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Efficacy and safety of ultrasound-guided radiofrequency, microwave and laser
ablation for the treatment of TINOMO papillary thyroid carcinoma on a large
scale: a systematic review and meta-analysis

Xuemeng Gao, Yang Yang, Yitong Wang and Ying Huang

Department of Ultrasound, Shengjing Hospital of China Medical University, Shenyang, Liaoning, China

ABSTRACT

Background: To analyze the efficacy and safety of radiofrequency ablation (RFA), microwave ablation
(MWA) and laser ablation (LA) in TINOMO papillary thyroid carcinoma (PTC) patients by evaluating
data on several outcomes on a large scale.

Materials and methods: Literature searches were conducted in PUBMED, EMBASE and the Cochrane
Library for studies of thermal ablation (TA) for treating TINOMO PTC. Data on the volume reduction
rate (VRR) at the 12-month follow-up and final follow-up, complete disappearance rate, local recur-
rence rate, lymph node metastasis rate, and complication rate of RFA, MWA and LA were evaluated
separately. RFA effects were compared between T1aNOMO and T1bNOMO patients.

Results: A total of 36 eligible studies were included. RFA presented superior efficacy than MWA in 12-
month VRR. At the final follow-up, the difference was slight in subgroups, showing a significant reduc-
tion. The complete disappearance rate of LA (93.00%) was higher than that of RFA (81.00%) and MWA
(71.00%). Additionally, the local recurrence rate pooled proportions of MWA and RFA were both
2.00%, lower than that of the LA group (3.00%). There was no event of distant metastasis. The lymph
node metastasis rates were similar, as RFA (1.00%) had the lowest. For minor complication rates, the
pooled proportions of RFA (3.00%) were smaller than those of LA (6.00%) and MWA (13.00%).
T1aNOMO lesions presented with better outcomes than T1bNOMO lesions.

Conclusion: RFA, MWA and LA were reliable in curing PTC, and RFA presented advantages in most
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outcomes. TTaNOMO patients may experience fewer side effects than TTbNOMO patients.

1. Introduction

Thyroid cancer incidence has risen since the early 1970s
largely due to increased detection of small papillary thyroid
cancer (PTC) [1]. The age-standardized incidence in China
rose from 3.21/10° in 2005 to 9.61/10° in 2015 [2]. Recent
research has revealed that overdiagnosis may contribute to
an increase in cases of PTC, probably related to the devel-
oped sensitivity in detecting micro-sized tumors [3]. PTC is
the most common subtype and carries the best overall prog-
nosis [4]. According to the TNM stage classification, thyroid
cancer with a diameter equal to or less than 2cm is charac-
terized as TINOMO. The 7th edition of the American Joint
Committee on Cancer (AJCC) staging system trialed a subdiv-
ision of T1 tumors into T1a (<1cm) and T1b (1.0-2cm) [5].
Surgical resection (SR) is widely performed according to
several guidelines as the first-line treatment for PTC patients
[6,7]. However, for low-risk PTC, controversies about surgery
or less-invasive therapy exist across the phases of disease
management [8]. A previous study found that surgical treat-
ments had side effects and influenced patients’ quality of life

in terms of their health [9]. Thermal ablation (TA) is highly
recommended as a proper treatment in low-risk PTC patients
who are at surgical risk, have a short life expectancy and
relevant comorbidities, or are unwilling to undergo surgery,
according to the Europe 2021 Clinical Practice Guideline for
the Use of Minimally Invasive Treatments in Malignant
Thyroid Lesions [10]. In recent decades, a growing number of
studies have confirmed the therapeutic effect of TA as a safe
and effective minimally invasive treatment, including radio-
frequency ablation (RFA), microwave ablation (MWA) and
laser ablation (LA), each with their own benefits and draw-
backs. For instance, a study presented that RFA was an
effective and safe treatment alternative for TINOMO PTC, but
that it could cause the risks of incompletely ablated tumors
and LNM metastasis [11]. Other studies suggested that PTC
patients under MWA therapy also experienced a low inci-
dence of complications and good therapeutic effects [12,13].
Therefore, a comprehensive evaluation of the efficacy and
safety of the three thermal techniques is required to provide
patients with suitable treatment options. The efficacy of TA
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Eligibility Screening  Identification

Included

Citations identified through databases searching
(n=1537): Embase (n=899), Pubmed (n=596),

Cochrane Library (n=42)

Records after duplicates removed

(n=378)

Records screened

(n=1159)

Records excluded (n=1072):

Not in the field of interest (549)

Case reports (26)

Review articles (148)
Editorials/chapters/erratums/guidelines/letters/
notes/trial registry records/abstracts/animal

Full-text articles assessed for eligibility

(n=87)

experiments (231)
Not written in English (118)

Records excluded (n=51):

Studies included in qualitative synthesis

(n=36)

Studies included in qualitative synthesis

(Meta-analysis)

(n=36)

Figure 1. Flow diagram of article selection process.

Table 1. Characteristics of the studies included in this meta-analysis.

Patient overlap (3)
Not in the field of interest (48)

Ablation Follow-up (m/d)
Authors Year modality Study design No. patients Age mean £ SD Male/female mean + SD NOS-Gen
Yan et al. [18] 2022 RFA Retrospective 55 42,67 = 11.11 8/47 46.61 £ 1234 m 8
Yan et al. [ 18] 2022 RFA Retrospective 55 44,09 + 9.89 11/44 4793 £ 1145 m 8
Zhang et al. [19] 2022 RFA Retrospective 133 45.77 £ 9.88 36/97 6.45 + 492 m 8
Yan et al. [20] 2022 RFA Retrospective 91 43.0 £ 13.0 18/73 509 £ 159 m 7
He et al. [21] 2021 RFA Retrospective 95 66 + 4.4 71/24 36.6 £ 16.6 m 8
He et al. [22] 2021 RFA Retrospective 71 4394 23/48 NA 7
Song et al. [23] 2021 RFA Retrospective 115 449 £ 104 18/97 26.97 £ 9.62 m 8
Xiao et al. [24] 2021 RFA Retrospective 131 412 £ 109 27/104 262+ 133 m 8
Xiao et al. [24] 2021 RFA Retrospective 131 41.1 £ 103 28/103 25.1 £ 106 m 8
Xiao et al. [25] 2021 RFA Retrospective 91 40.7 + 9.3 19/72 26.0 = 103 m 8
Yan et al. [26] 2021 RFA Retrospective 414 43.56 + 9.79 323/91 4215+ 1188 m 8
Yan et al. [27] 2021 RFA Retrospective 332 441 £ 9.5 82/250 47.0 £ 188 m 8
Yan et al. [28] 2021 RFA Retrospective 47 43.39 = 9.26 37/10 4777 £ 11.54 m 8
Cho et al. [29] 2020 RFA Retrospective 74 46 + 12 8/66 72 +18 m 7
Song et al. [30] 2020 RFA Retrospective 112 449 £ 10.6 94/18 302+ 139 m 8
Wu et al. [31] 2020 RFA Retrospective 198 425 + 9.5 141/57 259+ 45m 7
Xiao et al. [16] 2020 RFA Retrospective 66 41.0 £+ 9.2 52/14 20574 m 8
Zhang et al. [32] 2020 RFA Retrospective 94 454+10.8 24/70 642 + 28 m 8
Ding et al. [33] 2019 RFA Retrospective 37 45.14 £ 12.96 8/29 6.7+40m 7
Lim et al. [34] 2019 RFA Retrospective 133 46 + 12 19/114 39+25m 8
Wei et al. [35] 2022 MWA Retrospective 350 44 £ 12 82/268 2531 £ 8.06 m 8
Zheng et al. [36] 2022 MWA Retrospective 21 45,05 + 9.17 12/9 36.1 £55m 8
Lu et al. [37] 2021 MWA Retrospective 73 38.71 £ 11.82 60/13 812 £ 454 m 7
Cao et al. [38] 2021 MWA Retrospective 34 43 + 11 8/26 17+9m 8
Wang et al. [39] 2021 MWA Retrospective 63 43.56 + 14.172 12/51 NA 7
Wu et al. [40] 2021 MWA Retrospective 106 4439 + 11.13 19/87 2495 £ 1055 m 8
Zu et al. [12] 2021 MWA Retrospective 320 44.99 + 10.62 83/237 890.7 + 5329 d 7
Teng et al. [41] 2020 MWA Retrospective 41 46.10 + 8.85 13/28 NA 8
Yue et al. [42] 2020 MWA Prospective 119 48.7 £ 11.8 27/92 372+ 209 m 7
Lia et al. [43] 2019 MWA Retrospective 168 47.36 + 10.75 36/132 753 +520d 8
Teng et al. [44] 2019 MWA Retrospective 185 422 £ 117 40/145 20.7 £+ 88 m 8
Teng et al. [45] 2018 MWA Retrospective 15 48.0 + 8.8 6/9 NA 8
Zhang et al. [46] 2022 LA Retrospective 12 38.75 £ 6.80 3/9 19.75 + 1146 m 8
Zhang et al. [46] 2022 LA Retrospective 60 3933 £9.72 11/49 16.33 £ 10.01 m 8
Kim et al. [47] 2021 LA Retrospective 90 48.7 £ 10.7 7/83 111.6 £ 20.7 m 7
Peng et al. [48] 2021 LA Retrospective 105 441 £12.2 31/74 654 +63m 8
Ji et al. [49] 2019 LA Retrospective 37 439 = 17.6 12/25 16569 m 8
Zhou et al. [50] 2019 LA Retrospective 36 415+ 113 14/22 492 +45m 8
Zhang et al. [51] 2018 LA Retrospective 64 425+ 123 23/41 257 £82m 8

SD, standard deviation; NA, data unavailable; m, month; d, day.



on PTC has been examined by several meta-analyses, though
typically on a small scale, and the outcomes have occasion-
ally been contradictory [14,15].

In order to further explore the safety and efficacy of dif-
ferent thermal treatments of TINOMO PTC, as well as to com-
pare the RFA effect between T1aNOMO PTC and T1bNOMO
PTC, we thus conducted a large-scale meta-analysis and syn-
thesized the results with previous meta-analyses.

2. Materials and methods
2.1. Literature search strategy

Two reviewers (blinded and blinded) independently performed
the literature search. The search terms were (“Thyroid
carcinoma” OR “Thyroid microcarcinoma” OR “Thyroid malig-
nancy”) AND (“radiofrequency ablation” OR “RFA” OR “laser
ablation” OR “LA” OR “microwave ablation” OR “MWA" OR
“thermal ablation”) Data were collected based on PubMed,
Embase, and Cochrane Library from the establishment of
the database to November 18, 2022. The search terms were
as follows: in PubMed, ((thyroid [Title/Abstract]) AND
((((Carcinoma[MeSH Terms]) OR (carcinoma [Title/Abstract]))
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[Title/Abstract]))) AND (((((((((((Radiofrequency ablation [MeSH
Terms]) OR (radiofrequency [Title/Abstract])) OR (radio
frequency[Title/Abstract])) OR (radio-frequency[Title/Abstract]))
OR (RFA[Title/Abstract])) OR (microwave [Title/Abstract])) OR
(micro wave [Title/Abstract])) OR (microwave [Title/Abstract]))
OR (MWA[Title/Abstract]) OR (laser[Title/Abstract])) OR
(LA[Title/Abstract])) OR (thermal ablation [Title/Abstract])).

2.2. Inclusion criteria

Two reviewers selected relevant studies by screening the
literature search results. Studies meeting all of the follow-
ing criteria were included: 1) ultrasound-guided biopsy
confirmed PTC [10]; 2cm or less in maximum diameter; 2)
absence of lymph node (LN) metastasis, distant metastasis,
and extrathyroidal extension (ETE); 3) patients received
RFA, MWA or LA treatment, independent outcomes
reported for each TA technique; 4) retrospective and pro-
spective observational studies were both included; and 5)
reported details on outcomes (i.e. local recurrence, volume
reduction rate, complete disappearance rate and major or

OR (microcarcinoma [Title/Abstract])) OR (malignancy minor complications).
%

Study Weight
ID ES (95% Cl) (V)

|
Lin Yan, 2022 —— 87.81(78.59, 97.03) 424
Lin Yan, 2022 Lo— 89.09 (82.27, 95.91) 7.76

i
Hongying He, 2021 —0—: 77.99 (68.89, 87.09) 4.35

|
Jing Xiao, 2021 ——  83.25(76.25, 90.25) 7.36
Jing Xiao, 2021 - 8257 (78.25, 86.89) 19.36
Jing Xiao, 2021 ——  85.42(80.31,90.53) 13.84
Lin Yan, 2021 4 86.78(83.46,90.10) 32.70
Lin Yan, 2021 ———  77.85(65.64, 90.06) 242
Se Jin Cho, 2020 —0—5 54.00 (24.49, 83.51) 0.41

|
Jing Xiao, 2020 ——  84.64 (77.73,91.55) 7.56
I-V Overall (I-squared = 25.9%, p = 0.205) Q 84.84 (82.94, 86.74) 100.00
D+L Overall 0 84.53 (82.12, 86.94)

i

i

I

T T
97 0 97

Figure 2. RFA’s pooled estimates of VRR at the 12-month follow-up.
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2.2.1. Exclusion criteria

Two reviewers selected relevant studies by screening the lit-
erature search results. Studies meeting any of the following
criteria were excluded: 1) case reports or series with fewer
than 5 patients; 2) abstracts, reviews, comments, letters,
guidelines and editorials; 3) studies not written in English; 4)
studies with overlapping cohorts; and 5) studies not focusing
on therapeutic efficacy and safety.

2.3. Data extraction

The following characteristics were extracted from the
included studies: 1) study characteristics: first author, publica-
tion year, affiliation, study period, study design style, treat-
ment methods of TA and sample size; 2) patients’
demographic and clinical characteristics: mean age, sex, abla-
tion technique (RFA, MWA, or LA), and follow-up interval; 3)
therapeutic efficacy characteristics: local recurrence, lymph
node metastases, complete disappearance rate, 12-month
follow-up volume reduction rate, final follow-up volume
reduction rate; and 4) safety characteristics: major and minor
complications.

Local recurrence was defined as the recurrence of PTC in
the original surgical site or original ablation focus as well as
the emergence of new PTC in other parts of the thyroid [12].

Complete disappearance was defined as any of the following
descriptions: ‘completely disappeared’, ‘completely absorbed’
or ‘completely resolved’. The volume reduction rate (%) was
calculated as ([initial tumor volume final tumor
volume] x 100)/initial tumor volume) [16]. Complications
were evaluated by the reporting standards of the Society of
Interventional Radiology [17]. Major complications (such as
transient (lasting >1month) or permanent voice changes,
postoperative hypothyroidism, hypoparathyroidism or hyper-
thyroidism, brachial plexus injury and dysphagia) and minor
complications (such as voice changes less than 1month,
bleeding, vomiting, skin burn, fever, local infection and
severe pain that needed medication) were included.

2.4. Quality assessment

Since the studies included were nonrandomized controlled,
retrospective or prospective observational studies, two
researchers independently conducted the Newcastle-Ottawa
Scale (NOS) to evaluate the literature quality.

2.5. Data synthesis and statistical analysis

The standard mean difference (SMD) of the volume reduc-
tion rate at the 12-month follow-up and final follow-up was

%

Study Weight
D ES (95% Cl) (D+L)
i
1
Chenya Lu, 2021 —_——— 56.30 (37.66, 74.94) 23.55
1
1
1
Xinya Wang, 2021 —_— 40.60 (16.28, 64.92) 20.40
1
1
1
Jie Wu, 2021 + 22,00 (-24.64, 68.64) 10.94
1
1
1
Yuan Zu, 2021 — 26.46 (-2.33, 55.25) 18.06
1
1
1
Teng DK, 2020 +- , -9.89 (-83.47, 63.69) 561
1
1
Dengke Teng, 2018 | 7669(54.24,99.14) 21.43
1
D+L Overall (I-squared = 61.4%, p = 0.024) <> 44,61 (25.28, 63.93) 100.00
1V Overall <> 50.34 (39.44, 61.25)
1
1
1
1
NOTE: Weights are from random effects analysis :
1
T T

-99.1 0

Figure 3. MWA's pooled estimates of VRR at the 12-month follow-up.



conducted as continuous data. We analyzed dichotomous
data as odds ratios (ORs) or risk ratios (RRs) using the pro-
portion of complete disappearance, local recurrence, lymph
node metastasis, and major and minor complications. These
data were used as the main outcomes for this meta-
analysis.

Statistical analysis was conducted with Stata 15.0. All
studies included were performed through both the fixed-
effect model and the random-effects model. Then, I* and Q
tests were used to evaluate heterogeneity. If the heterogen-
eity test result was p>0.1 and 1> < 50%, the fixed-effect
model was used; otherwise, if p<0.1 and 1> > 50%, the
data were analyzed using the DerSimonian-Laird random-
effect model. For studies with heterogeneity, we conducted
a sensitivity analysis to fully explore its source. Furthermore,
publication bias was evaluated using funnel plots and
Egger’s test for studies whose sample size > 10. A p value
< 0.05 was considered to indicate significant publication
bias.

A protocol was developed and published (PROSPERO
CRD42023399526).

Study

Lin Yan, 2022

Lin Yan, 2022
Hongying He, 2021
Qing Song, 2021

Jing Xiao, 2021

Jing Xiao, 2021

Jing Xiao, 2021

Lin Yan, 2021

Lin Yan, 2021

Se Jin Cho, 2020
Rong Wu, 2020

Jing Xiao, 2020

M. Ding, 2019

Hyun Kyung Lim, 2019
D+L Overall (I-squared = 73.0%, p = 0.000)
I-V Overall

NOTE: Weights are from random effects analysis
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3. Results
3.1. Literature search

The article selection process is presented in detail in
Figure 1. The initial literature search identified 1537 articles.
After removing duplicates, 1159 articles were screened. Then,
1072 were excluded, including 549 unrelated studies, 26 case
reports, 148 review articles, 231 in other formats and 118 not
written in English. After 87 full-text articles were assessed for
eligibility, 48 unrelated articles were removed, and three
articles were excluded due to overlapping cohorts. In the
case of patient overlap, studies with larger sample sizes were
chosen. Finally, 36 studies were included in this meta-
analysis.

3.2. Characteristics of the included studies

The detailed characteristics of the 36 included studies are
presented in Table 1. Among these articles, 35 studies were
retrospective, and 1 was prospective. Generally, 18 studies

%

Weight

ES (95% Cl) (D+L)
4 100.00 (99.87, 100.13) 9.93
4 99.87 (99.73, 100.01) 9.44
4 99.78 (99.47, 100.09) 428
4 100.00 (99.91, 100.09) 11.72
4 100.00 (99.91, 100.09) 11.96
# 99.31(98.82, 99.80) 212
0' 99.00 (98.29, 99.71) 1.09
OI 98.81 (98.19, 99.43) 1.40
4 99.94 (99.89, 99.99) 13.11
4 100.00 (99.89, 100.11) 11.05
4 99.80 (99.66, 99.94) 9.70
@ 99.11 (98.52, 99.70) 1.52
); 99.34 (98.23, 100.45) 0.46
4 100.00 (99.92, 100.08) 12.21

I 99.89 (99.82, 99.97) 100.00

| 99.95 (99.92, 99.98)

I
-100 0

Figure 4. RFA’s pooled estimates of VRR at the final follow-up.
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%
Study Weight
D ES (95% Cl) ()

i
Ying Wei, 2022 & 98.90 (98.26, 99.54) 12.01
Xinya Wang, 2021 4 99.43 (99.04, 99.82) 3222
|
Teng DK, 2020 ' 99.37 (98.14, 100.60) 324
1
Yue WW, 2020 4 99.40 (99.00, 99.80) 31.39
Deng-Ke Teng, 2019 & 9865 (98.16, 99.14) 2029
—
1
Dengke Teng, 2018 # 98.78(96.38,101.19) 0.85
1
|-V Overall (I-squared = 38.7%, p = 0.148) ' 99.19 (98.97, 99.41) 100.00
D+L Overall ' 99.15 (98.84, 99.47)
1
1
1
1
1
L
I I
-101 0 101
Figure 5. MWA'’s pooled estimates of VRR at the final follow-up.
%
Study Weight
D ES (95% CI) V)
1
1
Lu Zhang, 2022 ) 100.00 (99.81, 100.19) 7.54
1
1
1
Lu Zhang, 2022 4 100.00 (99.87, 100.13) 17.39
1
1
= ! -
Ho Jin Kim, 2021 4/ 100.00 (99.90, 100.10) 26.09
1
1
Kai Peng , 2021 4 100.00 (99.90, 100.10) 3043
1
1
1
Lu Zhang, 2018 4! 100.00 (99.88, 100.12) 18.55
1
1
1-V Overall (I-squared = 0.0%, p = 1.000) 100.00 (99.95, 100.05) 100.00
D+L Overall 100.00 (99.95, 100.05)
1
1
1
1
1
1
1
T T
0

-100 0 1

Figure 6. LA’s pooled estimates of VRR at the final follow-up.
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%
Weight

Study ES (95% CI) (Random)

T
Lin Yan, 2022 : —— 0.96 (0.90, 0.99) 6.71
Lin Yan, 2022 —E—‘— 0.89 (0.78, 0.96) 6.52
Chao Zhanga, 2022 —_— d 0.29 (0.22, 0.38) 6.74
Lin Yan, 2022 —0—%— 0.75 (0.65, 0.83) 6.66
Hongying He, 2021 —— H 0.46 (0.36, 0.57) 6.67
Qing Song, 2021 E -4 1.00 (0.97, 1.00) 6.71
Jing Xiao, 2021 + 0.82 (0.74, 0.88) 6.73
Jing Xiao, 2021 —_— E 0.56 (0.45, 0.66) 6.66
Jing Xiao, 2021 —_— : 0.53 (0.44, 0.61) 6.73
Lin Yan, 2021 E - 0.88 (0.85, 0.91) 6.85
Lin Yan, 2021 : —_— 0.92 (0.85, 0.96) 6.68
Se Jin Cho, 2020 E —4 1.00 (0.96, 1.00) 6.64
Jing Xiao, 2020 —_— : 0.58 (0.45, 0.70) 6.58
M. Ding, 2019 : — 0.97 (0.86, 1.00) 6.36
Hyun Kyung Lim, 2019 E —&—  0.91(0.86, 0.95) 6.76
Random Overall (1"2 = 97.29%, p = 0.00) < = 0.81 (0.69, 0.91) 100.00
Fixed Overall 0.82 (0.80, 0.83)

)

I

| T T : T T
-5 0 5 1 1S

Figure 7. RFA’s pooled proportions of complete disappearance rate.

were performed by RFA, 12 studies by MWA and 6 studies
by LA.

3.2.1. Volume reduction rates at the 12-month follow-up

Initially, we collected 13 studies on RFA, 8 studies on MWA,
and 4 studies on LA. The heterogeneity test of mean volume
reduction rates at the 12-month follow-up were I> = 95.0%
in RFA, I = 92.3% in MWA and I> = 98.1% in LA. Significant
heterogeneities were shown in all groups, so we conducted
sensitivity analysis. Three articles on RFA, two articles on
MWA and two articles on LA were found to have high inter-
ference with the results. The principles of statistics in the
meta-analysis were as follows: sample sizes larger than three
were enrolled. Thus, 10 studies in RFA, 6 studies in MWA,
and no study in LA were included using random effect
models: pooled estimates were 84.844% (95% Cl:

82.944%~86.743%, I> = 25.9%; Figure 2) in RFA and 44.609%
(95% Cl: 25.283%~63.935%, |I> = 61.4%; Figure 3) in MWA.

3.2.2. Volume reduction rates at the final follow-up

Fourteen RFA related, 10 MWA related, and 5 LA related
researches were initially included. The heterogeneity test
demonstrated I° = 73.0% (RFA), I> = 98.1% (MWA) and
I> = 0.0% (LA). The RFA and MWA groups presented signifi-
cant heterogeneities, so sensitivity analysis was performed.
Two articles on MWA were found to have high interference
with the results. Finally, we included 8 studies in MWA in the
analysis. RFA and MWA were performed by a random effect
model, and LA was performed by a fixed effect model. The
mean volume reduction rates at the final follow-up after
RFA, MWA and LA therapy, achieved pooled estimates of
99.892% (95% Cl: 99.815%~99.969%, 1> = 73.0%; Figure 4),
99.191% (95% Cl: 98.970%~99.413%, > = 38.7%; Figure 5)
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Figure 8. MWA's pooled proportions of complete disappearance rate.
and 100.00% (95% Cl: 99.947%~100.00%, 1> = 0.00%; Figure 10) in T1aNOMO PTC and 60.00% (95% Cl,
Figure 6). 50.00%~70.00%, I> = 75.90%; Figure 11) in TTbNOMO PTC.
3.2.3. Complete disappearance rate 3.2.4. Local recurrence
The heterogeneity test presented I° = 97.29% in RFA, Fifteen studies with RFA, seven studies with MWA, and 5

I> = 96.43% in MWA and I> = 94.89% in LA, with 15 studies
from RFA, 13 studies from MWA, and 7 studies from LA.
After sensitivity analysis, one article in MWA was found to
have high interference with the results, so we performed an
analysis based on the remaining 12 articles. A random effect
model was used in all groups. Results achieved pooled pro-
portions of 81.00% (95% Cl: 69.00%~91.00%, I = 97.29%;
Figure 7) in RFA, 71.00% (95% Cl: 60.00%~81.00%,
I = 93.62%; Figure 8) in MWA and 93.00% (95% Cl: 77.00%-
100.00%, I* = 94.89%; Figure 9) in LA.

Specifically, in the RFA subgroup, the heterogeneity test
result was I> = 97.45% in T1aNOMO PTC and I> = 75.90% in
T1bNOMO PTC. Significant heterogeneities were found in
T1aNOMO, and after sensitivity analysis, one article was
excluded. Therefore, the final outcomes of the pooled pro-
portion were 91.00% (95% Cl, 83.00%~97.00%, 1> = 94.76%;

studies with LA were included after screening. Local recur-
rence demonstrated a pooled proportion of 2.00% (95% Cl:
2.00%~3.00%, I* = 0.00%; Figure 12) in RFA, 2.00% (95% Cl:
1.00%~2.00%, 1> = 37.75%; Figure 13) in MWA and 3.00%
(95% Cl: 1.00%~6.00%, 1> = 22.03%; Figure 14) in LA using a
fixed effect model.

The results in RFA were 2.00% (95% Cl, 1.00%~3.00%,
1> = 17.22%; Figure 15) in T1aNOMO PTC and 3.00% (95% Cl,
1.00%~5.00%, 1> = 0.00%; Figure 16) in T1bNOMO PTC
through a fixed effect model.

3.2.5. Lymph node metastases

The pooled proportions for lymph node metastases were
1.00% (95% Cl: 0.00%~1.00%, 1> = 0.00%; Supplementary
Figure S1), 2.00% (95% Cl: 1.00%~3.00%, I° = 0.00%;
Supplementary Figure S2) and 2.00% (95% Cl: 0.00%~4.00%,


https://doi.org/10.1080/02656736.2023.2244713
https://doi.org/10.1080/02656736.2023.2244713
https://doi.org/10.1080/02656736.2023.2244713

INTERNATIONAL JOURNAL OF HYPERTHERMIA 9

%

Weight
Study ES (95% CI) (Random)
\
Lu Zhang, 2022 ——— 1.00 (0.87, 1.00) 13.59
|
Lu Zhang, 2022 | —# 1.00 (0.94, 1.00) 14.45
1
1
Ho Jin Kim, 2021 ! =4 1.00(0.96, 1.00) 14.69
1
1
Kai Peng, 2021 1—# 0.98 (0.93, 1.00) 14.76
1
1
Lili Ji, 2019 —_—— i 0.32 (0.18, 0.50) 14.03
1
1
Wei Zhou, 2019 ——%— 0.94(0.81, 0.99) 14.00
1
I
Lu Zhang, 2018 —_—— 0.80 (0.68, 0.89) 14.49
1
Random Overall (142 = 94.89%, p = 0.00) <> 0.93 (0.77, 1.00) 100.00
1
Fixed Overall <> 0.95 (0.92, 0.97)
1
1
1
1
i
f T T — T
-5 0 5 1 15

Figure 9. LA’s pooled proportions of complete disappearance rate.

I> = 0.00%; Supplementary Figure S3) with a fixed effect
model, among nine studies in RFA, six studies in MWA, and
five studies in LA, respectively.

The RFA subgroup presented a pooled proportion of
1.00% (95% CI: 0.00%~1.00%, > = 0.00%; Supplementary
Figure S4) in T1aNOMO PTC and 1.00% (95% CI
0.00%~2.00%, I*> = 0.00%; Supplementary Figure S5) in
T1bNOMO PTC through the fixed effect model.

3.2.6. Complication rates

After screening the studies, three studies in RFA, four studies
in MWA and no study in LA were found to have major com-
plications. Since sample sizes that were larger than three
were considered significant, the major complication rate was
not available for meta-analysis. Thus, we focused mainly on
the minor complication rate.

We considered 11 related researches from RFA, 8 related
researches from MWA, and 5 related researches from LA in
the final analysis. For the minor complication rates, the
pooled proportions were 3.00% (95% Cl: 2.00%~4.00%,
1> = 0.00%; Supplementary Figure S6) in RFA, 13.00% (95%
Cl: 5.00%~25.00%, 1> = 95.33%; Supplementary Figure S7) in
MWA and 6.00% (95% Cl: 0.00%~17.00%, 1> = 88.17%;

Supplementary Figure S8) in LA. Significant heterogeneities
were shown in the MWA and LA groups, so we conducted
sensitivity analysis. No articles in both were found with high
interference with the results. Therefore, a fixed effect model
was conducted in the RFA group, and a random effect model
was conducted in both the MWA and LA groups.

3.3. Publication bias

The funnel plots were presented in the Supplementary
Figures S1-S17. The funnel plot of RFA’s VRR at the final fol-
low-up (Supplementary Figure S10) showed low symmetry
and the p values of Egger’s tests (0.001) was less than 0.05,
which is the obvious publication bias in this study. Other
studies were symmetrical with the p values of Egger's tests
more than 0.05, demonstrated no obvious publication bias.

4. Discussion

This meta-analysis analyzed the efficacy and safety of RFA,
MWA and LA on PTC patients by evaluating data on several
outcomes. Our findings showed that RFA demonstrated sig-
nificantly superior efficacy than MWA in 12-month VRR. This
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Figure 10. RFA’s pooled proportions of complete disappearance rate in TTaNOMO PTC.

finding is consistent with the previous study conducted by Li
et al. [52], which also indicated that RFA achieved much bet-
ter outcomes than MWA and LA. The three subgroups dif-
fered slightly for VRR in the final follow-up with LA showing
the most variation, followed by RFA, and MWA showing the
least variation, which was conformable with a previous meta-
analysis by Choi et al. [53].

Furthermore, the complete disappearance rate of LA was
higher than that of RFA and MWA. This result differed from
the findings of two previous meta-analyses [15,52]. However,
all studies insisted that RFA had a strong impact on CDR
than MWA. The fact that the LA group size was almost half
that of the other groups may have contributed to the differ-
ence in outcomes of LA data. Overall, all thermal techniques
achieved the pooled estimates of more than 99%, suggesting
that TA was an effective invasive treatment for PTC patients
to inactivate tumors. In addition, we focused on the local
recurrence rate. The pooled proportions of MWA and RFA
were both 2.00%, lower than that of the LA group. The
newly discovered lesions underwent secondary TA and
received full deactivation. When the cancer was adjacent to
the trachea, capsule, recurrent laryngeal nerve, common
carotid artery or other sensitive areas, the safety margin of

ablation was limited, which would relatively reduce the abla-
tion power and time, resulting in incomplete ablation and
residual primary cancer [52]. Moreover, extracapsular invasion
was difficult to diagnose by ultrasound and affected by oper-
ators’ experiences and machines. Therefore, TA was less satis-
fying on treating PTC under these circumstances. The
recurrence rate also may be related to the genetic factors.
The previous study has suggested that PTC patients with
BRAF(V600E) or TERT promoter mutation had a higher likeli-
hood for recurrence [54,55]. Thus, indolent PTCs without
aggressive genetic alterations were characterized by recur-
rence rate. Taken together, we could take gene expression
into consideration in future research. Besides, some studies
reported that local ablation could release immune-associated
antigens and enhance host adaptive immune responses, thus
suppressing the growth of primary lesions and metastasis
[56,57]. More studies could be explored on this field.

The lymph node metastasis rates were similar. RFA was
the lowest, and MWA and LA were both slightly higher. No
distant metastases were found. The reason could be as fol-
lows: on the one hand, the LNM detection was dependent
on the sonographer’'s experience. On the other hand, only
nodules with clearly diagnosed PTC were recruited, and
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Figure 11. RFA’s pooled proportions of complete disappearance rate in TTbNOMO PTC.

nodules that FNA or CNB could not identify were excluded
[44]. Due to X-ray exposition, CT scan, as an invasive and
expensive treatment, is not recommended for the diagnose
of LNM in PTC. Since metastasis of PTC was found to occur
in the central compartment first and then in the lateral com-
partment of neck, lymph node scans by sonographers with
experience more than five years is a valid, cost-effective and
highly sensitive diagnostic approach [58]. Generally, these
data suggested that TA gained stable and safe effects in
treating PTC patients. In terms of safety, the minor complica-
tion rates were analyzed. No life-threatening complications
were found during follow-up. Common complications were
transient hoarseness and burning sensation. When the
lesions were close to the region where the recurrent laryn-
geal nerve traverses, there was a relatively high risk of injury
to the recurrent laryngeal nerve during the ablation. Besides,
variation in operators’ experience may contribute to compli-
cation occurrence [59]. Hypo/hyperthyroidism was not
reported in major complications, since TA was effective to
avoid post-operative hypothyroidism. Thus, TA was unlikely
to cause significant thyroid function change as minimally
invasive treatment. The pooled proportions of RFA were
much smaller than those of LA and MWA, suggesting that
RFA may be superior in causing fewer side effects. The rea-
son could be explained by the heat production rates. In
MWA, when multiple antennae are used together to

propagate the current, the result is an exponential increase
in heating. MWA offers the ability to deliver more thermal
energy in a shorter time, resulting in a higher final tissue
temperature than RFA [60]. Therefore, the coagulation zone
size of RFA is limited [61]. For small-sized tumors such as
PTCs, MWA is not easy to manipulate and may produce a
larger zone of active heating than necessary, making it more
likely to cause injury to the adjacent nerves.

We also explored the separate effect of RFA on T1aNOMO
and TTbNOMO patients. In the present data, T1TaNOMO lesions
presented with superior results over TTbNOMO lesions in
terms of the complete disappearance rate. According to the
results of the local recurrence rate, RFA also achieved better
outcomes in T1aNOMO than in TTbNOMO. This conclusion was
consistent with that in a meta-analysis by Wang et al. [14].
Both groups had a pooled proportion of 1.00% in lymph
node metastases. All these data imply that RFA had a satisfy-
ing effect on treating TINOMO papillary carcinoma with a
more desirable influence. For low-risk PTC, the optimal man-
agement was controversial. Surgery may remove small indo-
lent lesions that likely would not have caused significant
morbidity. Several trials have shown no increase in mortality
of patients under active surveillance (AS) compared to imme-
diate surgery [62]. In a previous study, all patients agreed to
be treated with TA over surgery or AS. The study speculated
that the lower invasiveness and higher cosmetic results of TA
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Figure 12. RFA’s pooled proportions of local recurrence rate.

might be the reasons. Simultaneously, ablation could be pre-
ferred over AS because of anxiety and negative emotion
related with receiving a cancer diagnosis without receiving
active treatment [63]. Combining with our results, TA may
bridge the gap in treatment options for patients wishing to
have their PTMC managed in a minimally invasive way [64].
Although we only included patients in our analysis who
had no lymph node metastases before TA, accumulating
studies have confirmed that TA could also be effective in the
treatment of LNM from PTC [65]. A meta-analysis based on
this topic demonstrated that all TAs were safe and effective
for the treatment of cervical metastatic lymph nodes
(CMLNs) of PTC, which suggested that TA could be applied
more under this circumstance. The quality of life (QoL) of
patients after treatment has also become an essential part. A
previous study showed that the main risk factors affecting
QoL in PTC after RFA were female gender, psychological bur-
den, inattention, and neuromuscular system and pharyngea-
I/oral symptoms [66]. Therefore, preoperative examinations
are necessary to assess related symptoms, and psychological
intervention should be provided to improve the QoL [67].

There are a few limitations to our study. First, the majority
of the studies that were included were regionally concen-
trated from the same country. Second, the sample size of
the studies was limited, which could cause substantial biases.
Third, the studies included in this meta-analysis were all non-
randomized controlled studies due to the limitations of the
current research. Moreover, there were several outcomes
such as QoL we did not list in the data analysis, which could
be explored more in further studies.

5. Conclusion

In general, our meta-analysis evaluated the safety and effi-
cacy of RFA, MWA and LA in treating TINOMO PTC and made
extensive comparisons between the RFA efficacy of T1aNOMO
and T1bNOMO patients. We discovered that all three TA tech-
niques were reliable and satisfying in curing PTC lesions,
with RFA showing superior advantages over MWA and LA in
the majority of outcomes. Moreover, the results suggested
that T1aNOMO patients experienced fewer side effects than
those with T1TbNOMO. Based on the results of our analysis,
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Figure 14. LA’s pooled proportions of local recurrence rate.
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ultrasound-guided TA can be considered a safe and effective
treatment approach for patients with TINOMO PTC.
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