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Abstract

Objective: This study aimed to investigate serum matrix metalloproteinase (MMP)-2 and MMP-9

levels in patients with papillary thyroid carcinoma (PTC).

Methods: Forty-one patients with PTC undergoing ultrasound-guided radiofrequency ablation

(RFA) and 56 controls were included. Serum MMP-2 and MMP-9 levels were determined by

enzyme-linked immunosorbent assay before and after surgery. Potential affecting factors were

evaluated by logistic regression analysis.

Results: Serum MMP-2 and MMP-9 levels were significantly higher in PTC patients compared

with controls, and decreased significantly after surgery. According to receiver operating charac-

teristic curve analysis, diagnostic values for preoperative serum MMP-2 and MMP-9 levels were

82.4% and 86.6%. There was no contrast-agent perfusion in the ablation zone in 88.5% of lesions,

and enhancement within or at the lesion edge in 11.4%. The volume reduction at 3 months’

follow-up was >40%. Age, microcalcification, irregular shape, and lesion diameter and number

were influencing factors for PTC. Age, and lesion diameter and number were independent risk

factors, while calcification and morphology were protective factors.

Conclusion: Serum MMP-2 and MMP-9 levels have important clinical values for the diagnosis and

treatment of PTC by RFA. Preoperative serum MMP-2 and MMP-9 levels, combined with other

affecting factors, contribute to disease prognosis.
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Introduction

Papillary thyroid carcinoma (PTC) is a
common thyroid malignancy, accounting
for about 1% of systemic malignancies.1

PTC is currently characterized by a high
clinical incidence and low mortality.2

Recent improvements in high-frequency
ultrasonic diagnostic technologies and the
application of ultrasound-guided puncture
techniques have led to an apparent increase
in the incidence of PTC year by year.3–5

Regarding the diagnosis of thyroid
tumors, the palpation detection rate for
thyroid micro-tumors in the general popu-
lation is about 4%, compared with as high
as 20% to 50% for high-frequency ultra-
sound,6 which has thus greatly improved
disease diagnosis.

Surgical resection is a routine treatment
for thyroid tumors, but the recurrence rate
is usually high, and the consequent reduc-
tion in thyroid function can seriously affect
the patient’s quality of life.7 Associated
with the increasing detection rate of thyroid
tumors and the pursuit of minimally inva-
sive treatments, radiofrequency ablation
(RFA) has been gradually applied in the
clinic. RFA uses local hyperthermia to
cause tissue necrosis. The thermal effects
do not depend on the tissue type, and
most lesions can be completely eliminated
by RFA.8,9 RFA has thus become a novel
local treatment for tumors.

The clinical diagnosis of benign and
malignant thyroid tumors currently depends
on the clinical manifestations and patholog-
ical examinations. However, the clinical
manifestations are mostly derived from

subjective empirical analysis, while a final

pathological diagnosis involves invasive

procedures, with less-satisfactory specific-

ity. It is therefore necessary to identify

appropriate diagnostic and predictive

tumor markers.
The collagenases matrix metalloprotei-

nase (MMP)-2 and MMP-9 can degrade

type IV collagen in the basement membrane,

with important implications for tumor

angiogenesis, and tumor cell invasion and

metastasis.10 MMP-2 and MMP-9 expres-

sion levels were found to be up-regulated

in thyroid cancer tissue;11 however, these

studies mostly examined pathological tissues

after invasive surgery, and less-invasive

measures, such as serum levels of MMP-2

and MMP-9, have been less-well considered.

In this study, we detected serum levels of

MMP-2 and MMP-9 in patients with PTC

before and after ultrasound-guided RFA.

We also determined the therapeutic effects

of RFA during the follow-up period, and

investigated the relevant prognostic factors.

Materials and methods

Study subjects

Patients who underwent ultrasound-guided

RFA in our hospital from May 2017 to

October 2018 were included in this study.

The inclusion criteria were as follows: (1)

patients diagnosed by preoperative fine

needle aspiration cytology; (2) no history

of neck surgery; and (3) patients requiring

minimally invasive treatment for aesthetic

reasons and because of neck oppression,
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with anxiety. The exclusion criteria were as

follows: (1) benign lesions confirmed by fine

needle aspiration cytology; (2) history of

neck surgery; and (3) severe coagulopathy.

Peripheral venous blood samples were

obtained from the included patients before

and at 1, 3, 6, and 12 months after the oper-

ation, and serum levels of MMP-2 and

MMP-9 were determined. Additional sub-

jects with confirmed benign thyroid nodules

without RFA were included as a control

group. Prior written informed consent was

obtained from all patients and the study

was approved by the ethics review board

of our hospital.

Preoperative preparation

The number, size, nature, echo, boundary,

morphology, calcification, surrounding

halo, and nodular blood flow distribution

of the tumors were assessed before the oper-

ation. After skin disinfection, local anesthe-

sia was performed with 2% lidocaine

solution. A total of 2mL Sonovue (Brac-

co, Milan, Italy) was injected via the elbow

vein and the blood-supply characteristics

were then evaluated by contrast-enhanced

ultrasound (CEUS) of the ablation-targeted

lesions using a Mylab90 ultrasonic device

with 10-MHz probe (Esaote, Shenzhen,

Guangdong, China).
According to the location of the thyroid

nodules, the thyroid and carotid space, thy-

roid and tracheal space, thyroid and esoph-

ageal space, and posterior thyroid space

(recurrent laryngeal nerve) were separated

using a saline and lidocaine mixture, based

on the intraoperative conditions, to form a

liquid separation zone to protect these

structures from thermal damage.

Ablation treatment

Under ultrasound guidance, the tip of

the RFA needle (rated power 250W,

output frequency 470 kHz) was accurately

penetrated into the nodule, and RFA was

performed using an Olympus-Celon Power

RFA System (Germany) in mobile mode,12

following the from-deep-to-shallow princi-

ple. The lesions were subjected to multi-

pointed and multi-faceted ablation until

the thyroid tissue layer with the nodules

was completely covered by the strong echo

generated by heat accumulation. The whole

process was carried out under continuous

ultrasound monitoring. A high-echo area

was produced in the ablation zone during

the ablation treatment. The position of the

electrode needle was gradually adjusted

according to the lesion size. After ensuring

that there was no residual enhancement in

the ablation zone, the ablation needle was

removed and the ablation was completed.

After the operation, an ice compress was

applied for 24 h to avoid skin burns.

Serum MMP determination

For all subjects, 6mL venous blood was

collected from the elbow vein under fasting

conditions before and after the operation,

respectively. Blood samples in the control

group were collected after ultrasound con-

trast examination. The blood samples were

placed at room temperature for 30 minutes,

and then subjected to centrifugation at

2000� g for 15 minutes. The serum was

harvested and serum levels of MMP-3 and

MMP-9 were determined using enzyme-

linked immunosorbent assay (ELISA)

kits (Boster Bioengineering, Wuhan,

Hubei, China).

Follow-up and efficacy evaluation

Immediately after the operation, the abla-

tion range was evaluated by CEUS. If resid-

ual tissues were detected, ablation was

repeated immediately. Ultrasound detection

was performed at 1, 3, 6, and 12 months

after surgery to determine the nodule sizes

and volumes. The volume-reduction rate

Pan et al. 3



was calculated according to the following
formula: volume reduction rate¼ (preoper-
ative volume� follow-up volume)/preoper-
ative volume� 100%. Echo and blood-flow
changes in the ablation zone were also
observed and analyzed. The efficacy was
determined based on the criteria for RFA
for treating tumors:13 disappearance of
nodules indicated by complete disappear-
ance of blood flow confirmed by ultraso-
nography indicated complete cure; nodule
volume reduced by �50% indicated
marked effect; and nodule volume reduced
by 25% to 50% indicated improvement.

Clinicopathological features

Information on ultrasound-based clinico-
pathological features, including number,
size, and calcification of the lesion, were
obtained.

Statistical analysis

Data were expressed as mean� standard
deviation. Statistical analysis was per-
formed using IBM SPSS Statistics for
Windows, version 19.0 (IBM Corp.,
Armonk, NY, USA). Comparisons between
groups were performed using v2 tests.
Potentially related factors were analyzed
by univariate or multivariate logistic regres-
sion. The prognostic predictive effects of
serum MMP-2 and MMP-9 levels were
evaluated by receiver operating characteris-
tic (ROC) curve analysis. P< 0.05 was con-
sidered statistically significant.

Results

Patients

Forty-one patients with PTC (96 lesions)
were enrolled, including 30 women and
11 men (mean age 41.5� 16.8 years; range
20 to þ65 years). The control group includ-
ed 56 patients with confirmed benign
thyroid nodules, including 39 women and

17 men (mean age 45.8� 15.3 years, range
20–65 years).

Serum MMP-2 and MMP-9 levels before
and after treatment

The characteristics of the ultrasound images in
the included subjects are shown in Table 1.
Serum levels of MMP-2 and MMP-9 were
measured before and after treatment. Serum
levels of MMP-2 and MMP-9 were signifi-
cantly higher in patients with PTC compared
with the control subjects (P< 0.05). Serum
levels of MMP-2 and MMP-9 had declined
at 1 month after the operation compared
with before surgery, but the difference was
not significant. However, serum levels of
MMP-2 andMMP-9 had declined significant-
ly in the PTC patients at 3, 6, and 12 months
(all P< 0.05) (Table 2). These results suggest
that changes in serum MMP-2 and MMP-9
levels between before and after surgery may
have significant implications for the therapy
of PTC.

ROC curve analysis of preoperative serum
MMP-2 and MMP-9 levels

Preoperative serum MMP-2 and MMP-9
levels were used as potential diagnostic indi-
cators. In the 41 patients with PTC, the pre-
dictive probability from the regression
model was used as the diagnostic results,
and the gold standard classification criteria
were used as the pathological results. ROC
curves were obtained accordingly. The area-
under-curve (AUC) values for serum MMP-
2 andMMP-9 levels were 82.4% and 86.6%,
respectively (Figure 1). These results suggest
that serum levels of MMP-2 and MMP-9
could contribute to the disease diagnosis.

Evaluation of RFA efficacy

We also evaluated the efficacy of RFA. CEUS
of the 96 lesions before ablation showed hypo-
enhancement in 18 nodules, iso-enhancement
in 67 nodules, and slight hyper-enhancement
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in 11 nodules. Ultrasound examination after
ablation showed no contrast-agent perfusion
in the ablation zone in 85 lesions (88.5%),
and enhancement of different degrees at the
edge or inside the lesion in the other 11
lesions (11.4%), and the ablation area was
gradually reduced with prolonged ablation
(Figure 2). There was no significant change
in ablation volume in any patients at 1
month after surgery, compared with before
surgery. However, the volume was reduced

by >40% at 3 months of follow-up,

compared with before surgery (P< 0.05)

(Table 3). These results showed that RFA

treatment could effectively reduce the

tumor volume in patients with PTC.

Influence of relevant factors on disease

prognosis

The clinical data of patients before

RFA were retrospectively analyzed by

Table 2. Serum matrix metalloproteinase-2 and -9 levels in controls and in
patients with papillary thyroid carcinoma before and after treatment.

MMP-2 P MMP-9 P

Controls 547.32� 98.36 – 126.62� 19.26 –

PTC patients

Before surgery 794.54� 152.59 0.04 299.98� 70.48 <0.01

1 month after surgery 481.21� 102.87 0.06 223.25� 68.00 0.13

3 months after surgery 404.36� 88.53 0.04 201.65� 65.31 0.03

6 months after surgery 281.85� 67.65 0.02 184.64� 64.82 0.01

12 months after surgery 171.60� 72.75 <0.01 169.07� 64.16 <0.01

MMP, matrix metalloproteinase; PTC, papillary thyroid carcinoma.

Table 1. Characteristics of thyroid ultrasound images.

PTC patients Normal control

n % n %

Lesion number

One 10 24.3 10 17.8

Two 8 19.5* 18 32.1

Multiple 23 56.0 28 50.0

Lesion size

�2 cm 27 65.8* 11 19.6

>2 cm 14 34.1 45 80.3

Calcification

Microcalcification 19 46.3* 25 44.6

Coarse calcification 7 17.0 18 32.1

Morphology

Regular 14 34.1 38 67.8

Irregular 27 65.8* 18 32.1

Age

<45 years 29 70.7* 34 60.7

�45 years 12 29.2 22 39.2

*P< 0.05 compared with the control group.

Pan et al. 5



logistic regression to identify factors that

may affect the disease prognosis. Age,

microcalcification, irregular shape, and

diameter and number of lesions were signif-

icant influencing factors for PTC (P< 0.05).

The hazard ratios (HRs) for age, and

lesion diameter and number were >1, indi-

cating that these represented independent

risk factors. In contrast, the HRs for micro-

calcification and irregular shape were nega-

tive, indicating that a greater degree of

calcification and regular shape were associ-

ated with lower risks of developing the dis-

ease, and were thus protective factors

(Table 4).

Figure 2. Efficacy evaluation of radiofrequency ablation. (a) Two-dimensional (2D) ultrasound showing
obvious blood-flow signals around the tumor and fewer signals within the tumor. (b) Preoperative contrast-
enhanced ultrasound showing no obvious enhancement in the lesion, with low-perfusion performance. (c) In
the 2D imaging localization, the ablation needle was inserted into the tumor for ablation. (d) The tumor was
completely ablated, with no blood-flow signal, at 1 year after ablation.

Figure 1. ROC analyses of serum MMP-2 and
MMP-9 levels. MMP, matrix metalloproteinase.
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Discussion

PTC is a type of thyroid tumor with a high
incidence,14 which has been increasing
rapidly worldwide.15,16 Most thyroid
tumor cases are currently diagnosed by his-
topathological or cytological detection.
However, it is difficult to distinguish
between benign and malignant papillary
hyperplastic nodules, and it is therefore dif-
ficult to diagnose PTC. There is also a lack
of effective and specific prognostic molecu-
lar markers for PTC.17 The relationship
between MMPs and tumors is a current
hotspot of modern cancer research. MMPs
play important roles in pathophysiological
processes, such as the dynamic extracellular
matrix balance, as well as in tissue remodel-
ing and repair.10 Tumor cells may induce
the matrix to secrete MMPs via a series of
signaling pathways, thus providing

favorable conditions for tumor cell invasion
and metastasis.

Surgical resection is a traditional method
for the treatment of thyroid nodules.18

However, the extensive surgical trauma,
unsightly neck scars, and risks of laryngeal
nerve injuries, postoperative recurrence,
and multiple operations, mean that increas-
ing numbers of patients are opting for min-
imally invasive ablation methods. RFA is a
thermal ablation therapy that uses high-
frequency alternating electromagnetic
waves generated by the radiofrequency
instrument inserted into the tumor tissue
to accumulate heat by rapid friction of pos-
itive and negative ions within the cells, caus-
ing local coagulation in the tumor tissue,
which is then removed by the body’s
immune system.19 Reduction rates for
benign thyroid nodules of 33% to 58%
after 1 month of ablation and 51% to
92% after 6 months of ablation have been
reported.20 In this study, ultrasound per-
formed immediately after ablation of 96
lesions showed no perfusion of contrast
agents in 88.5% lesions, and enhancement
to varying degrees at the edge or inside the
lesion in 11.4% of lesions. Although there
were no significant changes in lesion volume
at 1 month after the operation, the lesion
volumes were reduced by 40% to 80% at
3 months after surgery. Considering that
the ablation effects might be associated
with the heat and the ablation needle, a

Table 4. Logistic regression analysis of relevant risk factors for disease prognosis.

B HR

95%CI

PLower limit Upper limit

Age 0.174 1.190 1.006 1.408 0.042

Microcalcification �4.874 1.008 0.000 0.494 0.022

Irregular morphology �2.694 2.068 0.005 0.990 0.049

Lesion diameter 2.001 7.393 1.623 33.676 0.010

Lesion number 1.289 3.629 0.182 72.516 0.033

HR, hazard ratio; CI, confidence interval.

Table 3. Volume reductions after radiofrequency
ablation of papillary thyroid carcinomas.

Lesion

volume

(cm3)

Reduction

rate (%)

Before surgery 2.95� 0.84 –

1 month after surgery 2.45� 0.69* 19.23

3 months after surgery 1.95� 0.57** 46.25

6 months after surgery 1.66� 0.49** 68.36

12 months after surgery 1.07� 0.24** 81.57

*P> 0.05, **P< 0.05 compared with before surgery
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fine needle is good for mobile conformal
ablation; the high-frequency alternating
electromagnetic wave only circulates in the
effective region between the two needle tips,
thus allowing accurate control of the abla-
tion zone. The ablation safety zone around
the PTC was relatively small in the current
study, and the nodule-reduction rate after
ablation was thus relatively greater.

We analyzed the serum levels of MMP-2
and MMP-9 in PTC patients by ELISA.
Preoperative serum levels of both enzymes
were significantly higher in patients with
PTC compared with patients with benign
thyroid nodules. Regarding changes in
serum MMP-2 and MMP-9 levels, the
AUC values based on the ROC curves
were 82.4% and 86.6% for MMP-2 and
MMP-9, respectively, suggesting satisfacto-
ry clinical diagnostic and prognostic values.
In the present study, serum levels MMP-2
and MMP-9 were lower in the first month
after surgery compared with before surgery,
but the difference was not significant. This
might be because, before ablation, the
tumor parenchyma induced the tumor
stroma to produce larger amounts of
MMP-2 and MMP-9, which were released
into the blood. These results suggest that
failure to completely ablate the tumor or
tumor recurrence may result in the secretion
of high levels of MMP-2 and MMP-9 into
the blood. However, serum levels of MMP-
2 and MMP-9 were significantly decreased
at 3, 6, and 12 months after surgery com-
pared with before surgery, suggesting that
serum MMP-2 and MMP-9 were secreted
by the tumor. The lesions disappeared
after PTC ablation, thus reducing the secre-
tion of MMP-2 and MMP-9 and thereby
reducing the degradation and destruction
of type IV collagen, protecting the base-
ment membrane of normal tissues and
inhibiting the growth and metastasis of
tumor cells. The current results also
showed that age, microcalcification, irregu-
lar shape, and lesion diameter and number

were risk factors for PTC. Logistic regres-

sion analysis showed that age (�45 years)

was an important risk factor for PTC, in

line with the findings of Yu et al.21

Microcalcification is caused by the deposi-

tion of calcium salts at the tip of the nipple

or the secretion of calcium salts by the

tumor itself, and has been considered to

be the most specific sign of PTC. In this

study, the incidence of microcalcification

was higher in PTC patients compared with

the control group, and logistic regression

identified it as an independent risk sign for

thyroid PTC. Our results also identified

irregular morphology, two nodules, and a

nodule diameter �2 cm as danger signs for

PTC, largely consistent with previous

findings.22

This study had some limitations. It was a

single-center study with a relatively small

number of cases. Moreover, the relevant

thyroid hormone analysis and other serum

indicators could not be followed up for a

longer period.
In summary, the results of this study

showed that RFA could shrink or eliminate

thyroid lesions, thus representing a mini-

mally invasive, safe, and effective method

for treating PTC. Furthermore, serum

levels of MMP-2 and MMP-9 before RFA

could provide a valuable reference for the

diagnosis of PTC. These serological index-

es, combined with relevant risk factors, may

also help to predict the prognosis of PTC

after ablation.

Acknowledgements

This work was supported by the Hubei

Provincial Health and Family Planning

Commission 2017-2018 Project (WJ2017F102).

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

8 Journal of International Medical Research



Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Qian Ding https://orcid.org/0000-0002-6050-

6658

References

1. Zhang YB, Zhang B, Yan DG, et al.

[Central compartment reoperation for recur-

rent/persistent differentiated thyroid cancer].

Zhonghua Er Bi Yan Hou Tou Jing Wai Ke

Za Zhi 2017; 52: 263–266. [in Chinese].
2. Pellegriti G, Frasca F, Regalbuto C, et al.

Worldwide increasing incidence of thyroid

cancer: update on epidemiology and risk fac-

tors. J Cancer Epidemiol 2013; 2013: 965212.

DOI: 10.1155/2013/965212.
3. Brito JP, Gionfriddo MR, Al Nofal A, et al.

The accuracy of thyroid nodule ultrasound

to predict thyroid cancer: systematic review

and meta-analysis. J Clin Endocrinol Metab

2014; 99: 1253–1263. DOI: 10.1210/jc.2013-

2928.
4. Zhao P, Zheng D, Dong X, et al. Clinical

diagnosis and treatment of thyroid micro-

carcinoma: a report of 28 cases. Chinese J

Gene Surg 2015; 24: 1516–1519.
5. Anil G, Hegde A and Chong FH. Thyroid

nodules: risk stratification for malignancy

with ultrasound and guided biopsy. Cancer

Imaging 2011; 11: 209–223. DOI: 10.1102/

1470-7330.2011.0030.
6. Levine RA. Current guidelines for the man-

agement of thyroid nodules. Endocr Pract

2012; 18: 596–599. DOI: 10.4158/ep12071.

co.
7. Zhang Y, Zhang MB, Luo YK, et al. Effect

of chronic lymphocytic thyroiditis on the

efficacy and safety of ultrasound-guided

radiofrequency ablation for papillary thy-

roid microcarcinoma. Cancer Med 2019; 8:

5450–5458.
8. Liu Y, Wang W, Wang Y, et al. Ultrasound

guided percutaneous microwave ablation in

the treatment of recurrent thyroid nodules.

J Clin Otolaryngol Head Neck Surg 2015; 29:

622–624.
9. Weslley Rosario P, Franco Mour~ao G,

Regina Calsolari M, et al. Role of adjuvant

therapy with radioactive iodine in patients

with elevated serum thyroglobulin after

neck reoperation due to recurrent papillary

thyroid cancer: a monoinstitutional compar-

ative study. Endocrine 2020; 68: 144–150.
10. Zhang WJ, Song B and Yang T. MMP-2,

MMP-9, TIMP-1, and TIMP-2 in the

peripheral blood of patients with differenti-

ated thyroid carcinoma. Cancer Manag Res

2019; 11: 10675–10681.
Wu R, Luo Y, Tang J, et al. Ultrasound-guided

radiofrequency ablation for papillary thyroid

microcarcinoma:a retrospective analysis of

198 patients. Int J Hyperthermia 2020: 37:

168–174.
12. Zhao CK, Hu HX, Lu F, et al. Factors asso-

ciated with initial incomplete ablation for

benign thyroid nodules after radiofrequency

ablation: First results of CEUS evaluation.

Clin Hemorheol Microcirc 2017; 65: 393–405.
13. Faggiano A, Ramundo V, Assanti AP, et al.

Thyroid nodules treated with percutaneous

radiofrequency thermal ablation: a compar-

ative study. J Clin Endocrinol Metab 2012;

97: 4439–4445. DOI: 10.1210/jc.2012-2251.
14. Tomayko EJ, Cachia AJ, Chung HR, et al.

Resveratrol supplementation reduces aortic

atherosclerosis and calcification and attenu-

ates loss of aerobic capacity in a mouse

model of uremia. J Med Food 2014; 17:

278–283. DOI: 10.1089/jmf.2012.0219.
15. Xhaard C, Rubino C, Clero E, et al.

Menstrual and reproductive factors in the

risk of differentiated thyroid carcinoma in

young women in France: a population-

based case-control study. Am J Epidemiol

2014; 180: 1007–1017. DOI: 10.1093/aje/

kwu220.
16. Tafani M, De Santis E, Coppola L, et al.

Bridging hypoxia, inflammation and estro-

gen receptors in thyroid cancer progression.

Biomed Pharmacother 2014; 68: 1–5. DOI:

10.1016/j.biopha.2013.10.013.
17. Bumber B, Marjanovic Kavanagh M,

Jacovcevic A, et al. Role of matrix metallo-

proteinases and their inhibitors in the devel-

opment of cervical metastases in papillary

Pan et al. 9

https://orcid.org/0000-0002-6050-6658
https://orcid.org/0000-0002-6050-6658
https://orcid.org/0000-0002-6050-6658


thyroid cancer. Clin Otolaryngol 2020; 45:
55–62.

18. Gharib H, Papini E, Paschke R, et al.
American Association of Clinical
Endocrinologists, Associazione Medici
Endocrinologi, and European Thyroid
Association medical guidelines for clinical
practice for the diagnosis and management
of thyroid nodules: executive summary of
recommendations. J Endocrinol Invest 2010;
33: 51–56.

19. Baek JH, Lee JH, Valcavi R, et al.
Thermal ablation for benign thyroid nod-
ules: radiofrequency and laser. Korean J

Radiol 2011; 12: 525–540. DOI: 10.3348/
kjr.2011.12.5.525.

20. Vuong NL, Dinh LQ. Radiofrequency abla-
tion for benign thyroid nodules: 1-year
follow-up in 184 patients. World J Surg

2019; 43: 2447–2453.
21. Lang BHH, Woo YC and Chiu KW.

Identifying predictive factors for efficacy in
high intensity focused ultrasound (HIFU)
ablation of benign thyroid nodules - a retro-
spective analysis. Int J Hyperthermia 2020;
37: 324–331.

22. Buryk MA, Simons JP, Picarsic J, et al. Can
malignant thyroid nodules be distinguished
from benign thyroid nodules in children and
adolescents by clinical characteristics? A
review of 89 pediatric patients with thyroid
nodules. Thyroid 2015; 25: 392–400.

10 Journal of International Medical Research


	table-fn2-0300060520917581
	table-fn1-0300060520917581
	table-fn4-0300060520917581
	table-fn3-0300060520917581

