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Prediction of ablation zone
disappearance after microwave
ablation for the patients with
papillary thyroid microcarcinoma
using nomograph

Cai Hu1, Shuang Liang1, Huahui Liu1, Jing Yang1, Haiyu Kang1,
Sainan Guan1, Ronghua Yan2,3* and Erjiao Xu1*

1Department of Medical Ultrasonics, The Eighth Affiliated Hospital of Sun Yat-sen University,
Shenzen, China, 2Department of Radiology, Peking University Shenzhen Hospital, Shenzhen,
Guangdong, China, 3Department of Radiology, The Eighth Affiliated Hospital, Sun Yat-sen University,
Shenzen, China
Objectives: To construct a prognostic nomogram to predict the ablation zone

disappearance for patients with papillary thyroid microcarcinoma (PTMC) after

microwave ablation (MWA).

Materials and methods: From April 2020 to April 2022, patients with PTMC who

underwent MWA treatment were collected retrospectively. Ultrasound (US) or

contrast-enhanced ultrasound (CEUS) was performed at 1 day, 1, 3, 6, 12, 18 and

24 months after MWA to observe the curative effect after ablation. The volume,

volume reduction rate (VRR) and complete disappearance rate of the ablation

zone at each time point were calculated. Univariate and multivariate logistic

regression analysis were used to determine the prognostic factors associated

with the disappearance of the ablation zone after MWA, and the nomogram was

established and validated.

Results: 72 patients with PTMCs underwent MWA were enrolled into this study.

After MWA, no tumor progression (residual, recurrence or lymph node

metastasis) and major postoperative complications occurred. The ablation

zone in 28 (38.89%) patients did not completely disappear after MWA in the

follow-up period. Three variables, including age (odds ratio [OR]: 1.216),

calcification type (OR: 12.283), initial maximum diameter (OR: 2.051) were

found to be independent prognostic factors predicting ablation zone status

after MWA by multivariate analysis. The above variables and outcomes were

visualized by nomogram (C-index=0.847).

Conclusions: MWA was a safe and effective treatment for PTMC. Older patients

with macrocalcification and larger size PTMCs were more unlikely to obtain

complete disappearance of ablation zones. Incomplete disappearance of

ablation zone was not related to recurrence.

KEYWORDS

papillary thyroid microcarcinoma (PTMC), microwave ablation (MWA), ablation zone,
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Introduction

With the rapid development of ultrasonic imaging technology,

the detection rate of thyroid nodular, including thyroid carcinoma

has been increasing in recent years. Papillary thyroid carcinoma

(PTC) is the most common pathological type of primary thyroid

cancer, accounting for 80%-85% of all thyroid malignant tumors (1,

2). PTC with diameter ≤ 1.0cm is defined as papillary thyroid

microcarcinoma (PTMC) (3). Thyroidectomy is the main treatment

means for PTMC (4). Due to the good prognosis of PTMC and the

trauma caused by thyroidectomy and its impact on the quality of

life, more and more patients with PTMC refuse surgical treatment.

The 2015 American Thyroid Association (ATA) guideline

recommend active surveillance (AS) for PTMCs (5). However, AS

can lead to an increased psychological burden of patients, resulting

in a decreased quality of life (6). Ultrasound (US) -guided thermal

ablation has been favored by many patients and clinicians for its

advantages of less trauma, no scar, fast recovery and high

effectiveness. It has been utilized in the treatment of a variety of

malignant tumors, including liver, lung, kidney and also thyroid.

Results of a systematic and meta-analysis involving 1289 patients,

showed that the incidences of hoarseness, hypothyroidism, and

postoperative pain were lower in the thermal ablation group, the

hospitalization time was shorter, the postoperative effects were

better than the conventional thyroidectomy group (7).

Microwave ablation (MWA) is an emerging technique that

inactivates tumor cells primarily through protein denaturation

caused by heat (8). Compared with other ablation techniques,

MWA can cause larger ablated region, shorter treatment time,

and more complete tumor ablation effect (9, 10). More and more

guidelines have indicated that PTMC can be treated with

ultrasound-guided thermal ablation (11). The recent studies have

confirmed the safety and effectiveness of MWA in the treatment of

PTMC (12–14).

According to the analysis of the clinical efficacy of 73 PTMCs

treated with MWA, only 16 cases (21.92%) were completely

absorbed. All patients achieved complete ablation, and no major

complications occurred. However, local tumor progression

occurred in 4 patients (5.48%) (12). According to relevant

research results, local tumor progression may still occur after

ablation in a few patients, even though the complete

disappearance rate of tumor was as high as 84.5% (13).

Conversely, local tumor progression may not occur even if the

complete disappearance rate of tumor was as low as 16.70% (15). At

present, there have been only a few studies predicting factors

associated with the ablation zone disappearance after MWA for

patients with PTMCs and evaluating the relationship between the

ablation zone existence and the postoperative efficacy (such as

tumor recurrence and lymph node metastasis).

Therefore, the aim of this study was to investigate the influence

factors for the ablation zone disappearance of PTMC after MWA

and establish a prognostic nomogram model to predict the

probability of ablation zone disappearance. Meanwhile, the

relationship between ablation efficacy and disappearance of

ablation zone was evaluated during the follow-up period.
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Materials and methods

Patients

From April 2020 to April 2022, patients with PTMC who

underwent MWA were included in this study. The inclusion

criteria were as follows: (1) All the patients were diagnosed as

PTMC with diameter ≤10mm by fine needle aspiration (FNA). (2)

There were no imaging evidences of capsule invasion,

extrathyroidal extension, lymph node metastasis (LNM), or

distant metastasis; (3) all patients refused surgical treatment or

AS. The exclusion criteria were as follow: (1) incomplete clinical

or image data; (2) history of thyroid surgery or neck radiotherapy;

(3) follow-up period less than 6 months.

Each patient signed the informed consent form for ablation

treatment. This retrospective study was approved by the ethics

committee of the Eighth Affiliated Hospital of Sun Yat-

sen University.

All patients were divided into completely disappearance group

and incompletely disappearance group according to the remission

status of ablation zone after MWA.
Equipment and drugs

The MWA procedure were performed with a MWA system

(MTI-5DT, Great Wall Medical Instruments, Nanjing, China) and a

19 G internal cooled MWA antenna with an active tip of 3 mm and

10 cm in length of needle handle. A power output of 15-30 W at

2450 MHz was routinely used.

MWA procedure were performed under US-guidance. A GE

LOGIQ E9 (GE Healthcare, Pittsburgh, PA, USA) Ultrasound

System with linear probes M6-15 (frequency of 6 to 15MHz) and

L9 (frequency of 3 to 9MHz) was used for the guidance and

evaluation during MWA procedure.

SonoVue (Bracco S.p.A Inc., Milan, Italy) was used as ultrasound

contrast agent for contrast-enhanced ultrasound (CEUS) evaluation.

CEUS was performed after bolus injection of SonoVue (1.5 ml),

followed by 5 ml of normal saline flush. The perfusions of lesion and

surrounding tissues were observed for at least 2 minutes.
Pre-MWA assessment and data collection

Before MWA procedure, the comprehensive examination using

US, CEUS, contrast enhanced computed tomography (CT) and

laryngoscope were performed. The location, size, margin, shape,

aspect ratio, echogenicity and composition and calcification were

recorded by US examination. According to the location of the

lesion, they were divided into bilateral thyroid (left lobe and right

lobe) and isthmus. The maximum diameter was recorded as the

tumor size. Calcification was divided into three categories: absent,

microcalcification (≤1mm), and macrocalcification (>1mm) (16).

The enhancement degree and pattern on CEUS were evaluated. The

capsule invasion, extrathyroidal extension, lymph node metastasis,
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or distant metastasis were assessed and excluded by US and CT.

FNA was performed on each nodule and the pathological result

confirmed PTMC (Bethesda VI) before MWA. The thyroid

function and thyroid protein (serum triiodothyronine, serum free

thyroxine, and serum thyrotropin) were also tested and collected.
MWA procedure

All theMWAprocedureswere performed by a senior doctor (XEJ)

withmore than 10-years’ experience of ablation under the guidance of

US. Patients were placed in the supine position and their necks were

extended. To accurately locate the tumor and complete coverage of the

tumor, we generally performed a comprehensive scanning of the

tumor, carefully observed the location of the lesion, and used

surrounding anatomical landmarks (such as blood vessels, trachea,

ipsilateral thyroid nodules, peripheral muscle layers, etc.) or surface

projections to determine the position of the lesion. If necessary, we also

measured the distance between the lesion and the surrounding

capsules before ablation to further determine the position of the

lesion, thereby accurately judging whether the ablation zone

completely covered the tumor. Routine sterile skin preparation was

performed with 1% lidocaine as subcutaneous local infiltration

anesthesia guided by US. Following, a hydrodissection technique was

used to protect major structures (carotid vessels, trachea, recurrent

laryngeal nerve) from thermal injury. With the guidance of real-time

US imaging, a microwave antenna was inserted into the thyroid to

ablate the PTMC. Fixed ablation and “moving shot” ablation

techniques were combined to cover lesion and expand ablation zone

to obtain sufficient ablationmargin (at least 3mm). For lesions < 5mm,

we directly punctured the microwave antenna into the center of the

lesion and use a fixed ablation method to obtain a sufficient ablation

zone about 10-15mm in diameter. For lesions between 5mm and

10mm, we used “moving shot” ablationmethod from deep to shallow,

from inside to outside, and from top to bottom to ensure complete

ablation of the lesion. When the distance between the lesion and the

thyroid capsule was ≥3mm, we would directly perform MWA

treatment on the lesion, ensuring a ablation margin of at least 3mm.

When the distance between the lesion and the thyroid capsule was less

than 3mm, we would expand the ablation zone to the capsules. When

theMWAprocedurefinished,CEUSwas performed immediately after

MWA to ensure the no-perfusion zone covered the lesion and its

ablation margin sufficiently. Otherwise, immediate supplementary

ablation was performed.

MWA parameters, such as ablation power, ablation time, and

ablation energy were recorded. Throughout the procedure, we

talked to patients intermittently to monitor the thermal injury of

recurrent laryngeal nerve. After MWA, the patient’s neck was

pressurized and cooled with ice bag for 2 hours, and the patient’s

vital signs were closely monitored.
Post-procedural evaluation and follow-up

Follow-up of laboratory examination and US examination were

carried out at 1 day, 1, 3, 6, and 12 months after MWA and every 6
Frontiers in Endocrinology 03
months thereafter. The size of the ablation zone was generally

measured by conventional US to ensure the comparability of the

measured values before and after. CEUS was employed to observe

whether the lesion has been completely ablated one month after

MWA to ensure complete necrosis of the lesion.

The ablation zones on US images were stored. The tumor

volumes and Volume reduction rates (VRRs) were calculated and

recorded. The volume reduction rate (VRR) was calculated by VRR

(%)=([initial volume-final volume]×100%)/initial volume. The

volume (V) of the tumor was calculated using the following

formula: V=0.524abc, where a is the largest diameter, and b and c

are the two perpendicular diameters. Complete disappearance was

manifested as the ablation zone was invisible or “black line” sign (its

volume could not be calculated) on US images (17). Complication

and disease progression were recorded during follow-up. Suspected

tumor progression (e.g., new lesions, lymph node metastases) was

examined by CEUS or CT. Tumor progression was determined

according to the following two criteria: (1) The new nodule in

thyroid was confirmed to be PTC by FNA or CNB; (2) Lymph node

metastasis proven by FNA, CNB, or thyroglobulin washout

concentration (18).
Statistical analysis

The statistical analysis was conducted with SPSS 24.0 software

(IBM, Armonk, NY, USA) and R software (Version 4.2.0).

Continuous data conforming to a normal distribution was

presented as the mean ± standard deviation and range and was

compared using Student’s t-test; nonconforming data was expressed

as the median and range and was compared using the Mann–

Whitney U test. Nonparametric Wilcoxon signed-rank test was

used to compare the tumor volume and VRR at each follow-up time

point. Categorical data were expressed as numbers (%) and were

compared using a chi-square test or Fisher’s exact test. We

performed a multivariate binary logistic regression analysis using

the factors screened by univariate analysis to assess the probability

of ablation zone disappearance and established a comprehensive

prediction model. The ablation zone disappearance was set as 1,

whereas the ablation zone non-disappearance was set as 0.

Calcification type: 0, 1, and 2 represented macrocalcification,

microcalcification, and no calcification, respectively.

The independent factors and outcomes predicted by the model

were visualized by nomogram, and its performance and accuracy

were evaluated. C-index and calibration curve were used to evaluate

the calibration degree of nomogram. The receiver operating

characterist ic (ROC) curve was used to evaluate the

discrimination performance of nomogram, and the corresponding

area under the curve (AUC), sensitivity and specificity were

obtained. p< 0.05 was considered statistically significant.
Results

A total of 72 patients (20 males and 52 females) with 72 PTMCs

were enrolled in this study from April 2020 to April 2022. The mean
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age was 35.51 ± 7.55 years (21-52 years). The mean initial

maximum diameter was 6.14 ± 2.10mm (2.00-10.00mm). The

median volume was 65.29 mm3(4.19, 471.60 mm3). The median

ablation time was 120.00 seconds (60.00, 290.00 seconds). The

median follow-up was 18.00 months (6.00, 24.00 months). Five

lesions (6.94%) located in isthmus, 30 lesions (41.67%) located in

the left lobe, and the other 37 lesions (51.39%) located in the right

lobe. Among 72 PTMCs, there were 8 lesions (11.11%) presenting

w i t h ma c r o c a l c ifi c a t i o n and 22 l e s i o n s ( 3 0 . 5 6% )

with microcalcification.
Efficacy

The median pre-ablation volume of the lesions was: 65.29 mm3

(4.19, 471.60 mm3). Due to the expansion of the ablation margin,

the median volume of the ablation zone was: 1166.93mm3(109.57,

4401.60mm3) at 1 day after MWA, which was significantly larger

than the pre-ablation volume (p< 0.001). However, the volume

significantly decreased gradually during the following 24 months

after MWA. The results were shown in Table 1. Immediate CEUS

after MWA revealed that the complete ablation rate of PTMC was

100% (72/72). During the follow-up period, complete

disappearance of ablation zone occurred in 44 patients with a

complete disappearance rate of 61.11% (44/72) (Figure 1). The

complete disappearance rates of ablation zone at each follow-up

time point were also shown in Table 1. Postoperative imaging

examination and laboratory examination showed that no

recurrence, residual, LNM and major complications occurred in

patients with and without complete disappearance of ablation

zones. Only 5 cases (6.94%) had minor complications after

MWA, among which 1 case (1.39%) had cough and recovered

within 10 minutes, and 4 cases (5.56%) had slight neck pain and
Frontiers in Endocrinology 04
resolved within 1 week. There was no ablation-induced

hypothyroidism in each patient.
Independent prognostic factors for
complete disappearance of ablation zone

Univariate and multivariate Logistic regression analyses were

performed to determine the independent factors for complete

disappearance of ablation zone after MWA. The results of

univariate analysis showed that age, initial maximum diameter,

initial volume and calcification type, and volume of 1st day

postoperatively were significantly correlated with the ablation

zone status after MWA (Table 2). Multivariate Logistic regression

analysis showed that age (odds ratio [OR], 1.216; 95% confidence

interval [CI], 1.065-1.388; p=0.004), calcification type (OR, 12.283;

95% CI, 1.096-137.378; p=0.042), initial maximum diameter (OR,

2.051; 95% CI, 1.039-4.049; p=0.038) were independent prognostic

factors predicting ablation zone status after MWA (Table 3).

Patients with these three factors were more unlikely to obtain

complete disappearance of ablation zones (Figure 2).
Construction and validation of nomogram

Multivariate logistic regression analysis was performed to

determine the probability of ablation zone disappearance, and a

nomogram was constructed (Figure 3). Each factor (age,

calcification type, initial maximum diameter) can be converted

into a corresponding score according to the nomogram. By

calculating the total score of the three variables, the probability

that the ablation zone disappeared completely for each patient after

MWA could be provided. According to the calculation results of R
TABLE 1 Changes of volume, volume reduction rate (VRR) and complete disappearance rate at each follow-up timepoint.

Follow-up
time (n)

Volume (mm3)
Volume reduction

rate Disappearance
rate (%)

Cumulative disappearance
rate (%) P (VS volume before

MWAMedian
(Range) Median (Range)

Before MWA (72) 65.29 (4.19, 471.60) – – – –

1 day (72)
1166.93 (109.57,

4401.60)
– – – <0.001

1 month (72)
613.92 (22.01,

3428.72)
-710.22 (-6764.52,

44.42)
– – <0.001

3 months (72)
278.08 (5.97,
1982.46)

-187.34 (-3616.13,
95.66)

– – <0.001

6 months (72)
101.72 (0.00,

668.99)
9.63 (-2700.00, 100.00) 2.78

2.78
0.289

12 months (68) 32.73 (0.00, 398.08)
55.09 (-1268.89,

100.00)
23.61

26.39
<0.001

18 months (47) 13.20 (0.00, 225.92) 84.90 (-58.06, 100.00) 13.89 40.28 <0.001

24 months (29) 0.00 (0.00, 112.34) 100 (59.19, 100.00) 20.83 61.11 <0.001
N, the number of tumors. Range (minimum, maximum).
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software, the model has passed the calibration degree test (S:

p =0.983> 0.05), and the C-index was 0.847. The above results

indicated that the model had a good calibration degree (Figure 4).

The AUC value of this model was 0.847, cutoff value was 0.499,

sensitivity was 90.91%, indicating that this prediction model had

satisfactory diagnostic efficiency and higher sensitivity (Figure 5).
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Discussion

This present study revealed that volume of ablation zone after

MWA gradually decreased and VRR gradually increased during the

follow-up period, the median VRR was 100% (59.19, 100%) at 24

months of follow-up, which was similar to previous studies (8, 19, 20).
TABLE 2 Univariate analysis of clinical and ultrasound characteristics associated with regression status of ablation.

Characteristics Disappeared
N=44 (61.11%)

Un-disappeared
N=28 (38.89%)

P

Sex, male/female 12/32 8/20 0.905

Age, years; mean ± SD 33.57 ± 5.81 38.57 ± 8.96 0.006

Maximum diameter, mm, mean ± SD 5.53 ± 1.98 7.09 ± 1.96 0.002

Volume, mm3# 48.10 (4.19, 471.60) 124.81 (11.90, 398.01) 0.002

Location, isthmus/left lobe/right lobe 3/17/24 2/13/13 0.862

Echogenicity, hypoechoic/isoechoic/hyperechogenic 32/8/4 20/5/3 0.975

Calcification type, no calcification/microcalcification/macrocalcification 29/14/1 13/8/7 0.012

Boundary, clear/unclear 26/18 17/11 0.891

CEUS, hypo-enhancement/iso-enhancement/hyper-enhancement 26/13/5 17/8/3 0.250

Volume at 1st day (mm3) # 922.88 (109.57,4401.60) 1407.46 (389.76, 4373.63) 0.014

Ablation time (s) # 118.00 (60.00, 290.00) 120.00 (80.00, 275.00) 0.395

Ablation power (W) # 25.00 (20.00, 30,00) 25.00 (20.00, 25.00) 0.225

Ablation energy (J) # 2950.00 (1300.00, 7250.00) 3000.00 (1800.00, 6000.00) 0.858

Follow-up (month) # 18 (6-24) 12 (6-24) 0.244
frontier
#Median (minimum, maximum).
FIGURE 1

A 35-year-old female with PTMC. (A) Before MWA, US image showed a tumor (arrow) located in the right lobe. (B) At 1 day after MWA, contrast-
enhanced ultrasound showed the PTMC was completely ablated. (C) At 1 month after MWA, the volume of the ablation area (arrow) was gradually
reduced. (D) At 6 months after MWA, the ablation area was completely disappeared on US image.
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A systematic review and meta-analysis included a total of 12 eligible

studies, with 1284 PTMCs. The study reported that volume of

ablation zone decreased significantly over time after thermal

ablation, with complete disappearance rates ranging from 57.3% to

76.2% (21). The complete disappearance rate of ablation zone in this

study was 61.11% which was also within this range. Previous studies

have shown that the tumor recurrence rate after MWA varied from

0.5% to 4.2% (12–14, 19). The rate of LNM varied from 0.1% to 2.0%

after ablation (20–22). The incidence of total postoperative

complications after RFA and MWA was 2.38% and 11.5%,

respectively, and the incidence of major complications was 1.35%

and 5.1%, respectively (23). Compared with RFA, MWA may cause

more postoperative complications, but most of them were mild,

including cough, transient hoarseness, burning sensation,

toothache, anterior neck discomfort, and neck swelling (6). In our

study, no lymph node metastasis, local recurrence, or major

complications occurred during a median follow-up of 18 months.

Only 5 cases (6.94%) had minor complications and recovered within

a short period of time after MWA. These preliminary results in our

study indicated that ultrasound-guided MWAwas a feasible, safe and

effective treatment for PTMC.
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In a previous study, He et al. investigated the influence factors

for the absorption of the ablation zone in the patients with PTMC

after RFA. The results showed that the patient’s age, gender,

calcification type and RFA ablation energy were independent risk

factors. They suggested that older women with macrocalcification

and higher energy exposure were not easy to obtain complete

absorption of ablation zone within one year after RFA (24). In

our study, we focused on the influence factors for the absorption of

the ablation zone in the patients with PTMC after MWA. Our

results were similar to the results of He et al (24)., but not identical.

We suspected that this difference might relate to the utilization of

thermal ablation techniques. Compared to RFA, MWA was

characterized by higher intra-tumoral temperature, faster heating,

larger ablation volume and short ablation time (25–29). The process

after thermal ablation were aseptic inflammation, fibrosis of

necrotic tissue and absorption of necrotic material (12). A

relevant study (30) suggested that the decline in immune function

with age might affect the immune system’s ability to respond to

pathogens and repair damaged tissue, which might be the reason

why ablation zone was difficult to absorb completely with age. In

this study, we enlarged the ablation zone of the PTMC at least 3mm.

Therefore, the larger the initial maximum diameter of lesion was,

the larger the ablation zone would be, which was negatively

correlated with complete absorption of the ablation zone. This

result was consistent with the result of Lu et al (12). In addition, the

lesions with macrocalcification were more difficult to be fully

absorbed than those without calcification and those with

microcalcification. The previous researches showed that

microcalcification had no significant effect on the absorption of

lesions, and the complete absorption rate reached 100%. While the
frontiersin.org
FIGURE 2

A 43-year-old female with PTMC. (A) Before MWA, US image showed a tumor (arrow) located in the left lobe with macrocalcification. (B) At 1 day
after MWA, contrast-enhanced ultrasound showed the PTMC was completely ablated. (C) At 1 month after MWA, the volume of the ablation area
(arrow) was not significantly reduced. (D–F) At 6, 12, 24 months after MWA, the volume of the ablation area (arrow) was gradually reduced, but the
ablation area was not completely absorbed.
TABLE 3 Multivariate analysis associated with complete disappearance
of ablation zone.

Factors OR 95%CI P

Age 1.216 1.065 1.388 0.004

Maximum diameter 2.051 1.039, 4.049 0.038

Calcification type 12.283 1.096, 137.378 0.042
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complete absorption rate of lesions with macrocalcification was

only 74.28%. Even if the follow-up period was as long as 36 months,

lesions with macrocalcification were still difficult to be fully

absorbed (13, 17). This might be related to the fact that the

macrocalcification could not be ablated at high temperature.

In this study, we constructed a nomogram to predict the

ablation zone status after MWA according to the multivariate

logistic regression analysis of the three risk factors. The AUC

value of this model was 0.847 which indicated satisfactory

diagnostic efficiency to evaluate whether the ablation zone

complete disappearance or not. In the cutoff value of 0.499, the
Frontiers in Endocrinology 07
sensitivity was 90.91%. This result suggested that the model has a

better ability to judge the complete absorption of ablation zones.

Meanwhile, whether the ablation zone disappeared completely or

not is not directly related to the prognosis after MWA. The ablation

zone did not disappear completely, which did not mean easy

recurrence or metastasis after MWA.

There were several limitations in this study. This was a

retrospective single-center study with small sample size. The

follow-up period was not long enough and the nomogram model

had not validated externally. A multi-center studies with larger

sample size and longer follow-up period is necessary.
FIGURE 4

Calibration curve for predicting the ablation zone status for patients with PTMC after MWA.
FIGURE 3

Nomogram for predicting the disappearance of the ablation zone for patients with PTMC after MWA.
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In conclusion, age, initial maximum diameter and type of

calcification were related to the complete absorption of ablation

zone for patients with PTMC after MWA. Whether the ablation

zone disappears completely after MWA could be predicted by the

nomogram we conducted. In addition, there is no correlation

between recurrence or metastasis and whether the ablation zones

disappear completely.
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FIGURE 5

ROC curve for predicting incomplete disappearance of the ablation zone.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1145958
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hu et al. 10.3389/fendo.2023.1145958
References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin (2018) 68
(1):7–30. doi: 10.3322/caac.2144

2. Lundgren CI, Hall P, Dickman PW, Zedenius J. Clinically significant prognostic
factors for differentiated thyroid carcinoma: a population-based, nested case-control
study. Cancer (2006) 106(3):524–31. doi: 10.1002/cncr.21653

3. Hedinger C, Williams ED, Sobin LH. The WHO histological classification of
thyroid tumors: a commentary on the second edition. Cancer (1989) 63(5):908–11.
doi: 10.1002/1097-0142(19890301)63:5<908::aid-cncr2820630520>3.0.co;2-i

4. Gao M, Ge MH, Ji QH, Cheng RH, Lu HK, Guan HX, et al. 2016 Chinese expert
consensus and guidelines for the diagnosis and treatment of papillary thyroid
microcarcinoma. Cancer Biol Med (2017) 14(3):203–11. doi: 10.20892/j.issn.2095-
3941.2017.0051

5. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: The American thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid
(2016) 26(1):1–133. doi: 10.1089/thy.2015.0020

6. Chen JH, Cao J, Qiu FQ, Huang PT. The efficacy and the safety of ultrasound-
guided ablation therapy for treating papillary thyroid microcarcinoma. J Cancer (2019)
10(21):5272–82. doi: 10.7150/jca.36289

7. Guan SH,Wang H, Teng DK. Comparison of ultrasound-guided thermal ablation
and conventional thyroidectomy for benign thyroid nodules: a systematic review and
meta-analysis . Int J Hyperthermia (2020) 37(1):442–9. doi : 10.1080/
02656736.2020.1758802

8. Min Y, Wang X, Chen H, Chen JL, Xiang K, Yin GB. Thermal ablation for
papillary thyroid microcarcinoma: How far we have come? Cancer Manag Res (2020)
12:13369–79. doi: 10.2147/CMAR.S287473

9. Dodd GD3rd, Dodd NA, Lanctot AC, Glueck DA. Effect of variation of portal
venous blood flow on radiofrequency and microwave ablations in a blood-perfused
bovine liver model. Radiology (2013) 267(1):129–36. doi: 10.1148/radiol.12120486

10. Qian GJ, Wang N, Shen Q, Sheng YH, Zhao JQ, Kuang M, et al. Efficacy of
microwave versus radiofrequency ablation for treatment of small hepatocellular
carcinoma: experimental and clinical studies. Eur Radiol (2012) 22(9):1983–90.
doi: 10.1007/s00330-012-2442-1

11. Mauri G, Hegedüs L, Bandula S, Cazzato RL, Czarniecka A, Dudeck O, et al.
European thyroid association and cardiovascular and interventional radiological
society of Europe 2021 clinical practice guideline for the use of minimally invasive
treatments in malignant thyroid lesions. Eur Thyroid J (2021) 10(3):185–97.
doi: 10.1159/000516469

12. Lu CY, Li XJ, Chu XQ, Li RP, Li J, Wang JH, et al. Clinical effects of microwave
ablation in the treatment of low-risk papillary thyroid microcarcinomas and related
histopathological changes. Front Endocrinol (Lausanne) (2021) 12:751213.
doi: 10.3389/fendo.2021.751213

13. Teng DK, Li HQ, Sui GQ, Lin YQ, Luo Q, Fu P, et al. Preliminary report of
microwave ablation for the primary papillary thyroid microcarcinoma: a large-cohort
of 185 patients feasibility study. Endocrine (2019) 64(1):109–17. doi: 10.1007/s12020-
019-01868-2

14. Li JM, Liu YJ, Liu JB, Yang PP, Hu XD, Qian LX. A comparative study of short-
term efficacy and safety for thyroid micropapillary carcinoma patients after microwave
ablation or surgery. Int J Hyperthermia (2019) 36(1):640–6. doi: 10.1080/
02656736.2019.162649

15. Xiao J, Zhang Y, Zhang MB, Xie F, Yan L, Luo YK, et al. Ultrasonography-
guided radiofrequency ablation for the treatment of T2N0M0 papillary thyroid
Frontiers in Endocrinology 09
carcinoma: a preliminary study. Int J Hyperthermia (2021) 38(1):402–8. doi: 10.1080/
02656736.2021.1895332

16. Ferreira LB, Gimba E, Vinagre J, Sobrinho-Simões M, Soares P. Molecular
aspects of thyroid calcification. Int J Mol Sci (2020) 21(20):7718. doi: 10.3390/
ijms21207718

17. Teng DK, Sui GQ, Liu CM, Wang Y, Xia YX, Wang H. Long-term efficacy of
ultrasound-guided low power microwave ablation for the treatment of primary
papillary thyroid microcarcinoma: a 3-year follow-up study. J Cancer Res Clin Oncol
(2018) 144(4):771–9. doi: 10.1007/s00432-018-2607-7

18. Teng DK, Li WH, Du JR, Wang H, Yang DY, Wu XL. Effects of microwave
ablation on papillary thyroid microcarcinoma: A five-year follow-up report. Thyroid
(2020) 30(12):1752–8. doi: 10.1089/thy.2020.0049

19. Yue WW, Qi L, Wang DD, Yu SJ, Wang XJ, Xu HX, et al. US-guided microwave
ablationof low-risk papillary thyroidmicrocarcinoma: Longer-term results of a prospective
study. J Clin Endocrinol Metab (2020) 105(6):dgaa128. doi: 10.1210/clinem/dgaa128

20. Yan L, Lan Y, Xiao J, Lin L, Jiang B, Luo YK. Long-term outcomes of
radiofrequency ablation for unifocal low-risk papillary thyroid microcarcinoma: a
large cohort study of 414 patients. Eur Radiol (2021) 31(2):685–94. doi: 10.1007/
s00330-020-07128-6

21. Tong MY, Li S, Li YL, Li Y, Feng Y, Che Y. Efficacy and safety of radiofrequency,
microwave and laser ablation for treating papillary thyroid microcarcinoma: a
systematic review and meta-analysis. Int J Hyperthermia (2019) 36(1):1278–86.
doi: 10.1080/02656736.2019.1700559

22. Cao XJ, Yu MA, Zhu YL, Qi L, Cong ZB, Yan GZ, et al. Ultrasound-guided
thermal ablation for papillary thyroid microcarcinoma: a multicenter retrospective
study. Int J Hyperthermia (2021) 38(1):916–22. doi: 10.1080/02656736.2021.1936218

23. Chung SR, Suh CH, Baek JH, Park HS, Choi YJ, Lee JH. Safety of radiofrequency
ablation of benign thyroid nodules and recurrent thyroid cancers: a systematic review
and meta-analysis. Int J Hyperthermia (2017) 33(8):920–30. doi: 10.1080/
02656736.2017.1337936

24. He HY, Zhang Y, Song Q, Zhao JH, Li W, Li Y, et al. Nomogram prediction for
the involution of the ablation zone after radiofrequency ablation treatment in patients
with low-risk papillary thyroid carcinoma. Int J Hyperthermia (2021) 38(1):1133–9.
doi: 10.1080/02656736.2021.1960434

25. Skinner MG, Iizuka MN, Kolios MC, Sherar MD. A theoretical comparison of
energy sources–microwave, ultrasound and laser–for interstitial thermal therapy. Phys
Med Biol (1998) 43(12):3535–47. doi: 10.1088/0031-9155/43/12/011

26. Yu J, Liang P, Yu XL, Liu FY, Chen L, Wang Y. A comparison of microwave
ablation and bipolar radiofrequency ablation both with an internally cooled probe:
results in ex vivo and in vivo porcine livers. Eur J Radiol (2011) 79(1):124–30.
doi: 10.1016/j.ejrad.2009.12.009

27. Lubner MG, Brace CL, Hinshaw JL, Lee FTJr. Microwave tumor ablation:
mechanism of action, clinical results, and devices. J Vasc Interv Radiol (2010) 21(8
Suppl):S192–203. doi: 10.1016/j.jvir.2010.04.007

28. Morelli F, Sacrini A, Pompili G, Borelli A, Panella S, Masu A, et al. Microwave
ablation for thyroid nodules: a new string to the bow for percutaneous treatments?
Gland Surg (2016) 5(6):553–8. doi: 10.21037/gs.2016.12.07

29. Papini E, Guglielmi R, Gharib H, Misischi I, Graziano F, Chianelli M, et al.
Ultrasound-guided laser ablation of incidental papillary thyroid microcarcinoma: a
potential therapeutic approach in patients at surgical risk. Thyroid (2011) 21(8):917–20.
doi: 10.1089/thy.2010.0447

30. Weiskopf D, Weinberger B, Grubeck-Loebenstein B. The aging of the immune
system. Transpl Int (2009) 22(11):1041–50. doi: 10.1111/j.1432-2277.2009.00927.x
frontiersin.org

https://doi.org/10.3322/caac.2144
https://doi.org/10.1002/cncr.21653
https://doi.org/10.1002/1097-0142(19890301)63:5%3C908::aid-cncr2820630520%3E3.0.co;2-i
https://doi.org/10.20892/j.issn.2095-3941.2017.0051
https://doi.org/10.20892/j.issn.2095-3941.2017.0051
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.7150/jca.36289
https://doi.org/10.1080/02656736.2020.1758802
https://doi.org/10.1080/02656736.2020.1758802
https://doi.org/10.2147/CMAR.S287473
https://doi.org/10.1148/radiol.12120486
https://doi.org/10.1007/s00330-012-2442-1
https://doi.org/10.1159/000516469
https://doi.org/10.3389/fendo.2021.751213
https://doi.org/10.1007/s12020-019-01868-2
https://doi.org/10.1007/s12020-019-01868-2
https://doi.org/10.1080/02656736.2019.162649
https://doi.org/10.1080/02656736.2019.162649
https://doi.org/10.1080/02656736.2021.1895332
https://doi.org/10.1080/02656736.2021.1895332
https://doi.org/10.3390/ijms21207718
https://doi.org/10.3390/ijms21207718
https://doi.org/10.1007/s00432-018-2607-7
https://doi.org/10.1089/thy.2020.0049
https://doi.org/10.1210/clinem/dgaa128
https://doi.org/10.1007/s00330-020-07128-6
https://doi.org/10.1007/s00330-020-07128-6
https://doi.org/10.1080/02656736.2019.1700559
https://doi.org/10.1080/02656736.2021.1936218
https://doi.org/10.1080/02656736.2017.1337936
https://doi.org/10.1080/02656736.2017.1337936
https://doi.org/10.1080/02656736.2021.1960434
https://doi.org/10.1088/0031-9155/43/12/011
https://doi.org/10.1016/j.ejrad.2009.12.009
https://doi.org/10.1016/j.jvir.2010.04.007
https://doi.org/10.21037/gs.2016.12.07
https://doi.org/10.1089/thy.2010.0447
https://doi.org/10.1111/j.1432-2277.2009.00927.x
https://doi.org/10.3389/fendo.2023.1145958
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Prediction of ablation zone disappearance after microwave ablation for the patients with papillary thyroid microcarcinoma using nomograph
	Introduction
	Materials and methods
	Patients
	Equipment and drugs
	Pre-MWA assessment and data collection
	MWA procedure
	Post-procedural evaluation and follow-up
	Statistical analysis

	Results
	Efficacy
	Independent prognostic factors for complete disappearance of ablation zone
	Construction and validation of nomogram

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


