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Background: Radiofrequency ablation (RFA) is used to treat various cancers, but its use in thyroid cancer remains controver-
sial. The aim of this study was to investigate surgical findings after RFA for papillary thyroid cancer (PTC).
Material/Methods: The study included 21 patients (average age 44.9+13.3 years) who had biopsy-confirmed thyroid cancer treat-
ed with RFA in multiple hospitals. Surgery was done in the First Hospital of China Medical University.
Results: The 21 patients had a total of 32 thyroid nodules that were treated with RFA. Twenty-eight nodules were ma-
lignant, and 4 nodules were benign. Before RFA, 17 of the malignant nodules were >1 cm and 11 were <1 cm.
Among the 28 malignant nodules, post-ablation lesions adhered to or invaded the structures surrounding the
thyroid in 17 (60.7%), 19 (67.9%), and 22 (78.6%) nodules evaluated with ultrasound, contrast-enhanced com-
puted tomography, and intraoperatively, respectively. Based on pathology results, 7 (33.3%) of the 21 patients
had bilateral cancer. Ten (47.6%) of the 21 patients had central lymph node metastasis and 2 (9.5%) had lat-
eral lymph node metastasis. For 5 (15.6%) of the 32 nodules, the fine-needle aspiration results were not con-
sistent with the postoperative pathological results. Five (23.8%) of the 21 patients with lymph node metasta-
sis had clinically negative (CNO) lesions.
Conclusions: RFA for PTC primary lesions may be incomplete and leave residual lymph node metastasis, even in lesions <1
cm. RFA should be recommended with caution in the treatment of operable patients with primary PTC.
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Background

Thyroid cancer is a common malignancy, and its incidence has
dramatically increased over the past several decades [1]. With
the exception of anaplastic thyroid cancer, surgery is the main
treatment for primary thyroid cancer, followed by radioactive
iodine therapy and/or thyroid hormone therapy [2]. Thermal
ablation - including radiofrequency ablation (RFA), laser abla-
tion, and microwave ablation —is a nonsurgical, minimally in-
vasive technique that has been widely used to treat hepatocel-
lular cancer, renal cancer, and prostate cancer [3-5]. Due to the
lack of long-term follow-up and controlled trials, the application
scope and the indications, effectiveness, and safety of thermal
ablation in the management of thyroid cancer remains contro-
versial. Both the 2015 Italian opinion statement on RFA for thy-
roid nodules [6] and the 2017 Korean Thyroid Radiofrequency
Ablation Guideline [7] recommended the use of thermal abla-
tion for benign thyroid nodules and recurrent thyroid cancers
at the thyroidectomy bed or for cervical lymph nodes in pa-
tients at high surgical risk or in those who refuse surgery. The
2015 American Thyroid Association Management Guidelines
for Adult Patients with Thyroid Nodules and Differentiated
Thyroid Cancer indicated that thermal ablation could be use-
ful to treat high-risk patients who refuse additional surgery or
patients with individual distant metastatic lesions [8].

Recently, RFA has been reported to be an effective and safe
treatment for papillary thyroid microcarcinoma (PTMC). A re-
cent meta-analysis of 11 eligible studies including 715 PTMC
patients indicated that the complete disappearance and recur-
rence of PTMC were 57.6% and 0.4%, respectively, after ther-
mal ablation. The pooled estimates of mean volume reduction
and its rate were 73.5 mm? and 98.1%, respectively. Overall
and major complications occurred in 3.2% and 0.7% of cas-
es, respectively [9]. However, other studies have reported that
using thermal ablation to treat PTC or PTMC could lead to re-
sidual primary lesions and lymph node metastases [10-12].

In this study, we retrospectively analyzed data from 21 pa-
tients with PTC or PTMC who required surgery for post-abla-
tion lesions in our hospital following an initial diagnosis and
treatment with RFA in other hospitals. The aim of this study
was to describe and investigate surgical characteristics and
outcomes after RFA.

Material and Methods

Study design and patients

A total of 21 patients underwent thyroid surgery in the First
Hospital of China Medical University after RFA treatment be-
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We retrospectively analyzed data from 21 patients who required
further management of post-ablation lesions in our hospital
after primary PTC was diagnosed with fine-needle aspiration
(FNA) and treated with RFA in other hospitals. Patients were
eligible for surgery if ultrasound or contrast-enhanced comput-
ed tomography (CT) suggested malignancy of the post-ablation
lesions, or if clinical evidence of cervical lymph node metasta-
sis was present after RFA. Additionally, patients who request-
ed further surgical treatment were considered. We reviewed
the patient medical records for clinical, radiological, surgical,
and pathological data. We extracted data from the records on
age, sex, FNA results, RFA position, nodule size and ultrasound
findings before and after RFA, contrast-enhanced CT imaging
before surgery, extent of thyroid surgery, postoperative pathol-
ogy outcomes, and the number of days between RFA and sur-
gery. The ultrasound results were recorded according to the
risk stratification of the Thyroid Imaging Reporting and Data
System (TI-RADS) [13,14]. The patients were categorized and
described according to the size of tumor lesions (i.e., <1 cm
or >1 cm). The malignancy percentage was classified into the
following TI-RADS categories at our hospital: category 1 (nor-
mal thyroid gland), category 2 (0% risk of malignancy), cate-
gory 3 (<5% risk of malignancy), category 4a (5-10% risk of
malignancy), category 4b (11-50% risk of malignancy), cate-
gory 4c (51-85% risk of malignancy), category 5 (>86% risk
of malignancy), and category 6 (biopsy-proven malignancy).

Our study was approved by the Ethics Committee of the First
Affiliated Hospital of China Medical University, Shenyang,
China. Written informed consent was obtained from all study
participants.

Surgery

The extent of surgery was based on the FNA results prior to
RFA, the characteristics of ultrasound or contrast-enhanced CT
before surgery, and the pathological findings during the oper-
ation. For lesions associated with thyroid cancer, lobectomy
plus isthmectomy and total thyroidectomy were performed.
For lymph node dissection, routine ipsilateral or bilateral cen-
tral lymph node dissections were performed. A modified lateral
lymph node dissection (II-Vb levels) was performed in patients
with clinically evident lateral neck lymph node metastasis.

Statistical analysis

SPSS 13.0 software (SPSS, USA) was used for statistical anal-
yses. Continuous variables are expressed as meansstandard
deviation. The 2 groups were compared by t tests. Categorical
results are summarized with frequencies and percentages. Chi-
square or Fisher exact tests were performed to compare fre-
quencies and percentages.
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Results

Baseline characteristics and clinical features

A total of 21 patients (15 women and 6 men; average age
44.9+13.3 years) were included in our study (Table 1). All FNA
biopsies were done before RFA treatment, and all patients had
1 or more malignant lesions. Prior to their arrival at our hospi-
tal, 5 patients underwent RFA on the right side of the thyroid,
5 patients underwent RFA on the left side of the thyroid, and
11 patients underwent bilateral thyroid RFA. In our hospital,
14 patients received total thyroidectomy and 7 patients re-
ceived lobectomy plus isthmectomy. Unilateral central lymph
node dissection (CLND) was performed in 13 patients and bi-
lateral CLND was done in 8 patients. Two patients underwent
modified lateral neck dissection with clinically evident lateral
neck lymph node metastasis (Il-Vb levels). The median inter-
val between RFA and surgery was 30 days (range 6-368 days).

Changes in nodal size and TI-RADS grade before and after
RFA on ultrasound

A total of 32 thyroid nodules underwent RFA. According to
the final pathology report, 28 nodules were malignant and 4
were benign. The 28 malignant nodules were grouped based
on whether their diameter was smaller or larger than 1 cm
on ultrasound before RFA. The tumor size of 17 of these nod-
ules were >1 cm, while 11 nodules were <1 cm (Table 1). In a
comparison of the tumor size of the nodules before and after
RFA, we found no significant change in the diameter of nod-
ules >1 cm before (2.4+0.8 cm) and after ablation (2.4+0.9 cm).
However, for nodules <1 cm, the tumor diameter significantly
increased after ablation (1.4+0.9 cm) compared with its size
before ablation (0.7+0.2 cm) (P<0.05) (Figure 1A-1C). In ad-
dition, the TI-RADS grade was analyzed before and after RFA.
The proportion of patients with a TI-RADS grade above 4b was
28.1% before RFA and 56.3% after RFA (P=0.023) (Table 1).

Preoperative ultrasound, contrast-enhanced CT evaluation,
and intraoperative findings

Preoperative ultrasound evaluation indicated that 20 patients
had at least 1 nodule with a TI-RADS grade above 4a and 1
patient had nodules with a TI-RADS grade of 3. Among the
28 malignant nodules, post-ablation nodules were found to
have adhered to or invaded the structures surrounding the
thyroid in 17 (60.7%) nodules evaluated with ultrasound and
in 19 (67.9%) nodules evaluated with contrast-enhanced CT.
During surgery, we found that the strap muscles were mark-
edly swollen in 22 (78.6%) of 28 nodules, which made sep-
arating them from the post-ablation thyroid lesions difficult
(Table 2). After surgery, all patients recovered well without sur-
gical complications. However, 2 patients (numbers 5 and 18)
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Table 1. Baseline characteristics and clinical features of 21
patients with residual papillary thyroid

carcinoma.
Characteristics Values
No. of patients 21
6/15
0,
=2V () (28.6%/71.4%)
5/5/11

(23.8%/23.8%/52.4%)

Operative procedure (lobectomy/ 7/14

total thyroidectomy) (33.3%/66.7%)

Median interval days 30 (6-368 days)
Cageea)
"""" ss 17 @ow
s 4 190%

Benign nodule 4 (12.5%)
Malignant nodule <1 11 (34.4%)
Malignant nodule >1 17 (53.1%)

After RFA 18 (56.3%)

had hoarseness and unilateral vocal cord fixation associated
with RFA. During surgery, we found that the thyroid lesions
had adhered to or invaded the recurrent laryngeal nerve in
these 2 patients (Figure 2A, 2B). Moreover, when malignant
nodules were grouped according to ultrasound size before RFA,
we found that the incidence of adherence to or invasion of
the structures surrounding the thyroid was significantly high-
er in patients with nodules >1 cm compared with those with
nodules <1 c¢m, regardless of preoperative ultrasound, CT, or
intraoperative exploration (Table 2).

Postoperative pathology

Among the 21 patients with residual PTC lesions (Table 1), can-
cer was bilateral in 7 (33.3%) (Figure 3A, 3B). Central lymph
node metastasis was found in 10 (47.6%) of the 21 patients,
and lateral lymph node metastasis was found in 2 (9.5%) pa-
tients (Figure 3C). Further, we found that 23.8% (5/21) patients
had no lymph node metastasis before or during surgery (CNO),
yet they were among the 10 patients with lymph node me-
tastasis finally confirmed by postoperative pathology (Figure
3D). In 15.6% (5/32) patients, the FNA results were not con-
sistent with the postoperative pathological results (Figure 3D).
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Figure 1. Changes in nodal size before and after radiofrequency ablation (RFA) on ultrasound. (A) The change tendency of size >1 cm
malignant nodules before and after RFA. (B) The change tendency of size <1 cm malignant nodules before and after RFA.
(€) Scatter plot of sizes of malignant nodules >1 cm or <1 cm.

Table 2. The incidence of post-ablation lesions that adhered to
or invaded the structures surrounding the thyroid.

Assessment methods Number (%) P value
Ultrasound
"""" dem 4 (364 005
"""" stem 13 (768)
CT ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" em 4 (G4 o001
"""" stem 15 (882
Intraoperaton
"""" dem 6 (45 0022
"""" stem 16 (©41)

All of the nodules in these patients were <1 cm according
to ultrasound before RFA, and the FNA results indicated fol-
licular epithelial cell cancer; however, the pathology results
showed that a PTC lesion was present (patients 4, 7, 14, 19,
21) (Supplementary Table 1).

Discussion

In this study, we retrospectively analyzed data from 21 patients
with primary PTC who required further operation of post-abla-
tion lesions in our hospital after they received an initial diag-
nosis and treatment with RFA in other hospitals. The results
indicated that RFA for thyroid cancer primary lesions can be
incomplete and leave residual lymph node metastasis even in
primary lesions <1 cm. The use of RFA for treating operable
PTC is still controversial.

In our study, nodules larger than 1 cm accounted for 60.7%
of the 28 malignant nodules, indicating that such nodules are

more likely to have residual lesions remaining after RFA. The
result may be due to the size of the thyroid and the need to
protect surrounding tissue, which make complete ablation of
nodules >1 cm difficult [10]. This finding was similar to that
of Ma et al. [11], who studied a total of 19 malignant residual
nodules after RFA and found that 11 (57.9%) nodules were >1
c¢m and 8 (42.1%) nodules were <1 cm. We also found that re-
sidual cancer tissue still existed in 11 nodules that were <1 cm.
A few studies have reported that RFA is effective in the treat-
ment of PTC or PTMC [15,16]. For example, Lim et al. [17] report-
ed using RFA to treat 152 PTMCs from 133 patients. Complete
disappearance was found in 91.4% (139/152) of ablated tu-
mors. Among the 13 tumors without complete disappearance,
no tumor displayed any regrowth of the residual ablated le-
sion during the follow-up period [17]. From the results of the
current study, clinicians should consider the possibility of ma-
lignancy remaining after RFA. Because not all PTMC is indo-
lent and the biological aggressiveness may differ, various lev-
els of thyroid cancer may lead to different prognoses [18]. In
addition, we found that for the 11 nodules that were <1 cm,
the tumor diameter was significantly increased after ablation
and the TI-RADS grade was more likely to indicate a malig-
nant character after RFA.

Through ultrasound, CT, and intraoperative evaluation, we found
that RFA could lead to adhesion or invasion between the thy-
roid and surrounding tissues (strap muscles, recurrent laryn-
geal nerve). Heat during RFA can cause the strap muscles to
become swollen, and subsequent adhesion or invasion can in-
crease surgical difficulty, influence the choice of surgical meth-
ods, and complicate T-staging by surgeons [10,19]. Moreover,
we found that the incidence of adherence to or invasion of the
structures surrounding the thyroid after ablation in patients
with nodules larger than 1 cm was significantly higher than in
patients with nodules smaller than 1 cm, regardless of preop-
erative ultrasound, CT, or intraoperative exploration. Therefore,
in patients needing another operation after RFA, surgery may
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Patients No. 5
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Figure 2. Preoperative ultrasound, contrast-enhanced computed tomography (CT) evaluation and intraoperative findings.
(A, B) Ultrasound, CT, intraoperative, and nodule specimens of 2 patients (numbers 5 and 18) in whom the thyroid lesion
simultaneously adhered to or invaded the strap muscles and recurrent laryngeal nerve.

Patient No. 17

C D
157 307
23.8%
47.6% (10/21)
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Bilateral Central Lateral ¢NO with lymph FNA incorrect
metastasis metastasis node metastasis

Figure 3. Postoperative pathology. (A, B) Pathological section showed necrotic papillary thyroid microcarcinoma (PTMC) tissue on the
right side after radiofrequency ablation (RFA), but residual papillary thyroid carcinoma (PTC) tissue was still seen on the left
side. Patient 14 (A) and patient 17 (B). (C) Incidence of bilateral cancer, central lymph node metastasis, and lateral lymph
node metastasis in 21 patients. (D) Incidence of CNO PTC and incorrect fine-needle aspiration results in 21 patients.
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be more difficult when tumors have a diameter >1 cm, with
an associated higher risk of complications and greater diffi-
culty in determining the TNM stage [19].

Evaluation technology before RFA is another important fac-
tor limiting the use of RFA for thyroid cancer. By comparing
the postoperative pathology with the preoperative FNA and
imaging data, we found that preoperative findings for 15.6%
(5/32) of the nodules were not consistent with the postoper-
ative results; all 5 of these nodules were <1 cm. The discrep-
ant results may be due to the greater difficulty in obtaining
samples of pathological tissues by FNA when nodules are <1
cm [20]. Nachiappan et al. [21] also reported that the possibil-
ity of obtaining inadequate target cells from the sample ma-
terial could be as high as 33.6% with FNA[21]. More accurate
pathological results before RFA would lead to different follow-
up intensities and treatment strategies. Another problem is
that cervical lymph node metastasis is very common in PTC,
but the sensitivity of detection of lymph node metastasis by
ultrasound and CT is relatively low [22]. Cervical lymph node
metastasis is observed in 20-90% of CNO patients [23,24].
We found that 23.8% (5/21) of patients with lymph node me-
tastasis had a staging of CNO. At present, metastasis cannot
be identified through any preoperative evaluation and lymph
nodes containing metastases cannot be removed through RFA.
Two randomized controlled trials of surgery and RFA showed
patients with CNO staging in both groups, with lymph node
metastasis rates in the operation group and RFA group being
20.0% and 28.6%, respectively [25,26]. Therefore, it can be
speculated that residual lymph node metastases will be pres-
ent following RFA treatment.
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The main limitation of this retrospective study was selection
bias. Since all of the nodules were pathologically proven to be
residual, we do not know how many patients underwent RFA
in other hospitals and how many had residual lesions. In ad-
dition, the pre-RFA ultrasounds were obtained in other hospi-
tals and initially interpreted by other physicians. The images
were reassessed by 2 experienced doctors in our hospital based
on the image features and the ultrasound descriptions, and
this may have led to some bias in the TI-RADS grade. Further
studies are needed to investigate the factors influencing RFA
in thyroid cancer.

Conclusions

In conclusion, our retrospective study demonstrated that the
use of RFA to treat primary thyroid cancer lesions might leave
residual lymph node metastases even when the primary lesions
are <1 cm. Lesions >1 cm are more likely to adhere to or invade
the structures surrounding the thyroid and to need surgery
following RFA. RFA should be recommended with caution for
treating patients with primary thyroid cancer that is operable.
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Supplementary Data

Supplementary Table 1. Characteristics and clinical features of 21 residual patients one by one.

Patient Ablation Nodule size Nodule size Interval
number LA position (before ablation) EaptanS (after ablation) [REAPE N Pathology days

21 Female 44 R R&L e 43, 3 4b, 4a PTC/PTC* 180

FNA — fine needle ablation; TT - total thyroidectomy; R — right; L — right; PTC — papillary thyroid cancer; MTC — medullary thyroid
cancer, NG — nodular goiter; HD — Hashimoto diseases. * Nodular goiter which pathological and FNA results.
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