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INTRODUCTION

Papillary thyroid cancer (PTC) is the most prevalent type 
of thyroid cancer, accounting for 83.6% of all cancer cases 
[1]. From 1974 to 2013, the incidence of T2 PTC consistently 
increased at an annual rate of 1.6% [2]. Despite this 
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increase, T2N0M0 PTC, categorized as prognostic stage I, 
has an exceptionally high disease-specific survival rate 
over 10 years, ranging from 98% to 100% [3]. Standard 
treatments for T2 PTC include thyroid lobectomy and 
total thyroidectomy [4-6]; however, its high incidence in 
individuals aged <45 years raises concerns regarding surgical 
complications [7]. These include long-term functional issues, 
such as hypothyroidism, hypoparathyroidism, and laryngeal 
nerve injury, as well as impact on quality of life due to 
fatigue, sleep disturbances, and cosmetic concerns [8-10].

Consequently, there has been a shift toward considering 
minimally invasive alternatives such as ultrasound (US)-
guided thermal ablation techniques for treating PTC 
[11,12]. In recent years, radiofrequency ablation (RFA) and 
microwave ablation (MWA) have shown promising results 
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boundaries of the thyroid nodules. The enhancement pattern 
was categorized as hyperenhancement, isoenhancement, 
hypoenhancement, or non-enhancement relative to the 
adjacent thyroid tissue [22]. Neck and chest CT scans were 
performed to detect lymph node involvement or distant 
metastases [19,23]. Laboratory test results included routine 
blood tests, coagulation function, thyroid function, and 
calcitonin levels. The pathological diagnosis was made using 
US-guided biopsy.

The tumor volume was calculated using the formula V = 
abc x 0.524 (where V represents the volume, and a, b, and c 
are orthogonal diameters) [24]. The volume reduction ratio 
(VRR) was calculated using the following formula: VRR = 
([initial volume - final volume]/initial volume) x 100. Three 
radiologists, each with over 5 years of experience in thyroid 
imaging and intervention, assessed the data.

Ablation Procedure
This study used a LOGIQ E9 system (GE Healthcare, 

Chicago, IL, USA) with a 6–9-MHz linear probe for US 
guidance. A 17-gauge cooled MWA antenna with a 0.35-cm 
active tip (Intelligent Basic Type Microwave Tumor Ablation 
System, Nanjing ECO Microwave System, Nanjing, China) or 
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 thermal ablation. All procedures were 
conducted in an inpatient US interventional setting by three 

in managing early-stage PTC, with efficacies comparable 
to that of traditional surgery but with potentially fewer 
complications [13-15]. Furthermore, a recent review 
demonstrated that PTCs of different sizes showed similar 
efficacy post-RFA, indicating that RFA may be a viable 
alternative therapy for patients with large PTCs [12].

However, research on thermal ablation for T2N0M0 PTC 
remains sparse, with only one known small-scale study on 
RFA (involving 12 patients) [16], and no known studies 
on MWA for this specific condition. Therefore, this study 
aimed to fill this gap by assessing the efficacy and safety 
of thermal ablation, including MWA and RFA, in a broad 
group of patients with solitary, low-risk T2N0M0 PTC. We 
also aimed to compare the outcomes of the two ablation 
techniques additionally.

MATERIALS AND METHODS

Patients
This retrospective, single-center study consecutively 

enrolled 34 patients (mean age: 40.0 ± 13.9 years [standard 
deviation]; 28 female) with low-risk T2N0M0 PTC who 
underwent RFA or MWA between November 2016 and April 
2023 (Fig. 1). The study protocol (IRB No. S2019-283-02) 
was approved by the hospital’s Human Ethics Committee. 
The requirement for informed consent for inclusion in the 
study was waived, given the study’s retrospective design and 
the anonymity of the personal data involved.

The inclusion criteria were as follows: a) PTC confirmed by 
US-guided biopsy, b) tumor with a maximum diameter >2 cm 
and ≤4 cm, c) no sonographic evidence of extrathyroidal 
extension into the strap muscles, trachea, esophagus, 
recurrent laryngeal nerve (RLN), and carotid artery [17], 
d) no evidence of cervical lymph node metastasis (LNM) or 
distant metastasis on both the US and computed tomography 
(CT) [18-20], and e) ineligibility or refusal of surgery [21]. 
The exclusion criteria were a) multiple malignancies or b) 
insufficient follow-up of less than 6 months. Patients were 
divided into the MWA and RFA groups based on the ablation 
method.

Pre-Ablation Assessment
Comprehensive diagnostic assessments were conducted 

before ablation, including using routine US to evaluate 
tumor dimensions, volume, location, US characteristics, 
and vascularity [21]. Contrast-enhanced ultrasonography 
(CEUS) was used to examine the enhancement patterns and 

PTC patients who underwent RFA or 
MWA between November 2016 and 

April 2023 (n = 1579)

Maximum tumor diameter 
≤2 or >4 cm (n = 1514)

Multiple lesions (n = 15)

RFA subgroup (n = 19) MWA subgroup (n = 15)

Patients included in this study (n = 34)

Lymph node metastasis 
(n = 12)

Follow-up <6 months 
(n = 4)

Fig. 1. Flowhart of patient selection. PTC = papillary thyroid 
carcinoma, RFA = radiofrequency ablation, MWA = microwave 
ablation
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radiologists, each with 5 years of experience in RFA, MWA, 
or both. Given that previous studies have not reported a 
clear technical superiority of either RFA and MWA over the 
other for treating PTC, the choice of ablation technique was 
based on each practitioner’s proficiency in performing RFA 
and MWA.

To begin the procedure, the patients were placed supine 
with their necks extended. After neck sterilization, 0.5% 
lidocaine was administered at the puncture site under 
local anesthesia. Subsequently, hydro-dissection was 
performed using an 18-gauge needle to safely separate 
the thyroid from critical structures using saline for MWA 
and sterilized water for RFA. Continuous injections were 
administered during the ablation to ensure a safe distance 
of at least 5 mm. The moving-shot technique was used 

for ablation [25]. The power was set at 30 W in MWA and 
adjusted from 30 W to 70 W in RFA, 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 [26]. For 
tumors close to the thyroid capsule (<2 mm), ablation 
was performed after a thorough treatment of the adjacent 
capsule. 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 (Fig. 2).

Post-ablation Assessment
Post-ablation RLN function was evaluated by monitoring 

Fig. 2. Images of a 40-year-old female with T2N0M0 papillary thyroid carcinoma in the left lobe treated with RFA. A, B: Heterogeneous 
hypoechoic ultrasound and hypoenhanced CEUS images of the tumor before RFA (transverse view, arrows). C, D: Hypoechoic and non-
enhanced CEUS images of the tumor immediately after RFA (transverse view; arrows). RFA = radiofrequency ablation, CEUS = contrast-
enhanced ultrasonography
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vocal cord movements using US [27]. Laryngoscopy was 
performed in patients with abnormal vocal cord movements 
on US, hoarseness, or history of neck surgery. Adverse events 
during or after the procedure were carefully recorded.

Follow-up evaluations were scheduled for the first and 
third months post-ablation, with subsequent visits every 
6–12 months. Each follow-up visit included a routine US 
examination and thyroid function tests, with annual CT scans 
to check for changes in the cervical lymph nodes or distant 
metastases. In cases where new suspicious lesions were 
detected, fine-needle aspiration (FNA) or core-needle biopsy 
was performed for further diagnosis.

Outcomes
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 [28]. The primary outcomes were 
the cumulative rate of disease progression (pathologically 
confirmed local tumor progression, new tumors or LNM, 
distant metastasis identified using CT, and PTC-related 
mortality) and delayed surgery rate [29]. 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.

Secondary outcomes included changes in ablation zone 
size, cumulative rate of complete tumor disappearance, and 
complication rates. Complications were classified following 
the reporting standards established by the Society of 
Interventional Radiology [29,30]. Permanent RLN injury was 
characterized by hoarseness lasting for over 6 months post-
ablation.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 

Statistics (version 25.0, IBM Corp., Armonk, NY, USA) 
and GraphPad Prism (version 9.0.0, GraphPad Software, 
San Diego, CA, USA). Continuous variables are presented 
as means ± standard deviations or medians (interquartile 
ranges [IQRs]) based on the normality of the distribution, 
and categorical variables are present as frequencies 
(percentages). t-tests or Mann–Whitney U tests were used 
for continuous data, whereas chi-square or Fisher’s exact 
tests were used for categorical data. Changes in tumor size 
before and after ablation were analyzed using paired t-tests, 
whereas differences between groups were assessed using 

the Mann–Whitney U test. Kaplan–Meier curves were used 
to estimate the cumulative rates of disease progression and 
complete tumor disappearance, and the log-rank test was 
used to compare the RFA and MWA groups in terms of these 
outcomes. All tests were two-tailed, with a significance 
threshold of P < 0.05.

RESULTS

Patient And Tumor Characteristics
Between November 2016 and April 2023, 1579 patients 

with PTC who underwent RFA or MWA were reviewed. After 
applying the exclusion criteria, 34 patients with T2N0M0 PTC 
were included in the study (Fig. 1). Among these patients, 
seven were ineligible for surgery due to renal insufficiency 
(n = 1), cardiovascular disease (n = 4), or the presence of 
other malignant tumors (n = 2). Moreover, 27 patients opted 
out of surgery because of concerns regarding surgical risks 
and cosmetic issues. The median follow-up period was 18.0 
months (IQR: 9.0–40.0 months), and the median maximum 
diameter of the PTC lesions was 2.5 cm (IQR: 2.1–2.8 cm). 
Table 1 shows no significant differences in the baseline 
characteristics between the RFA and MWA groups.

Disease Progression After Thermal Ablation
The technical success rate of the procedure was 100%, 

and complete ablation was achieved in all participants in a 
single session.

At the end of the follow-up period, this study documented 
two instances of disease progression, involving one case of 
new tumor appearing 10 months post-MWA and one case of 
local tumor progression 12 months post-RFA. No disease-
related fatalities were observed. The cumulative disease 
progression rate was 0% at 6 months and remained constant 
at 8.8% (95% confidence interval [CI]: 0%–19.8%) at 1, 3, 
and 5 years (Fig. 3A). Specifically, the rates of new tumor 
occurrence and local progression at 1 year were 4.0% (95% 
CI: 0%–19.8%) and 4.8% (95% CI: 0%–19.8%), respectively. 
The 1-year disease progression rates were 8.3% (95% CI: 
0%–22.7%) in the RFA group and 9.1% (95% CI: 0%–24.6%) 
in the MWA group (Fig. 3B). A comparison of cumulative 
disease progression between the MWA and RFA groups 
revealed no significant differences (P = 0.829).

In the RFA group, there was one case of local progression 
located at the lower pole of the ablation zone, with a 
maximum diameter of 0.6 cm, noted 12 months post-
ablation (Fig. 4). Conversely, in the MWA group, one patient 
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developed a new 0.4-cm tumor in the contralateral lobe 10 
months post-ablation (Fig. 5). Both cases were validated 
using FNA and subsequently treated with additional MWA. 
Notably, no further disease progression was noted up to 
the final follow-ups at 24 and 42 months after the initial 
treatment, avoiding the need for delayed surgery.

Tumor Size Changes
Table 2 presents the changes in the maximum diameter and 

volume of the lesions according to time after ablation. Owing 
to the safety margins included in the ablation procedure, 
the VRR displayed negative values in the first month post-
ablation; however, this later transitioned to positive values. 
The VRR increased to 23.8% (IQR: 4.4%–48.0%), 56.7% (IQR: 
43.1%–71.1%), and 74.2% (53.7%–86.0%) at 3, 6, and 12 

months, respectively. There was a significant reduction in 
the maximum diameter from the third month post-ablation, 
compared with pre-ablation measurements (P < 0.05 for all).

Complete tumor disappearance was observed in six 
patients, with three in each treatment group. The cumulative 
complete disappearance rates at 1, 3, and 5 years were 4.0% 
(95% CI: 0%–11.4%), 26.8% (95% CI: 2.7%–44.9%), and 
51.2% (95% CI: 0%–79.1%), respectively (Fig. 6A), with no 
significant differences between the two groups (P = 0.633) 
(Fig. 6B).

Complications
The overall complication rate in this study was 14.7% 

(5/34), with all reported cases of transient hoarseness 
classified as significant complications. Regarding group-

Table 1. Patient and tumor characteristics

Variable Total (n = 34) RFA (n = 19) MWA (n = 15) P
Age, yrs* 40.0 ± 13.9 41.6 ± 14.2 38.1 ± 13.6   0.478
Sex, male:female 6:28 3:16 3:12 >0.999
Maximum diameter, cm† 2.5 (2.1, 2.8) 2.5 (2.1, 3.1) 2.3 (2.1, 2.7)   0.461
Volume, mL† 3.3 (2.5, 4.9) 4.0 (2.8, 5.7) 3.0 (2.0, 4.0)   0.160
Location, right:left 19:15 12:7 7:8   0.489
CEUS, hypo enhancement:hyper enhancement 8:26 3:16 5:10   0.417
Diagnosis, CNB:FNA 4:30 2:17 2:13 >0.999
Ablation time, s* 337.9 ± 133.9 370.0 ± 143.1 297.3 ± 113.2   0.118
Follow-up time, mos† 18.0 (9.0, 40.0) 18.0 (9.0, 41.0) 17.0 (7.0, 36.0)   0.689

*Data are presented as means ± standard deviations, †Data are presented as medians (interquartile range).
RFA = radiofrequency ablation, MWA = microwave ablation, CEUS = contrast-enhanced ultrasonography, CNB = core-needle biopsy, FNA = 
fine-needle aspiration
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Fig. 3. Kaplan–Meier curves for disease progression. A: Graph illustrating the Kaplan–Meier curves for cumulative disease progression in 
34 patients with T2N0M0 papillary thyroid cancer. B: Graph showing the Kaplan–Meier curves for cumulative disease progression in the RFA 
and MWA groups. RFA = radiofrequency ablation, MWA = microwave ablation
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specific rates, complications occurred in 21.1% (4/19) 
and 6.7% (1/15) of patients in the RFA and MWA groups, 
respectively. However, the statistical analysis revealed no 
significant difference in the complication rates between the 
two groups (P = 0.355). Among the patients experiencing 
hoarseness, the primary tumor had a mean maximum 
diameter of 2.2 ± 0.2 cm (range: 2.1–2.7 cm) and an 
average distance from the tracheoesophageal groove of 
0.8 ± 0.2 mm (range: 0.6–1.2 mm). Extensive calcification 
within the tumors was observed in two patients treated 
with RFA.

Notably, all instances of hoarseness resolved 
spontaneously within 3 months. Although 50% (17/34) 
of the patients experienced mild pain during the ablation 
procedure, all tolerated the procedure without significant 
issues. No life-threatening complications were encountered 
during the ablation or follow-up.

DISCUSSION

Our previous research showed favorable outcomes of 
thermal ablation for treating T1N0M0 PTC, consistent with 
the results of other studies [13-15,31]. A notable study 
in 2021 utilized RFA in a modest group of 12 patients 
diagnosed with T2N0M0 PTC and showed that, over an 
average monitoring period of 24 months, two patients 
experienced complete resolution of their tumors, with no 
further disease progression or complications [16]. However, 
the limited number of participants in that study poses a 
challenge to the broad applicability of its findings. To date, 
there have been no reports on the use of MWA for treating 
T2N0M0 PTC. To address this gap, the present study aimed 
to evaluate the efficacy and safety of thermal ablation for 
T2N0M0 PTC in a larger cohort and to compare the outcomes 
between MWA and RFA treatments.

In this study, thermal ablation successfully treated all 

Fig. 4. A 21-year-old female with a T2N0M0 PTC in the right lobe treated with RFA and additional ablation of local tumor progression 
with microwave ablation. A: A 3-cm T2N0M0 PTC located 0.3 mm below the thyroid’s anterior capsule is shown on routine US 
(longitudinal view, arrows). B: RFA was performed on the nodule (transverse view, arrows). C: Routine US of the ablation zone of the 
nodule 3 months after the initial ablation (longitudinal view, arrows) showed no abnormality. D: The hypoechoic part (arrowheads) with 
hyperenhancement on contrast-enhanced US besides the ablation zone (transverse view, arrows) is identified 12 months after the initial 
ablation (transverse view, arrowheads). E: Additional microwave ablation is performed on the nodule (transverse view, arrows). F: Twelve 
months after additional ablation, the size of the ablation zone is 1.6 cm x 1.4 cm on routine US (longitudinal view, arrows), and no 
tumor progression is encountered. PTC = papillary thyroid carcinoma, RFA = radiofrequency ablation, US = ultrasound
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T2N0M0 PTC cases, achieving a 100% technical success rate. 
Disease progression occurred in two patients over a median 
follow-up period of 18.0 months. The 1-, 3-, and 5-year 
disease progression rates remained at 8.8%, comprising 4.8% 

local tumor progression and 4.0% new tumor occurrences, 
with no LNM or distant metastases detected. In comparison, 
surgical resection has a 10-year progression rate of 1.3% for 
tumor recurrence in the remnant thyroid, 4.6% for LNM, and 

Fig. 5. A 38-year-old female with a T2N0M0 papillary thyroid carcinoma in the right lobe and a new tumor in the left lobe treated 
with MWA. A: The initial 2.2-cm T2N0M0 tumor (transverse view, arrows) in the right lobe is shown on routine US. B: Three months after 
the initial MWA, the size of the ablation zone (transverse view, arrows) is 1.8 cm x 1.4 cm on routine US. C: Ten months after the initial 
ablation, the size of the ablation zone (transverse view, arrows) is 1.1 cm x 1.1 cm on routine US. D: A new tumor (transverse view, arrows) 
is identified in the left lobe 10 months after the initial treatment on routine US, and MWA is performed on the new tumor. E: One day after 
ablation for the new tumor, the size of the new ablation zone (longitudinal view, arrows) is 1.2 cm x 0.8 cm. F: Fourteen months after 
ablation for the new tumor, the initial T2N0M0 tumor is absorbed on the US, and the size of new ablation zone (longitudinal view, arrows) 
is 0.8 cm x 0.3 cm and no tumor progression is encountered. MWA = microwave ablation, US = ultrasound

Table 2. Changes in the maximum diameter and volume of papillary thyroid carcinomas before and after ablation

Follow-up time Maximum diameter, cm* P† Volume, mL* P† VRR, %*
Baseline (n = 34) 2.5 (2.1, 2.8) 3.3 (2.5, 4.9)
Immediately (n = 34) 2.9 (2.4, 3.4) <0.001 6.7 (4.5, 9.2) <0.001 -79.8 (-117.2, -32.1)
1-month (n = 34) 2.5 (2.3, 3.0)   0.497 4.6 (3.3, 6.6)   0.001 -27.7 (-50.8, -3.0)
3-months (n = 33) 2.2 (2.1, 2.6)   0.003 2.7 (1.9, 3.8)   0.004 23.8 (4.4, 48.0)
6-months (n = 34) 1.9 (0.6, 2.2) <0.001 1.4 (0.9, 2.3) <0.001 56.7 (43.1, 71.1)
12-months (n = 24) 1.5 (1.2, 1.8) <0.001 0.8 (0.4,1.4) <0.001 74.2 (53.7, 86.0)
18-months (n = 16) 1.4 (1.1, 1.8) <0.001 0.6 (0.4, 0.9) <0.001 81.3 (67.7, 92.9)
24-months (n = 14) 1.4 (1.0, 1.7) <0.001 0.7 (0.2, 1.1) <0.001 83.6 (70.0, 96.4)
36-months (n = 11) 1.3 (0.2, 1.6) <0.001 0.4 (0, 0.6)   0.002 87.7 (80.5, 100.0)
48-months (n = 8) 0.6 (0, 1.2) <0.001 0.1 (0, 0.3)   0.005 97.3 (90.8, 100.0)
60-months (n = 5) 0 (0, 1.1)   0.011 0 (0, 0.3)   0.058 97.3 (93.6, 100.0)

*Data are presented as medians (interquartile range), †For comparison with baseline value.
VRR = volume reduction ratio ([baseline volume - final volume]/baseline volume) x 100%
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1.6% for distant metastases [32]. Thus, thermal ablation 
provides short-term efficacy in treating T2N0M0 PTC, 
particularly as an alternative treatment for patients who are 
not candidates for surgery.

We noted one case of local progression post-RFA at the 
lower pole of the ablation zone, which may have occurred 
because of the large size of the initial tumor (up to 3.0 cm 
in diameter), leading to incomplete ablation at the extensive 
margins of the tumor. Despite the initial tumor’s proximity 
of only 0.3 mm to the anterior capsule, no progression was 
detected anterior to the ablation zone owing to effective 
capsular ablation. In contrast, a new tumor that developed 
post-MWA in one patient emerged in the contralateral 
thyroid lobe 10 months post-treatment. This could be 
attributed to microcarcinomas that were initially too small 
to be detected by the US but grew to detectable sizes during 
the follow-up [33]. Both patients with disease progression 
underwent additional ablations, after which no further 
progression was observed. These outcomes indicate that 
thermal ablation is an effective and repeatable intervention 
for managing disease progression in patients with PTC.

By the end of the follow-up, six ablation zones had 
disappeared entirely, with three each in the RFA and MWA 
groups. Compared with T1N0M0 PTC, the 12-month VRR 
in this study was lower (79.6% for T2N0M0 vs. 93.0% for 
T1N0M0) [34]. However, our findings are similar to those 
of studies on large benign thyroid nodules, particularly one 
study focusing on nodules averaging 4.6 cm in diameter 
(79.6% in this study vs. 76.1% in the previous study) [35]. 
The lower VRR in this study may be attributed to the larger 

size of the ablation zones, potentially hindering complete 
absorption [36]. Additionally, this study revealed increasing 
tumor disappearance rates of 4.0%, 26.8%, and 51.2% 
at 1, 3, and 5 years, respectively, suggesting that a short 
follow-up period may not be sufficient to observe the entire 
process of the lesion response. In contrast, a recent study 
involving patients with T1 PTC with a follow-up of >5 years 
demonstrated a high VRR of up to 100% ± 0.3% and a high 
complete disappearance rate of 96.6% [37], highlighting 
the importance of extended follow-up for thoroughly 
evaluating lesion absorption.

The 14.7% rate of transient hoarseness in our study 
involving T2N0M0 PTC was notably higher than 5.4% 
reported in another study involving T1N0M0 PTC [13]. This 
increase in the incidence of hoarseness was attributed 
to the larger size of the nodules and their proximity 
(within 4 mm) to the tracheoesophageal groove in all five 
cases, posing challenges in entirely eradicating tumors 
while preserving RLN integrity [38]. Additionally, mass 
calcification was observed in the tumor in two cases treated 
with RFA, potentially obscuring the vision of the ablation 
zone and intensifying heat transmission, thereby risking 
damage to the RLN [39]. However, all hoarseness cases 
resolved spontaneously within 3 months, and no instances 
of permanent RLN palsy were observed. This differed from 
the results of a thyroidectomy study, which showed a lower 
transient hoarseness rate of 2.8% but a higher rate of 
permanent RLN paralysis, at 1.6% [40].

To protect the RLN during thermal ablation, continuous 
hydro-dissection was employed to prevent damage to the 
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Fig. 6. Kaplan–Meier curves for tumor disappearance. A: Graph illustrating Kaplan–Meier curves for cumulative tumor disappearance in 
34 patients with T2N0M0 papillary thyroid cancer. B: The graph shows the Kaplan–Meier curves for cumulative tumor disappearance in 
RFA and MWA groups. RFA = radiofrequency ablation, MWA = microwave ablation
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surrounding structures, and the moving shot technique was 
used to minimize ablation time and thermal injury [41]. 
Due to its non-conductive properties, sterilized water has 
been employed in RFA, as an alternative to 5% glucose 
water [21,42]. Despite its hypoosmolar nature, owing to 
the small volume used in thyroid ablation, sterilized water 
cannot cause systemic fluid shifts. Despite these preventive 
measures, the complication rate tended to be higher in 
the RFA group than in the MWA group (21.1% vs. 6.7%); 
however, the difference was not significant (P = 0.355). 
The limited cohort size in this study may have provided 
insufficient power to detect a significant difference, 
indicating the need for further research with a larger sample 
size to assess the safety of these ablation modalities.

This study has a few limitations. First, the duration of the 
follow-up regarding the long-term outcomes was relatively 
short. Second, the disease progression rate was higher than 
that typically reported for T1N0M0 PTC, possibly because of 
the limited cohort size [12]. Third, the retrospective nature 
of this study may have led to an inherent selection bias. 
Fourth, accurate identification of aggressive pathological 
subtypes using US-guided biopsy is challenging [43]. 
Consequently, further in-depth studies with extended follow-
up periods and larger sample sizes are required.

In conclusion, our initial findings suggest that both MWA 
and RFA are effective and safe short-term treatments for 
solitary low-risk T2N0M0 PTC with no significant differences. 
Therefore, thermal ablation may be a potential alternative 
for patients with T2N0M0 who are unwilling or unable to 
undergo surgery.
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