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Abstract 
Objecti v e: This pr ospecti v e observ ational cohort r eal-world study ev aluates and compar es the efficacy and pr ognosis of ultrasound 

(US) and gene-based micr ow av e a b lation (MWA) and surgical tr eatment in patients with low-risk papillar y thyr oid carcinoma (PTC), 
emphasizing the influence of genetic mutations on low-risk patient selection. 

Backgr ound: MWA, a minimall y inv asi v e tec hnique , is incr easingl y r ecognized in the mana gement of PTC. While traditional criteria 
for a b lation focus on tumor size, n umber, and location, the impact of genetic m utations on tr eatment efficacy r emains under explor ed. 

Methods: A total of 201 patients with low-risk PTC without metastasis were prospectively enrolled. All patients underwent US and 

next-generation sequencing to confirm lo w-risk status. P atients chose either a b lation or surgery and were monitored until November 
2024. Efficacy and complications were assessed using thyroid US and contrast-enhanced US. 

Results: The median follow-up of this study is 12 months. There is no significant difference between the a b lation gr oup (3.0%) and the 
surger y gr oup (1.0%) in disease fr ee survi v al ( P = 0.360). Howev er, the surger y gr oup exhibited a significantl y higher complication r ate , 
particularl y for temporar y h ypoparath yr oidism ( P < 0.001). Ab lation offers nota b le adv anta ges, including shorter tr eatment duration, 
faster r ecov er y, less intr aoper ati v e b lood loss, and r educed costs ( P < 0.001), while maintaining fav ora b le safety and compara b le 
efficiency. 

Conclusions: For patients with low-risk genetic m utations, a b lation pr ovides compara b le efficacy and disease fr ee survi v al to surger y, 
with significant benefits in safety, r ecov er y, and ov erall cost. Guided by US and next-generation sequencing, precise patient selection 

enhances the potential of a b lation as a pr omising, minimall y inv asi v e alternati v e to surger y in the mana gement of low-risk PTC . 

Keywords: papillary thyroid carcinoma; next-generation sequencing; micr ow av e a b lation; surgical tr eatment 
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Introduction 

P a pillary thyr oid carcinoma (PTC) is the most common type of 
thyroid cancer, accounting for 80%–90% of all thyroid malignan- 
cies [ 1 , 2 ]. In recent years, the detection rate of PTC has signif- 
icantl y incr eased, primaril y due to the widespr ead use of high- 
r esolution ultr asound (US). Despite this incr ease, the mortality 
rate of PTC has not risen accordingly [ 3 , 4 ]. Currently, surgery is 
the standard treatment for PTC; ho w e v er, it is associated with 

potential complications such as h ypoth yroidism, h ypoparath y- 
r oidism, r ecurr ent laryngeal nerve injury, and scar formation,
whic h can significantl y impact patients’ quality of life [ 5 ]. For 
asymptomatic , non-metastatic PTC patients , activ e surv eillance 
has emerged as an alternative to surgery, potentially avoiding un- 
necessary surgical side effects [ 6 , 7 ]. Nonetheless, the long-term,
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ynamic nature of active surveillance may be challenging for 
ome patients, particularly due to the anxiety and psychological 
tress often associated with a cancer diagnosis [ 8 , 9 ]. Addition-
ll y, certain PTC cases pr esent mor e a ggr essiv e featur es, includ-
ng early metastasis and lymph node involvement, necessitating 
r ompt interv ention [ 10 , 11 ]. Against this bac kdr op, ablation ther-
py has garnered increasing interest as an emerging treatment 
odality. 
Recent advances in interventional US have expanded the ap- 

lication of US-guided thermal ablation tec hniques—suc h as r a-
iofrequency ablation, laser ablation, and micro w ave ablation 

MWA)—in the treatment of malignant thyroid nodules, demon- 
tr ating pr omising outcomes . Under US guidance , thermal abla-
ion can pr ecisel y tar get the tumor and locall y heat the tumor
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issue, reducing the trauma and risk of complications associated
ith tr aditional sur gery. Studies hav e shown that US-guided ther-
al ablation has favorable results in PTC patients, including fewer

omplications , shorter hospital sta ys , and reduced disruption to
ail y life compar ed to sur gery, suggesting that ablation may serv e
s an alternative to both surgery and active surveillance [ 12 , 13 ].
urrent guidelines for PTC ablation recommend its use under the

ollowing conditions: tumor diameter ≤ 5 mm (or up to ≤ 1 cm if
ot closely adjacent to the capsule), distance of the nodule from
he inner posterior capsule > 2 mm, confirmed low-risk patho-
ogical subtype, absence of thyroid capsule or surrounding tissue
nv asion, no e vidence of m ultifocal thyr oid cancer or metastasis,
nd no family history of thyroid cancer or history of nec k r adi-
tion exposure during childhood/adolescence. Ablation therapy
ay be considered after fully informing patients that surgery re-
ains the primary treatment option, especially for those refus-

ng surgery and close follo w-up [ 14 ]. Ho w e v er, these guidelines do
ot adequately consider the role of genetic mutations, which are
ritical for assessing prognosis and determining individualized
reatment. 

Advances in genetic testing have made it an essential tool for
linical diagnosis and prognosis assessment, particularly in tu-
or risk stratification and personalized treatment. The develop-
ent, pr ogr ession, and pr ognosis of thyr oid cancer ar e known

o be influenced by various genetic mutations, including point
 utations suc h as B-Raf pr oto-oncogene, serine/thr eonine kinase
600E (BRAF V600E), rat sarcoma virus (RAS), r earr anged during

r ansfection (RET), telomer ase r e v erse tr anscriptase (TERT), tu-
or protein 53 (TP53), and phosphoinositide-3-kinase catalytic

ubunit alpha (PIK3CA), as well as gene fusions like coiled-coil do-
ain containing 6-r earr anged during transfection (CCDC6-RET)

nd E26 tr ansformation-specific (ETS) v ariant tr anscription fac-
or 6-neur otr ophic tyr osine r eceptor kinase 3 (ETV6-NTRK3) [ 15–
9 ]. Overlooking these genetic alterations may negatively impact
reatment efficacy and long-term pr ognosis. Mutations suc h as
RAF V600E (without concurrent TERT promoter mutation), RAS,

ncluding Harv ey r at sarcoma virus oncogene (HRAS), neuroblas-
oma RAS viral oncogene homolog (NRAS), Kirsten rat sarcoma vi-
al oncogene homolog (KRAS), and RET proto-oncogene/papillary
hyroid carcinoma (RET/PTC) rearrangements are generally as-
ociated with less a ggr essiv e tumor behavior and slo w er pro-
r ession, indicating a favor able pr ognosis. P atients with these
 utations, pr esenting with tumors ≤ 1 cm in diameter, soli-

ary lesions , no metastasis , no extr athyr oidal extension, and non-
nv asiv e pathological subtypes, as well as no history of radiation
xposur e or famil y history, may be consider ed as having low-risk
TC and potentially suitable for minimally invasive ablation ther-
 py [ 14 ]. Conv ersel y, patients with tumors > 1 cm, multifocal dis-
ase, local or distant metastasis, extr athyr oidal extension, v ascu-
ar inv asion, a ggr essiv e pathological subtypes, history of r adiation
xposur e, or famil y history, and those carrying high-risk muta-
ions (e.g. BRAF V600E with TERT promoter mutation, RAS mu-
ation with eukaryotic translation initiation factor 1A, X-linked
EIF1AX) m utation, TP53 m utation, PIK3CA m utation, or pr otein
inase B (AKT) serine/threonine kinase (AKT1) mutation are clas-
ified as having Intermediate-high risk PTC. These patients typ-
call y hav e mor e a ggr essiv e disease, a poor er pr ognosis, and an
ncreased risk of recurrence, warranting more aggressive treat-

ents such as total thyroidectomy [ 20–23 ]. The 2021 European
uidelines, based on clinical and molecular evidence linking TERT
romoter and TP53 mutations to tumor aggressiveness and poor
r ognosis, r ecommend a gainst ablation ther a py in patients with
hese mutations [ 24 ]. Ho w ever, this recommendation lacks robust
 vidence fr om high-le v el clinical trials, and the r elationship be-
ween other common mutations (such as BRAF and RAS) and
he efficacy of ablation ther a py r emains inadequatel y addr essed.

hile BRAF V600E and RAS m utations hav e been linked to in-
reased tumor aggressiveness and recurrence risk, their impact
n long-term outcomes following ablation ther a py is still unclear.
urrent guidelines do not fully address the role of genetic muta-

ions in determining the a ppr opriateness of ablation ther a py for
ow-risk PTC patients, particularl y r egarding how different muta-
ions may affect treatment outcomes. Ther efor e, further r esearc h
s warranted to elucidate the influence of genetic mutations on
blation ther a p y in lo w-risk PTC, to establish consensus, and to
ptimize treatment strategies. 

The critical importance of genetic testing in assessing the bio-
ogical behavior and prognosis of PTC underscores its value in the
ecision-making process for ablation therapy in low-risk PTC, es-
eciall y in r eal-world clinical settings . In vestigating the impact of
enetic mutations on the efficacy and prognosis of ablation ther-
p y in lo w-risk PTC could provide a stronger foundation for per-
onalized tr eatment. Additionall y, US guidance plays a k e y role in
ccur atel y locating the tumor and ensuring the effectiveness and
afety of ablation ther a py in r eal-world pr actice . T his study aims
o e v aluate the effectiv eness of US and gene-guided ablation ther-
p y in lo w-risk PTC patients and explor e the r ole of genetic test-
ng in risk assessment, with the goal of pr oviding ne w insights
nd evidence to support clinical decision-making in real-world
cenarios. 

ethods 

tudy design and participants 

 rom J anuary 2022 to November 2024, a total of 400 partici-
ants were initially screened for this prospective observational
ohort study, and 201 eligible participants were ultimately en-
olled. All patients underwent next-generation sequencing (NGS)
nd US before standard surgery or MWA at Sun Yat-sen Memorial
ospital (SYSMH) (Fig. 1 ). All patients provided written informed
onsent befor e tr eatment; it was emphasized that sur gery was
he standard tr eatment r ecommended by guidelines, while MWA
ould not pr e v ent r ecurr ent PTC or undetectable lymph node
etastasis. 
The inclusion criteria of this study were as follows: (i) PTC con-

rmed by fine-needle aspiration (FNA); (ii) confirmed low-risk mu-
ation types by NGS befor e sur gery; (iii) no se v er e functional dis-
ases, such as heart failure, severe respiratory diseases, or renal
ailure; and (iv) availability of complete follow-up data. The ex-
lusion criteria were as follows: (i) no local or distant metastasis
ssessed by imaging evaluations, including US or computed to-
ogr a phy (CT); (ii) lack of preoperative genetic testing or inability

o assess genetic test results; and (iii) inability to complete follow-
p or lost to follow-up during the study. Low-risk PTC is defined
s: (i) maximum tumor diameter ≤ 1 cm; (ii) solitary lesion; (iii) no
ocal or distant metastasis; (iv) no tumor invasion into extrathy-
oidal tissues; (v) no vascular in vasion; (vi) non-in vasive patholog-
cal subtype for the primary lesion (inv asiv e subtypes include tall
ell, columnar cell, diffuse sclerosing, solid/trabecular, and onco-
ytic variants); (vii) no history of head and neck radiotherapy dur-
ng adolescence; (viii) no family history of thyroid cancer; and (ix)
enetic testing showing BRAF V600E mutation (without concur-
 ent TERT m utation), RAS famil y gene mutations, (HRAS , NRAS ,
RAS), or other low-risk m utations, suc h as isolated RET/PTC) re-
rrangements [ 14 , 20 , 24 ]. Intermediate-high risk PTC is defined
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F igure 1. Study flo w dia gr am. Study flowc hart of patient inclusion for the study on low-risk PTC tr eatments at SYSMH. A total of 400 patients who 
underwent ablation or surgical treatment from January 2022 to November 2024 were initially screened for the prospective obversational cohort study. 
Exclusions included patients with multiple lesions or tumor diameters > 1 cm ( n = 124), those without malignancy indications in fine-needle 
aspiration biopsy (FNAB) and genetic testing (n = 2), and patients with genetic testing indicating intermediate-high risk PTC ( n = 11). Additionally, 
patients with cervical lymph node metastasis ( n = 18) were excluded. Ultimately, 245 patients with low-risk PTC were included, with 141 opting for 
surgery and 104 choosing ablation. After further exclusions for incomplete data, the final groups included 101 patients in the surgery group and 100 
patients in the ablation group. 
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as: (i) maximum tumor diameter > 1 cm; (ii) multifocal thyroid 

cancer; (iii) local or distant metastasis; (iv) primary lesion with ex- 
tr athyr oidal extension; (v) v ascular inv asion; (vi) primary lesion 

with an inv asiv e pathological subtype; (vii) history of head and 

nec k r adiother a py during adolescence; (viii) famil y history of thy- 
roid cancer; and (ix) genetic testing revealing high-risk mutation 

combinations, such as BRAF V600E or RAS mutations with concur- 
rent TERT or TP53 mutations, or RAS mutations combined with 

EIF1AX mutations. 
This study was a ppr ov ed by the institutional r e vie w boards 

of SYSMH (a ppr ov al No. SYSKY-2024–169-02) and adhered to the 
principles outlined in the Declaration of Helsinki. 

Assessment 
All participants underwent a pr e-tr eatment e v aluation, includ- 
ing labor atory tests, c hest X-r ay or CT scan, electr ocardiogr am 

(ECG), US, and contrasted-enhanced US (CEUS). Laboratory tests 
included complete blood count, thyroid function tests, and co- 
a gulation tests. Ima ging e v aluations, suc h as US and chest CT,
were conducted to exclude extr athyr oidal extension or evidence 
of local/distant metastasis. US-guided FN A w as performed to con- 
firm the diagnosis, and for patients with a history of nec k sur gery,
laryngoscop y w as conducted to e v aluate the status of the re- 
curr ent laryngeal nerv e. Pr eoper ativ e genetic testing was con- 
ducted to assess tumor a ggr essiv eness. Tumor volume was cal- 
culated using the formula V = π × a × b × c /6, where V repre- 
sents tumor volume, and a , b , c are the three perpendicular di- 
mensions of the tumor. The volume reduction ratio (VRR) was cal- 
ulated as VRR = [(initial volume − final volume) × 100]/initial 
olume. 

GS 

uring US-guided FNA, part of the tissue sample was allocated 

or routine pathological diagnosis, while the remainder was pre- 
erved in a nucleic acid preservation tube to maintain DNA in-
egrity. DN A extraction w as performed, and its concentration was

easured using a Qubit fluorometer. The extracted DNA un- 
erwent sequencing pr epar ation, including fr a gmentation, end-
 epair, and ada pter ligation. Libr aries wer e sequenced on the Illu-
ina MiniSeq platform. NGS was performed using a customized 

hyroid cancer gene panel covering BRAF, RAS, RET, TERT, TP53,
IK3C A, and EIF1AX mutations , among others . T he sequencing
epth was set at a minimum of 500 × to ensure high sensitivity
or mutation detection. Bioinformatics analyses included quality 
ontrol, alignment to the hg19 reference genome, and variant call-
ng using GATK and Anno var. P ost-sequencing data were analyzed
 gainst thyr oid cancer-r elated databases to gener ate genetic test-
ng reports. All genetic testing was conducted at the Molecular
nd Cellular Diagnostics Center of SYSMH, with rigorous quality 
ontrol and bioinformatics analysis ensuring data accuracy and 

eliability. 

blation procedures 

blation was performed by an experienced thyroid surgeon us- 
ng US guidance. A high-frequency (10–15 MHz) linear-array 
ransducer was used for real-time US guidance . T he imaging
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r otocol included gr ayscale US and color Doppler flow imaging
o assess tumor vascularity. CEUS was performed pre- and post-
r ocedur e to confirm complete ablation. Patients were positioned
upine, and local anesthesia was administer ed. Hydr odissection
as ac hie v ed by injecting a mixture of 2% lidocaine and saline

o separate the tumor from surrounding structures. Ablation was
erformed using the ECO-100A1 system with a disposable MWA
eedle, with output po w er betw een 30 and 45 W. The pr ocedur e
imed to ac hie v e complete ablation of the tumor and surround-
ng thyroid tissue to prevent recurrence . P ost-ablation US was per-
ormed to confirm complete ablation. Oper ativ e time was defined
s the time from the start of disinfection to US confirmation of
omplete tumor ablation. Hospitalization costs included preoper-
tive examinations, ablation materials, anesthesia, and postoper-
tiv e car e. 

urgical procedures 

hyroidectomy was performed by an experienced thyroid surgeon
sing either open or endoscopic methods . T he extent of surgery
as determined based on American Thyroid Association guide-

ines and patient pr efer ences, typicall y involving unilateral lobec-
omy and isthmus resection with central compartment lymph
ode dissection. Oper ativ e time was defined from the initial in-
ision to wound closure. Hospitalization costs included preopera-
iv e examinations, sur gical materials, anesthesia, and postoper a-
iv e car e. 

utcome 

he primary endpoint was disease pr ogr ession, defined as: (i) lo-
al r ecurr ence or cervical l ymph node metastasis confirmed by
NA; (ii) distant organ metastasis; and (iii) death due to tumor
r ogr ession. 

Secondary endpoints included the following. (i) Complications,
uch as permanent or transient h ypoparath yroidism, recurrent la-
yngeal nerv e injury, postoper ativ e hypertension, infection, fe v er,
ain, and nausea or v omiting. P ermanent h ypoparath yroidism
as defined as the need for calcium or vitamin D supplemen-

ation beyond 6 months, while tr ansient hypopar athyr oidism in-
icated r ecov ery within 6 months. Permanent r ecurr ent laryn-
eal nerve injury was defined as persistent voice changes be-
ond 6 months, while transient injury indicated recovery within 6
onths . (ii) Treatment costs , including pr eoper ativ e, sur gical, and

ostoper ativ e costs. (iii) Time of hospital stay. (i v) Operati ve time.
v) Ablation efficacy, defined as complete or incomplete ablation
ased on CEUS. (vi) Changes in ablation zone volume, measured
efore and after treatment. (vii) Changes in thyroid function dur-

ng the follow-up period. 

ta tistical anal ysis 

ll data analyses were performed using R software (version 3.6.1),
ith all statistical tests conducted as two-sided tests, and a P -

alue < 0.05 was considered statistically significant. Continu-
us variables were described as mean ± standard deviation (SD)
nd compared between groups using the independent samples
-test. For non-normally distributed data, the median (interquar-
ile range) was used for description, and group comparisons were
erformed using the Mann–Whitney U test. Categorical variables
er e pr esented as fr equenc y (per centa ge) and anal yzed using
earson’s χ2 test or Fisher’s exact test to assess differences in dis-
ribution between gr oups. Disease-fr ee surviv al (DFS) was visual-
zed using Kaplan–Meier survival curves, and group comparisons
ere performed using the log-rank test to evaluate the long-term
ffects of ablation ther a py vs. sur gery. The Cox pr oportional haz-
rds model was used to assess the impact of various factors on
FS, calculating the hazard ratio (HR) and its 95% confidence in-

erval (95% CI). Selection of variables for the Cox r egr ession in-
luded a univariate Cox r egr ession anal ysis to scr een factors in-
uencing DFS, such as patient age, sex, tumor size, gene mutation
ype, and treatment modality. Variables with a P -value < 0.10 in
niv ariate anal ysis wer e included in the m ultiv ariate Cox r egr es-
ion to control for potential confounding effects on DFS. Addition-
ll y, subgr oup anal yses wer e conducted based on gene m utation
ypes (BRAF V600E single mutation vs. BRAF combined with other
 utations vs. non-BRAF m utations vs. no detectable mutations)

o explore differences in tumor characteristics and the impact of
blation and surgery on treatment outcomes. 

To ensure sufficient statistical po w er for detecting differences
n complication rates between the two treatment groups, a
ample-size calculation was performed using PASS software (ver-
ion 15.0). Based on r ele v ant liter atur e and r etr ospectiv e data
rom our center, we assumed a complication rate of 0.45% in the
blation group and 7.98% in the surgery group. A one-sided Z-test
as applied with a significance le v el ( α) of 0.05 and a statistical
o w er of 80%. After accounting for a 15% dropout rate, the final
 equir ed sample size was 200 patients, with 100 patients in each
roup. In this study, we enrolled 100 patients in the ablation group
nd 101 patients in the surgery group, meeting the sample size re-
uirement and ensuring adequate statistical po w er. 

esults 

a tient char acteristics 

 total of 400 patients were prospectively enrolled at SYSMH, of
hom 201 met the eligibility criteria for this study. Among them,
00 patients opted for ablation ther a py, while 101 chose surgical
reatment. The mean age was 41.89 years in the ablation group
nd 40.79 years in the sur gery gr oup, with no statisticall y signif-
cant difference ( P = 0.481). No significant differences were ob-
erved between the two groups in terms of tumor location, mor-
hology, length-to-width ratio, maximum diameter, tumor vol-
me, US classification, blood flow signal, American College of Ra-
iology Thyr oid Ima ging Reporting and Data System (TI-RADS)
rade, or gene mutation types (all P > 0.05). The median follow-
p duration was also comparable between the groups, at 11.51
onths for the ablation group and 11.50 months for the surgery

roup ( P = 0.434). Furthermore, no significant difference in disease
r ogr ession r ates w as identified betw een the ablation and surgery
roups ( P = 0.308) (Table 1 ). 

ene profiles in low-risk PTC patients 

ll patients underwent pr eoper ativ e NGS ( Fig. S1 , see online sup-
lementary material). A comparison of gene mutations between
he ablation and surgery groups revealed that BRAF mutations
er e pr e v alent in both gr oups, with no significant differ ence in
istribution (95.00% vs. 91.09%, P = 0.186). Ho w e v er, RET gene
 utations occurr ed significantl y mor e fr equentl y in the sur gery

roup than in the ablation group ( P = 0.031), indicating a statisti-
all y significant differ ence . Other genes , including NRAS , KRAS ,
nd DNA pol ymer ase epsilon, catal ytic subunit (POLE), sho w ed
 arying m utation fr equencies between the gr oups, but these dif-
er ences wer e not statisticall y significant ( P > 0.05) ( Table S1 , see
nline supplementary material). 

Among enr olled patients, ther e wer e no significant differences
n age ( P = 0.796) or gender ( P = 0.479) across subgroups based

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
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Table 1. P atients c har acteristics. 

Ablation ( n = 100) Surgery ( n = 101) P value 

Age (year), mean (SD) 41.89 (11.13) 40.79 (10.89) 0 .481 
Gender (%) 0 .154 

Male 25 (25.0) 17 (16.8) 
Female 75 (75.0) 84 (83.2) 

Tumor location (%) 0 .295 
Left 51 (51.0) 41 (40.6) 
Isthmus 5 (5.0) 8 (7.9) 
Right 44 (44.0) 52 (51.5) 

Tumor morphology (%) 0 .912 
Shar p mar gins 51 (51.0) 52 (51.5) 
Fairly clear margins 16 (16.0) 18 (17.8) 
Blurr ed mar gins 33 (33.0) 31 (30.7) 

Tumor aspect r a tio (%) 0 .301 
< 1 52 (52.0) 49 (48.5) 
= 1 4 (4.0) 1 (1.0) 
> 1 44 (44.0) 51 (50.5) 

Maximum tumor diameter (mm), mean (SD) 6.14 (2.10) 6.25 (2.11) 0 .696 
Tumor volume (ml), mean (SD) 0.08 (0.09) 0.08 (0.07) 0 .462 
UItr asound classifica tion (%) 0 .484 

TI-RADS 1 0 (0) 0 (0) 
TI-RADS 2 1 (1.0) 0 (0) 
TI-RADS 3 1 (1.0) 2 (2.0) 
TI-RADS 4 28 (28.0) 30 (29.7) 
TI-RADS 5 70 (70.0) 67 (66.3) 
TI-RADS 6 0 (0) 2 (2.0) 

CDFI a (%) 0 .468 
Blood flow signal within the nodule 43 (43.0) 51 (50.5) 
Peripheral ring-like blood flow signal 7 (7.0) 4 (4.0) 
Ring-like blood flow signal within and around the nodule 14 (14.0) 17 (16.8) 
No ring-like blood flow signal within and around the 

nodule 
36 (36.0) 29 (28.7) 

FNAB (%) 0 .505 
TBS-I 0 (0) 0 (0) 
TBS-II 0 (0) 0 (0) 
TBS-III 5 (5.0) 2 (2.0) 
TBS-IV 0 (0) 0 (0) 
TBS-V 4 (4.0) 4 (4.0) 
TBS-VI 91 (91.0) 95 (94.0) 

Gene mutation type (%) 0 .664 
Single BRAF gene mutation 58 (58.0) 54 (53.4) 
BRAF gene mutation combined with other gene 

mutations 
37 (37.0) 38 (37.6) 

Other gene mutations 2 (2.0) 5 (5.0) 
No gene mutation detected 3 (3.0) 4 (4.0) 

Follow-up time (months), mean (SD) 11.51 (5.45) 11.50 (3.12) 0 .434 
Disease progression (%) 0 .308 

Yes 3 (3.0) 1 (1.0) 
No 97 (97.0) 100 (99.0) 

a CDFI, Color Doppler flow imaging; FNAB, fine needle aspiration biopsy; TBS, the Bethesda system for reporting thyroid cytopathology. 
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on genetic profiles: BRAF single mutation, BRAF combined with 

other m utations, non-BRAF m utations, and no detectable muta- 
tions. Similarl y, no significant differ ences wer e observ ed in tumor 
c har acteristics, including location, morphology, size, or aspect ra- 
tio (all P > 0.05) (Table 2 ). 

In the subgroup analysis of gene mutations in different treat- 
ment groups, 58 cases (58.0%) in the ablation group and 54 cases 
(53.4%) in the sur gery gr oup wer e identified with a single BRAF 
gene mutation. A 21% decrease was observed in BRAF mutations 
accompanied by other gene mutations (e.g. RET, NRAS, EIF1AX) 
compared with BRAF single mutations in the ablation group, with 
 similar trend noted in the surgery group. Non-BRAF muta-
ions accounted for 2.0% of the ablation group and 5.0% of the
ur gery gr oup. Additionall y, thr ee patients (3.0%) in the ablation
roup and four patients (4.0%) in the surgery group had no de-
ectable mutations . T here is no significant difference in progno-
is between ablation group and surgery group in terms of sin-
le BRAF gene mutation, BRAF accompanied with other gene mu-
ations , non-BRAF mutations , and no detectable gene mutation
 Table S2, see online supplementary material ). Figure 2 shows the
etailed distribution of gene mutations in patients with PTC who
nderwent differ ent tr eatments . T he specific distribution of gene

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
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Table 2. Patients baseline between different gene mutations. 

Single BRAF gene 
mutation ( n = 112) 

BRAF accompanied 
with other gene 

mutations ( n = 75) 
Non-BRAF gene 

mutations ( n = 7) 
No gene mutation 

( n = 7) P -value 

Age (years), mean (SD) 40.93 (11.13) 42.16 (11.00) 38.57 (12.43) 41.86 (8.53) 0 .796 
Gender (%) 0 .479 

Female 89 (79.5) 57 (76.0) 7 (100.0) 6 (85.7) 
Male 23 (20.5) 18 (24.0) 0 (0.0) 1 (14.3) 

Tumor location (%) 0 .631 
Left 54 (48.2) 31 (41.3) 4 (57.1) 3 (42.9) 
Right 50 (44.6) 41 (54.7) 2 (28.6) 3 (42.9) 
Isthmus 8 (7.2) 3 (4.0) 1 (14.3) 1 (14.2) 

Tumor morphology (%) 0 .410 
Shar p mar gins 52 (46.4) 43 (57.3) 4 (57.1) 4 (57.1) 
Fairly clear margins 24 (21.4) 10 (13.3) 0 (0.0) 0 (0.0) 
Blurr ed mar gins 36 (32.2) 22 (29.4) 3 (42.9) 3 (42.9) 

Tumor aspect r a tio (%) 0 .397 
< 1 57 (50.9) 36 (48.0) 6 (85.7) 2 (28.6) 
= 1 2 (1.8) 3 (4.0) 0 (0.0) 0 (0.0) 
> 1 53 (47.3) 36 (48.0) 1 (14.3) 5 (71.4) 

Tumor diameter (mm), mean (SD) 6.12 (2.06) 6.28 (2.13) 7.03 (2.61) 5.71 (2.21) 0 .636 
Tumor volume (ml), mean (SD) 0.07 (0.07) 0.09 (0.09) 0.08 (0.07) 0.07 (0.05) 0 .732 
TI-RADS (%) 0 .213 

1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
2 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0) 
3 1 (0.9) 1 (1.3) 1 (14.3) 0 (0.0) 
4 30 (26.8) 25 (33.3) 2 (28.6) 1 (14.3) 
5 81 (72.3) 46 (61.4) 4 (57.1) 6 (85.7) 
6 0 (0.0) 2 (2.7) 0 (0.0) 0 (0.0) 
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utations in the ablation group and surgery group is further de-
ailed in Fig. S2A and S2B , r espectiv el y, see online supplementary

aterial. 

omparison of DFS and recurrence in relation to 

enetic mutations 

otabl y, ther e is no significant difference in DFS between ablation
roup and surgery group (HR 0.378, 95% CI 0.038 −3.786, P = 0.39)
Fig. 3 ). As of November 2024, 3 patients in the ablation group and
 patient in the surgery group experienced disease pr ogr ession
 P = 0.360). Additionally, 2 patients in the ablation group experi-
nced local r ecurr ence, while no local r ecurr ences wer e observ ed
n the surgery group. Neither group exhibited cervical lymph node

etastasis and distant metastases were not detected. There were
o cancer-related deaths or occurrences of other types of thyroid
ancer. All cases of local r ecurr ence or ne w tumors underwent r e-
eat ablation or surgery (Table 3 ). Table S3 , see online supplemen-
ary material, shows the distribution of different gene mutation
ypes in the ablation and surgery groups, indicating that there is
o significant difference in gene mutation types between the two
roups. 

Of the 2 patients in the ablation group who experienced
 ecurr ence, both had BRAF m utations. P atient A had a single
RAF m utation, while P atient B had a BRAF mutation along
ith additional gene mutations. Despite being the same age,
 atient A pr esented with a smaller tumor volume and expe-
ienced shorter DFS of 6 months wher eas P atient B had a
arger tumor volume but a longer DFS of 18 months . T his sug-
ests that while the presence of a BRAF mutation may influ-
nce DFS in patients undergoing ablation, co-occurring gene
utations alongside BRAF may contribute to prolonged DFS

 Table S4. see online supplementary material ). 
rea tment v ariables 

ll patients successfully underwent their r espectiv e tr eatments,
ither ablation or surgery. The mean ablation duration was
.29 ± 0.04 h, significantly shorter than the mean surgery time
f 1.31 ± 0.58 h. No bleeding or postoper ativ e hematoma was
bserved in the ablation group, while the mean blood loss in
he surgery group was 8.72 ± 3.74 ml. The av er a ge tr eatment
ost was notably lower in the ablation group (17 669.73 ± 175.14
NY) compared to the surgery group (35 757.29 ± 2 781.39 CNY).
ospital stays were also significantly shorter in the ablation
roup (1.00 ± 0 da ys) vs . the sur gery gr oup (2.88 ± 0.41 days).
ll these differences were statistically significant ( P < 0.001;
able 4 ). 

reatment safety 

 he o v er all complication r ate was significantl y lo w er in the abla-
ion group (0%) compared to the surgery group (26.73%). In the
ur gery gr oup, complications included postoper ativ e fe v er in 1
atient (1.0%), cervical pain in 5 patients (5.0%), and nausea or
omiting in 2 patients (2.0%), all resolving within 24 h. Temporary
 ypoparath yroidism occurred in 19 patients (18.8%). No cases of
ermanent h ypoparath yroidism, recurrent laryngeal nerve injury,
ostoper ativ e hypertension, or infection were reported in either
roup (Table 4 ). 

P atients after sur gery r outinel y r equir ed thyr oid hormone sup-
lementation, while none of the ablation group needed hor-
one ther a p y. At the last follo w-up, 69 patients (68.3%) in the

ur gery gr oup wer e dependent on le vothyr oxine to maintain
ormal thyroid function, but 32 patients (31.7%) exhibited ab-
ormal thyroid hormone levels, requiring dosage adjustments.

n contrast, 93 patients (93.0%) in the ablation group main-
ained normal thyroid function without medication, with only

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data


US and gene-guided MWA vs surgery for low-risk PTC | 7 

Figure 2. Distribution of genetic m utations, demogr a phic c har acteristics, and tr eatment types among patients with low-risk PTC. The figur e shows the 
frequency of genetic mutations in patients undergoing ablation and surgery, with B-Raf proto-oncogene, serine/threonine kinase V600E (BRAF V600E) 
mutations being the most common. 
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Figure 3. DFS curves of ablation vs. surgery. Kaplan–Meier curve illustrating DFS for patients with low-risk PTC who underwent either ablation or 
surgery. 
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Table 3. Disease pr ogr ession between ablation and sur gery gr oups. 

Ablation ( n = 100) Surgery ( n = 101) P -value 

Disease progression (%) 0 .360 
Cervical lymph node metastasis 0 (0.0) 0 (0.0) 
Local tumor pr ogr ession a 2 (2.00) 0 (0.0) 
Tumor r ecurr ence 1 (1.0) 1 (1.0) 
Distant metastasis 0 (0.0) 0 (0.0) 

Recurrence location (%) 0 .368 
PTC-RT 

b 1 (1.0) 0 (0.0) 
PTC-LT 

c 0 (0.0) 1 (1.0) 

a Local tumor pr ogr ession, the tumor continues to grow within the ablation zone. b PTC-RT, PTC of the right lobe. c PTC-LT, PTC of the left lobe. 

Table 4. Complications and hospitalizations in ablation and surgery groups. 

Ablation ( n = 100) Surgery ( n = 101) P -value 

Complication (%) < 0 .001 
Postoper ativ e fe v er 0 (0.0) 1 (1.0) 
Postoper ativ e cervical pain 0 (0.0) 5 (5.0) 
Postoper ativ e nausea 0 (0.0) 2 (2.0) 
Tempor ary hypopar athyr oidism 0 (0.0) 19 (18.8) 
Postoper ativ e hypertension 0 (0.0) 0 (0.0) 

Hemorrhage (ml), mean (SD) 0.00 (0.00) 8.72 (3.74) < 0 .001 
Hospitalization time (days), mean (SD) 1.00 (0.00) 2.88 (0.41) < 0 .001 
Treatment time (h), mean (SD) 0.29 (0.04) 1.31 (0.58) < 0 .001 
Cost (CNY), mean (SD) 17 669.73 (175.14) 35 757.29 (2781.39) < 0 .001 
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 patients (7.0%) displaying mild hormonal abnormalities ( Fig. S3, 
ee online supplementary material ). The majority of abnormal-
ties in the surgery group involved reduced thyroid-stimulating
ormone (TSH) le v els, highlighting the importance of dynamic
ormone dose adjustments to pr e v ent drug-induced h yperth y-
oidism and reduce long-term cardiovascular risks. 

Complete absorption of the ablation area takes ∼2 years after
hyroid ablation. In this study, the mean pre-ablation tumor vol-
me was 0.08 ± 0.08 ml, whereas the ablation zone volume at the
nal follow-up was 0.60 ± 0.73 ml ( Table S5 , see online supple-
entary material). The ablation zone exhibited limited shrinkage

uring follow-up, often r emaining lar ger than the original tumor
ize due to post-ablation processes such as inflammation, lique-
action, and fibrosis. By the final follow-up, all patients demon-
trated a complete response (Fig. 4 ). 

This study e v aluated the efficacy of ablation vs. surgery in
reating low-risk PTC based on genetic mutation analysis . T he re-
ults indicate that ablation offers similar efficacy to surgery, with
ignificantly lo w er complication rates, shorter hospital sta ys , and
 educed tr eatment costs. No significant differences in disease pro-
r ession wer e observ ed betw een the tw o groups . T hese results
uggest that ablation may be a viable and effective treatment op-
ion for lo w-risk PTC. Ho w e v er, while short-term outcomes are
r omising, further r esearc h is necessary to confirm the long-term
fficacy of ablation. Lar ger, m ulti-center studies with extended
ollow-up periods are essential to better understand its impact
n r ecurr ence r ates and ov er all pr ognosis . T hese findings will be
nstrumental in guiding future clinical decision-making and opti-

izing treatment strategies for low-risk PTC. 

iscussion 

his stud y prospecti vely included patients with low-risk PTC who
nderwent either ablation or surgery at SYSMH between January
022 and November 2024, aiming to e v aluate the efficacy and
rognosis of these treatment modalities . T he findings r e v ealed no
ignificant difference in DFS between the two gr oups. Howe v er,
he ablation group demonstrated several advantages, including
ewer complications, faster recovery, shorter hospital sta ys , and
o w er tr eatment costs. Notabl y, patients tr eated with ablation did
ot r equir e long-term thyr oid hormone r eplacement ther a py, con-
ributing to impr ov ed quality of life. 

Importantl y, our r esults suggest that US-guided ablation ther-
 py is effectiv e and safe for patients with low-risk genetic muta-
ions, such as BRAF and RAS. These patients did not exhibit in-
r eased r ecurr ence risk after ablation ther a py. Subgr oup anal y-
es further demonstrated no significant differences in outcomes
ased on variables such as age, sex, tumor location, diameter,
r volume . T he compar able safety and efficacy acr oss these sub-
r oups underscor e the br oad a pplicability of ablation ther a py in
ow-risk PTC cases. Unlike most studies that r el y solel y on patho-
og ical and imag ing-based risk str atification, this study uniquel y
ncor por ated genetic testing into the pr e-ablation scr eening pr o-
ess . T his a ppr oac h aligns with r eal-world r esearc h, wher e clini-
al decisions incr easingl y r el y on genetic pr ofiling to pr ovide mor e
ersonalized and precise treatment strategies for thyroid cancer.
he a ppr oac h excluded patients with a high risk of metastasis,
her eby optimizing tr eatment outcomes. By r efining patient se-
ection, genetic testing enhanced both the safety and efficacy of
blation ther a py. For example, the r ecurr ence r ates observ ed in
r e vious studies—5.8% in Guo et al . [ 12 ] and 7.7% in Yan et al . [ 25 ]—
ere higher than those reported in our stud y. Ad ditionall y, tr eat-
ent variables such as operation time, hospitalization duration,

omplication rates, and economic costs favored ablation, consis-
ent with pr e vious findings [ 26–29 ]. Notabl y, patients under going
blation ther a p y av oided the need for lev othyroxine or other hor-
one supplementation, further reinforcing the clinical benefits of

his minimally invasive approach. 
US-guided ablation ther a py offers m ultiple adv anta ges ov er

r aditional sur gery. As a minimall y inv asiv e pr ocedur e, it

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf009#supplementary-data
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Figure 4. US images for patients with thyroid carcinoma before and after MWA. ( A ) Pre-ablation thyroid US of Patient A. ( B ) Post-ablation thyroid CEUS 
of Patient A. ( C ) Pre-ablation thyroid US of Patient B. ( D ) Post-ablation thyroid CEUS of Patient B. ( E ) Pre-ablation thyroid US of Patient C. ( F ) 
Post-ablation thyroid CEUS of Patient C. ( G ) Pre-ablation thyroid US of Patient D. ( H ) Post-ablation thyroid CEUS of Patient D. 
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minimizes thyroid tissue disruption, reducing reco very time , hos- 
pital sta ys , and healthcare costs . Precision in targeting the treat- 
ment area enables the pr eserv ation of healthy thyroid tissue,
maintaining stable thyroid function and eliminating the need 

for lifelong hormonal ther a py [ 30–32 ]. This benefit enhances the 
quality of life for patients, particularly those concerned about 
medication dependence or side effects associated with hormone 
ther a py. 

Mor eov er, ablation ther a py’s high pr ocedur al r epeatability is a 
k e y ad v anta ge. Residual or r ecurr ent tumors can be addr essed 

with r e-ablation, whic h is less complex and tr aumatic than r e- 
peat surgery. This makes ablation particularly suitable for elderly 
or frail patients, or those with comorbidities who are not ideal sur- 
gical candidates [ 33 ]. As molecular dia gnostics adv ance, incor po- 
r ating mor e sophisticated genetic scr eening methods could fur- 
ther personalize treatment and optimize outcomes [ 34 , 35 ]. Al- 
though this study primarily focuses on low-risk PTC, the applica- 
tion of MWA in intermediate- and high-risk patients has gained 

increasing attention in recent years. For patients with larger tu- 
mors or more aggressive genetic mutations , MWA ma y serve as 
 viable alternative treatment option. With advancements in ge- 
etic testing and impr ov ements in the precision and safety of ab-

ation tec hniques, futur e r esearc h should further assess the effi-
acy and safety of MWA in higher-risk PTC populations to broaden
ts clinical applicability. 

Despite its promising findings, this study has limitations. Being 
 single-center r etr ospectiv e study with a r elativ el y small sample
ize , the results ma y be subject to selection bias and limited gener-
lizability . Additionally , the short follow-up period precludes com-
r ehensiv e assessment of long-term r ecurr ence and surviv al out-
omes . Furthermore , this study excluded patients with high-risk
enetic mutations , lea ving the effects of ablation ther a py in this
opulation unexamined. Future studies should conduct larger- 
cale, m ulticenter r esearc h with extended follow-up periods to
mpr ov e the external generalizability of findings and validate the
pplicability of ablation therapy across diverse clinical settings.
dditionally, expanding the sample size and incor por ating a more
iverse patient population, particularly those with high-risk ge- 
etic mutations, will further clarify the scope of ablation ther-
py. With continuous advancements in genetic diagnostics and 



10 | Yu et al. 

a  

a  

p  

P
 

u  

r  

t  

p  

m  

g  

t  

I  

fi  

t  

a  

o  

t  

a  

f  

o  

n  

a  

b
 

t  

t  

s  

A  

d  

r  

t  

t

A
W  

D  

S  

o  

T

A
Y  

v  

i  

–  

(  

–  

d  

y  

O  

&  

W  

t

S
S

C
N

F
T  

d  

T  

t  

H  

a  

t  

2

R
1  

2  

 

 

3  

4  

 

 

5  

 

 

6  

 

7  

 

8  

 

 

9  

 

1  

 

 

1  

 

1  

 

 

1  

 

1  

 

blation tec hnology, this a ppr oac h may become viable for patients
t higher risk of r ecurr ence or metastasis , pro viding a more com-
r ehensiv e scientific foundation for the pr ecision tr eatment of
TC. 

The r a pid adv ancement of gene sequencing tec hnology has
shered in a new era of precision diagnosis and treatment for thy-
oid cancer. NGS has enabled the detection of k e y dri ver-gene mu-
ations, such as BRAF V600E, RAS, and RET/PTC rearrangements,
r oviding a r obust basis for risk str atification and personalized
ana gement of patients. Pr ecision tr eatment str ategies based on

enetic profiling allow for the early identification of high-risk pa-
ients and the guidance of individualized ther a peutic decisions.
n the futur e, m ultimodal data anal ysis integr ating genetic pr o-
ling and imaging features may further optimize personalized
r eatment str ategies for thyr oid cancer, enhancing the precision
nd safety of ablation ther a py. With the deepening application
f artificial intelligence and machine learning in medicine, in-
elligent decision-making models that integrate molecular char-
cteristics, imaging data, and clinical indicators are expected to
urther refine treatment personalization, offering patients more
ptimized ther a peutic options . T his pr ecision medicine a ppr oac h
ot onl y r educes unnecessary sur gical interv entions and alle vi-
tes the healthcare burden but also maximizes patient survival
enefits and quality of life. 

In conclusion, ablation ther a py is a safe and effective alterna-
ive for treating low-risk PTC, offering significant clinical advan-
a ges ov er sur gery. By incor por ating genetic testing into patient
election, this a ppr oac h enhances precision, safety, and efficacy.
lthough the follow-up period was r elativ el y short, the current
ata support the use of ablation ther a py in this context. Further
 esearc h is r equir ed to v alidate long-term outcomes, but ablation
her a py holds consider able pr omise for adv ancing thyr oid cancer
reatment. 
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