the follow-up period, this study documented five instances of 

disease progression: four cases of new tumor occurrence three years post-operation 

(two in the RFA group and two in the SR group) and one case of local tumor 

progression 10 months post-RFA. No distant metastasis or LNM and disease-related 

fatalities were observed in all patients. All cases were validated using FNA and 

subsequently treated with additional RFA. Notably, no further disease progression was 

noted up to the final follow-ups at 50 months after the initial treatment.  

SF-36 Questionnaire Scores 

Figure 2 describes the QoL before 2, and 5 years after postoperation for patients 

with T1N0M0 PTC in comparison with an age-matched and sex-matched general 

China population. Before surgery, patients with T1N0M0 PTC had impaired HRQoL 

in comparison with the reference population as shown by a significantly lower mean 

each dimension score. Meanwhile, we also found that younger women (<40 years) 

had a lower QoL than older patients (P= 0.022). 

2 years after the operation, physical functioning, role physical functioning, 

general health, and mental health in patients became comparable to those of the 

general Chinese population, with no significant differences observed. However, other 

dimension scores remained significantly lower. Notable, the only notable difference 

between the RFA and SR groups was in role emotional functioning. These 

improvements persisted 5 years post-operation, at which point vitality was also no 

longer significantly different. 

THYCA-Qol Questionnaire Scores 

In the following 5 years, THYCA‐QoL score comparison between patients in the 
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RFA group and SR group were presented in Figures 3. There were significant 

differences in problems with scarring (P= 0.026), psychological (P= 0.029) between 

the groups. The “problems with scarring” and “psychological” scale scores of patients 

in the RFA group were lower than in the SR group, indicating a lower level of 

complaint relating to symptom in the RFA group. 

Discussion 

The standard treatment for unifocal T1N0M0 PTC is surgery, usually unilateral 

lobectomy
[5]

. However, due to the indolent nature of this tumor, AS has been 

advocated for very low-risk PTC in the 2015 ATA guidelines
[5]

. The main drawback of 

AS is the anxiety caused by indwelling tumor
[32]

. A meta‐analysis reported that 32%–

69% patients underwent delayed surgery during AS because of anxiety other than 

disease progression
[33]

. Conversely, in our study, none of the patients underwent 

delayed surgery because of anxiety. This aligns with a meta-analysis on low-risk PTC 

treated with thermal ablation, which found no cases of patients opting for delayed 

surgery due to anxiety
[34]

.  

Due to the relatively slow clinical progression of PTC, long-term follow-up is 

warranted for evaluating both the effectiveness and safety of the treatment. In our 

5-year follow-up study, there was no obvious difference in tumor progression and 

recurrence-free survival rates between the two groups, which aligns with a previous 

systematic review and meta-analysis
[35]

. Given the increasing incidence of thyroid 

cancer, ablation may become a viable option for indolent PTC. Some researchers 

found that local ablation might release immune-associated antigens and therefore 

enhance host adaptive immune responses, thus inhibiting the growth of primary 

lesions and metastasis
[36; 37]

. 

QoL is an important measure for tumours with such good prognosis. To our 

knowledge, this study represents one of a few studies that have assessed general and 

disease-specific quality of life using a thyroid cancer-specific quality of life 

questionnaire in patients with PTC in Mainland China. The present study indicated 

that PTC patients in Mainland China experienced impaired general QoL compared to 
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the reference population, especially young adults, which was in accordance with 

results reported in previous studies
[38; 39; 40]

. Although PTC has a low disease-specific 

mortality rate, there remains a small but significant risk of short- and long-term 

complications associated with surgery, radioiodine therapy, and medical treatment. 

Additionally, all survivors require lifelong surveillance for disease recurrence. In the 

short term, QoL may decline even further after surgery compared to preoperative 

levels
[41]

. Emotional and psychological concerns, particularly among young adults, are 

largely unmet. These issues likely contribute to the increased reports of psychological 

distress and anxiety
[40]

, aligning with findings from other cancer patient surveys that 

highlight negative emotions related to body image, perceived stigma, and the 

emotional challenges of the cancer experience 
[42]

. 

Our study evaluated the HRQoL of patients with PTC under different treatment 

strategies. In the two years following treatment, the QoL scores for the RFA and SR 

groups reached a level similar to that of the reference population, and most of the QoL 

parameters were comparable between the RFA and SR groups. This finding is 

consistent with previous studies indicating that the postoperative QoL of patients with 

differentiated thyroid cancer can be comparable to that of the general population after 

a long-term follow-up
[43; 44]

. 

Although this study did not utilize a specific distress screening tool, the domains 

assessed by the THYCA-QoL closely align with recognized distress domains. Distress 

has been referred to as the sixth vital sign in cancer patients, with growing evidence 

suggesting that elevated distress levels can negatively affect treatment outcomes, 

follow-up adherence, and overall QoL
[45]

. A Korean study using the same distress 

assessment tool, along with their version of the Mini-Mental Scale, found that anxiety 

and helplessness were the primary contributors to distress in PTC survivors. These 

findings correspond to the anxiety and psychological domains identified in the present 

cohort 
[46]

. 

In the present study, the mean THYCA-Total score lower than that reported by 

Chen et al
[39]

. indicating that patients in this study may have better thyroid 
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cancer-specific QoL than those who were included in the study by Chen et al. 

Differences in the participants might be one possible explanation. In our study, all 

patients had undergone lobectomy, while the proportion in Chan et al.’s study was 

52.5%.  

In the THYCA-QoL questionnaire, PTC patients had a short-term decrease in QoL at 

three months after the procedure, the decline may be due to temporary damage to the 

recurrent laryngeal nerve and hoarseness after ablation,which was in accordance with 

results reported in previous studies 
[39; 47; 48; 49]

. In the continuous observation process 

in this study, most of the QoL parameters for the RFA and SR groups showed 

considerable improvements. Lubitz et al
[50]

 also showed a temporary decrease of QoL 

after initial therapy, but after six months QoL was comparable to baseline. However, 

their study did not have data on QoL before surgery. Cancer patients usually perceive 

improved HRQoL after months or years of recovery. This suggested that the effects of 

surgery on patients’ QoL can be recovered in a very short time. And in the long term, 

RFA and SR can improve patients’ QoL.  

We also observed that patients treated with minimally invasive surgery reported 

better disease-specific QoL compared to those treated with conventional surgery. The 

THYCA-QoL questionnaire results showed worse results in problems with scarring 

and psychological in the SR group. The higher psychological problem scores of the 

SR group may be related to the long-term thyroid hormone replacement therapy or 

that patients seriously anxious about their disease tend more to adopt SR. RFA 

damages thyroid function less and does not require life-long hormone replacement, 

which may improve the patient’s survival experience. However, further preoperative 

psychological evaluation is needed. 

The study has limitation, because this was a retrospective study, although 

propensity score matching was used to minimize selection bias, the possibility of 

residual confounding cannot be completely excluded. The number of variables 

included in the matching model was selected to balance adjustment adequacy with the 

available number of outcome events to avoid overfitting. Future prospective registry 

studies with predefined inclusion criteria are warranted to further validate these 
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findings. Besides, the manuscript lacks sufficient data regarding how active 

surveillance might compare in terms of QOL, which is a notable limitation. Future 

prospective studies incorporating active surveillance cohorts are warranted to better 

elucidate the comparative impact of different management strategies on patients’ 

quality 

Conclusions 

The present study indicated that PTC patients in Mainland China experienced 

impaired general and thyroid cancer-specific QoL. RFA provides better cosmetic, and 

HRQoL outcomes for T1N0M0 PTC patients, so RFA is a better option for T1N0M0 

PTC patients who have esthetic needs.  

Data availability 

The datasets generated and/or analysed during the current study are not publicly 

available due to protect study participant privacy, but are available from the 

corresponding author on reasonable request. 

Author contributions Z.Z, Y.X and J.X researched the conception and design of 

the study. Y.Y and D.Y analyzed and interpreted the data. Z.Z and Y.X wrote the 

manuscript. L.L, D.Y and Y.L contributed to the discussion and reviewed the 

manuscript. All authors read and approved the final manuscript. 

 

 

 

 

 

 

 

 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Compliance with ethical standards 

Conflict of interest  The authors declare no competing interests 

Ethics approval  The study was performed according to the guidelines of the 

Helsinki Declaration and was approved by the Ethics Committee of the Gansu 

Provincial Hospital(NO: 2024-373). The subjects gave their informed consent for 

participation. 

Funding 

Not applicable. 

 

Reference 

[1] Sung H, Ferlay J, Siegel R L, et al. Global cancer statistics 2020: Globocan estimates of 

incidence and mortality worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2021, 

71(3): 209-249. 

[2] Chen D W, Lang B H H, McLeod D S A, et al. Thyroid cancer[J]. Lancet, 2023, 401(10387): 

1531-1544. 

[3] Pasqual E, Sosa J A, Chen Y, et al. Trends in the management of localized papillary thyroid 

carcinoma in the united states (2000-2018)[J]. Thyroid, 2022, 32(4): 397-410. 

[4] Tuttle R M, Haugen B, Perrier N D. Updated american joint committee on 

cancer/tumor-node-metastasis staging system for differentiated and anaplastic thyroid cancer 

(eighth edition): What changed and why?[J]. Thyroid, 2017, 27(6): 751-756. 

[5] Haugen B R, Alexander E K, Bible K C, et al. 2015 american thyroid association 

management guidelines for adult patients with thyroid nodules and differentiated thyroid 

cancer: The american thyroid association guidelines task force on thyroid nodules and 

differentiated thyroid cancer[J]. Thyroid, 2016, 26(1): 1-133. 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



[6] He H, Song Q, Lan Y, et al. Efficacy and safety of ultrasound-guided radiofrequency 

ablation for low-risk papillary thyroid microcarcinoma in patients aged 55 years or older: A 

retrospective study[J]. Int J Hyperthermia, 2021, 38(1): 604-610. 

[7] Yan L, Lan Y, Xiao J, et al. Long-term outcomes of radiofrequency ablation for unifocal 

low-risk papillary thyroid microcarcinoma: A large cohort study of 414 patients[J]. Eur Radiol, 

2021, 31(2): 685-694. 

[8] Nickel B, Tan T, Cvejic E, et al. Health-related quality of life after diagnosis and treatment of 

differentiated thyroid cancer and association with type of surgical treatment[J]. JAMA 

Otolaryngol Head Neck Surg, 2019, 145(3): 231-238. 

[9] Gamper E M, Wintner L M, Rodrigues M, et al. Persistent quality of life impairments in 

differentiated thyroid cancer patients: Results from a monitoring programme[J]. Eur J Nucl 

Med Mol Imaging, 2015, 42(8): 1179-1188. 

[10] Li J, Zhang B, Bai Y, et al. Health-related quality of life analysis in differentiated thyroid 

carcinoma patients after thyroidectomy[J]. Sci Rep, 2020, 10(1): 5765. 

[11] Mauri G, Hegedüs L, Cazzato R L, et al. Minimally invasive treatment procedures have 

come of age for thyroid malignancy: The 2021 clinical practice guideline for the use of 

minimally invasive treatments in malignant thyroid lesions[J]. Cardiovasc Intervent Radiol, 

2021, 44(9): 1481-1484. 

[12] Li X, Yan L, Xiao J, et al. Long-term outcomes and risk factors of radiofrequency ablation 

for t1n0m0 papillary thyroid carcinoma[J]. JAMA Surg, 2024, 159(1): 51-58. 

[13] Yan L, Li Y, Li X Y, et al. Clinical outcomes of ultrasound-guided radiofrequency ablation 

for solitary t1n0m0 papillary thyroid carcinoma: A retrospective study with more than 5 years of 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



follow-up[J]. Cancer, 2023, 129(16): 2469-2478. 

[14] Li X, Li J, Qiao Z, et al. Rigorous radiofrequency ablation can completely treat low-risk 

small papillary thyroid carcinoma without affecting subsequent surgical management[J]. Eur 

Radiol, 2023, 33(6): 4189-4197. 

[15] Cao X J, Wang S R, Che Y, et al. Efficacy and safety of thermal ablation for treatment of 

solitary t1n0m0 papillary thyroid carcinoma: A multicenter retrospective study[J]. Radiology, 

2021, 300(1): 209-216. 

[16] Xiao J, Zhang Y, Yan L, et al. Ultrasonography-guided radiofrequency ablation for solitary 

t1an0m0 and t1bn0m0 papillary thyroid carcinoma: A retrospective comparative study[J]. Eur J 

Endocrinol, 2021, 186(1): 105-113. 

[17] Zhou W, Jiang S, Zhan W, et al. Ultrasound-guided percutaneous laser ablation of 

unifocal t1n0m0 papillary thyroid microcarcinoma: Preliminary results[J]. Eur Radiol, 2017, 

27(7): 2934-2940. 

[18] Kim H J, Cho S J, Baek J H. Comparison of thermal ablation and surgery for low-risk 

papillary thyroid microcarcinoma: A systematic review and meta-analysis[J]. Korean J Radiol, 

2021, 22(10): 1730-1741. 

[19] Chen S, Mao Y, Chen G. Economic effect between surgery and thermal ablation for 

patients with papillary thyroid microcarcinoma: A systemic review and meta-analysis[J]. 

Endocrine, 2022, 76(1): 9-17. 

[20] Shen K, Xue S, Xie Y, et al. Comparison of thermal ablation and routine surgery for the 

treatment of papillary thyroid microcarcinoma: A systematic review and meta-analysis[J]. Int J 

Hyperthermia, 2020, 37(1): 913-924. 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



[21] Ledesma-Leon T, Solis-Pazmino P, Lincango E P, et al. Ablation techniques or active 

surveillance compared to surgical resection in patients with low-risk papillary thyroid cancer: A 

systematic review and meta-analysis[J]. Endocrine, 2024, 83(2): 330-341. 

[22] Gong W, Zhang R, Zhang S, et al. Comparison between thermal ablation and surgery in 

low risk papillary thyroid carcinoma: A prospective study[J]. Front Endocrinol (Lausanne), 

2024, 15: 1398208. 

[23] Chung S R, Baek J H, Choi Y J, et al. Sonographic assessment of the extent of 

extrathyroidal extension in thyroid cancer[J]. Korean J Radiol, 2020, 21(10): 1187-1195. 

[24] Park H S, Baek J H, Park A W, et al. Thyroid radiofrequency ablation: Updates on 

innovative devices and techniques[J]. Korean J Radiol, 2017, 18(4): 615-623. 

[25] Contopoulos-Ioannidis D G, Karvouni A, Kouri I, et al. Reporting and interpretation of sf-36 

outcomes in randomised trials: Systematic review[J]. Bmj, 2009, 338: a3006. 

[26] Brazier J E, Harper R, Jones N M, et al. Validating the sf-36 health survey questionnaire: 

New outcome measure for primary care[J]. Bmj, 1992, 305(6846): 160-164. 

[27] Husson O, Haak H R, Mols F, et al. Development of a disease-specific health-related 

quality of life questionnaire (thyca-qol) for thyroid cancer survivors[J]. Acta Oncol, 2013, 52(2): 

447-454. 

[28] Husson O, Haak H R, Buffart L M, et al. Health-related quality of life and disease specific 

symptoms in long-term thyroid cancer survivors: A study from the population-based profiles 

registry[J]. Acta Oncol, 2013, 52(2): 249-258. 

[29] Mauri G, Cova L, Tondolo T, et al. Percutaneous laser ablation of metastatic lymph nodes 

in the neck from papillary thyroid carcinoma: Preliminary results[J]. J Clin Endocrinol Metab, 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



2013, 98(7): E1203-1207. 

[30] Mauri G, Pacella C M, Papini E, et al. Image-guided thyroid ablation: Proposal for 

standardization of terminology and reporting criteria[J]. Thyroid, 2019, 29(5): 611-618. 

[31] Lombardi C P, Carnassale G, Damiani G, et al. "The final countdown": Is intraoperative, 

intermittent neuromonitoring really useful in preventing permanent nerve palsy? Evidence from 

a meta-analysis[J]. Surgery, 2016, 160(6): 1693-1706. 

[32] Nickel B, Brito J P, Barratt A, et al. Clinicians' views on management and terminology for 

papillary thyroid microcarcinoma: A qualitative study[J]. Thyroid, 2017, 27(5): 661-671. 

[33] Cho S J, Suh C H, Baek J H, et al. Active surveillance for small papillary thyroid cancer: A 

systematic review and meta-analysis[J]. Thyroid, 2019, 29(10): 1399-1408. 

[34] Cho S J, Baek J H, Chung S R, et al. Thermal ablation for small papillary thyroid cancer: A 

systematic review[J]. Thyroid, 2019, 29(12): 1774-1783. 

[35] Yu N, Zhao Z L, Wei Y, et al. Comparison of us-guided thermal ablation and surgery for 

papillary thyroid cancer: A systematic review and meta-analysis[J]. Int J Hyperthermia, 2025, 

42(1): 2464206. 

[36] Yue W, Chen L, Yu L, et al. Checkpoint blockade and nanosonosensitizer-augmented 

noninvasive sonodynamic therapy combination reduces tumour growth and metastases in 

mice[J]. Nat Commun, 2019, 10(1): 2025. 

[37] Chu K F, Dupuy D E. Thermal ablation of tumours: Biological mechanisms and advances 

in therapy[J]. Nat Rev Cancer, 2014, 14(3): 199-208. 

[38] Roth E M, Lubitz C C, Swan J S, et al. Patient-reported quality-of-life outcome measures 

in the thyroid cancer population[J]. Thyroid, 2020, 30(10): 1414-1431. 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



[39] Chen C, Cao J, Wang Y, et al. Health-related quality of life and thyroid cancer-specific 

symptoms in patients treated for differentiated thyroid cancer: A single-center cross-sectional 

survey from mainland china[J]. Thyroid, 2023, 33(4): 474-483. 

[40] Goldfarb M, Casillas J. Thyroid cancer-specific quality of life and health-related quality of 

life in young adult thyroid cancer survivors[J]. Thyroid, 2016, 26(7): 923-932. 

[41] Chen J, Cao J, Qiu F, et al. The efficacy and the safety of ultrasound-guided ablation 

therapy for treating papillary thyroid microcarcinoma[J]. J Cancer, 2019, 10(21): 5272-5282. 

[42] Husson O, Zebrack B J, Block R, et al. Health-related quality of life in adolescent and 

young adult patients with cancer: A longitudinal study[J]. J Clin Oncol, 2017, 35(6): 652-659. 

[43] Pelttari H, Sintonen H, Schalin-Jäntti C, et al. Health-related quality of life in long-term 

follow-up of patients with cured tnm stage i or ii differentiated thyroid carcinoma[J]. Clin 

Endocrinol (Oxf), 2009, 70(3): 493-497. 

[44] Hoftijzer H C, Heemstra K A, Corssmit E P, et al. Quality of life in cured patients with 

differentiated thyroid carcinoma[J]. J Clin Endocrinol Metab, 2008, 93(1): 200-203. 

[45] Walsh K. Addressing psychosocial issues in cancer survivorship: Past, present and 

future[J]. Future Oncol, 2016, 12(24): 2823-2834. 

[46] Seok J H, Choi W J, Lee Y S, et al. Relationship between negative mental adjustment to 

cancer and distress in thyroid cancer patients[J]. Yonsei Med J, 2013, 54(3): 658-664. 

[47] Zheng L, Dou J P, Liu F Y, et al. Microwave ablation vs. Surgery for papillary thyroid 

carcinoma with minimal sonographic extrathyroid extension: A multicentre prospective study[J]. 

Eur Radiol, 2023, 33(1): 233-243. 

[48] Wang T, Jiang M, Ren Y, et al. Health-related quality of life of community thyroid cancer 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



survivors in hangzhou, china[J]. Thyroid, 2018, 28(8): 1013-1023. 

[49] Büttner M, Hinz A, Singer S, et al. Quality of life of patients more than 1 year after surgery 

for thyroid cancer[J]. Hormones (Athens), 2020, 19(2): 233-243. 

[50] Lubitz C C, De Gregorio L, Fingeret A L, et al. Measurement and variation in estimation of 

quality of life effects of patients undergoing treatment for papillary thyroid carcinoma[J]. 

Thyroid, 2017, 27(2): 197-206. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 

 

Figure1  Patient flowchart. PTC, Papillary thyroid carcinoma; RFA, radiofrequency ablation; SR, 

surgical resection 

 

patients with PTC (n=783) 

multiple PTC (n=18)  

extrathyroidal invasion (n=4) 

lymphnode metastasis (n=6) 
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insufficient follow-up (n=11) 

major comorbidities(n=4) 
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Figure 2  SF-36 questionnaire results in patients with T1N0M0 PTC before, 2, and 5 years after 

postoperation, compared with the age-matched and sex-matched general China population. Scores 

between PTC patients and age-matched and sex-matched China reference population were 

compared using Student’s t tests; *P<0.05, **P<0.01, and ***P<0.001. 
&
P<0.05 (RFA group 

compared to SR group). PTC, papillary thyroid carcinoma; PF, physical functioning , RPF, role 

physical functioning , BP, bodily pain, GH, general health, VT, vitality, SF, social functioning, 

REF, role emotional functioning, MH, mental health.  
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Fig 3  Comparison of HRQoL in patients who underwent RFA and SR by using THYCA‐QoL at 

1, 3, 6, 12, 24,42 and 60 months postsurgery. 

Parameters: A. Neuromuscular; B. Voice; C. Concentration; D. Sympathetic; E. Throat/mouth; F. 

Psychological; G. Sensory; H. Problems with scar; I. Felt chilly; J. Tingling hands/feet; K. Gained 

weight; L. Headache; M. Interested in sex. Note: P denotes p value for longitudinal changes within 

each group; P (groups) denotes the p value for longitudinal changes between groups. 

 

 

Table 1  Clinical characteristics of papillary thyroid carcinoma patients in RFA group 

and SR group.  

 

Characteristic Before PSM   After PSM   

 RFA group 

(n=265) 

SR group 

(n=325) 

P RFA group 

(n=150) 

SR group 

(n=150) 

P 

Age (years)   0.043   0.295 

≤55 108（40.4%） 159（48.9%）  89 (59.3%) 80 (53.3%)  

>55 158（59.6%） 166（51.1%）  61(40.7%) 70 (46.7%)  

Sex   0.012   0.075 

Male 75（28.3%） 124（38.2%）  22 (14.7%) 34 (22.7%)  

Female 190（71.7%） 201（61.8%）  128 (85.3%) 116 (77.3%)  

BMI (kg/m2)   0.219   0.497 

≤27.9 154（58.1%） 205（63.1%）  132 (88%) 128 (85.3%)  

>27.9 111（41.9%） 120（36.9%）  18 (12%) 22 (14.7%)  

Marriage   0.000   0.123 

Married 201（75.8%） 298（91.7%）  123(82.0%) 112 (74.7%)  

Unmarried 64（24.2%） 27（8.3%）  27 18(%) 38 (25.3%)  
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Education      0.512 

College degree or 

higher 

111（41.9%） 87（26.8%） 0.000 42(28%) 37 (24.7%)  

Others 154（58.1%） 238（73.2%）  108 (72%) 113 (75.3%)  

Employment status   0.036   0.327 

Employed 167（63.0%） 177（54.5%）  54(36%) 46 (30.7%)  

Unemployed 98（37%） 148（45.5%）  96(64%) 104 (69.3%)  

Place to live   0.005   0.971 

  Urban 155（58.5%） 152（46.8%）  70 (46.7%) 75(50.0%)  

  Rural areas 110（41.5%） 173（53.2%）  80 (53.3%) 75 (50.0%)  

Family history   0.072   0.777 

Yes 31（11.7%） 42（12.9%）  6 (4.0%) 7 (4.7%)  

No 234（88.3%） 283（87.1%）  144 (96.0%) 143 (95.3%)  

T classification   0.000   0.199 

T1a  160（68.1%） 140（43.1%）  92 (74.7%) 81 (54%)  

T1b 75（31.9%） 185（56.9%）  58 (25.3%) 69 (46%)  

Smoker   0.603   0.215 

Yes 115（43.3%） 148（%）  21 (14.0%) 29 (19.3%)  

No 150（56.6%） 177（%）  129 (86.0%) 121 (80.7%)  

Tpo-Ab (< 4.11 

IU/ml) 

  0.292   0.208 

Negative 224（84.5%） 264（81.2%）  130 (86.7%) 122 (81.3%)  

Positive 41（15.5%） 61（18.8%）  20 (13.3%) 28 (18.7%)  

Tg-Ab (< 5.61 

IU/ml)  

  0.250   0.097 
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Negative 230（86.8%） 271（83.4%）  138 (92.0%) 129 (86%)  

Positive 35（13.2%） 54（16.6%）  12 (8.0%) 21 (14%)  

T1a indicates a tumor smaller than 1cm, T1b indicates a tumor larger than 1 cm but smaller than 2 

cm. RFA, radiofrequency ablation; SR, surgical resection; BMI, body mass index; Tpo-Ab, 

Thyroid peroxidase antibodies; Tg-Ab, anti thyroglobulin antibodies; PSM, propensity score 

matching. 
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