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Delayed Cancer Diagnosis in Thyroid Nodules Initially
Treated as Benign With Radiofrequency Ablation:

Ultrasound Characteristics and Predictors for Cancer
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Department of Radiology and Center for Imaging Science, Thyroid Center, Samsung Medical Center, Sungkyunkwan University School of Medicine,
Seoul, Republic of Korea

Objective: Regrowth after radiofrequency ablation (RFA) of symptomatic large thyroid nodules, initially treated as benign,
sometimes turns out to be malignancies. This study aimed to assess the ultrasound (US) characteristics of thyroid nodules
initially treated as benign with RFA and later diagnosed as cancers, predictive factors for cancers masquerading as benign,
and methods to avoid RFA in these cancers.

Materials and Methods: We reviewed the medical records of 134 consecutive patients with 148 nodules who underwent
RFA between February 2008 and November 2016 for the debulking of symptomatic thyroid nodules diagnosed as benign
using US-quided biopsy. We investigated the pre-RFA characteristics of the thyroid nodules, changes at follow-up after RFA,
and the final surgical pathology.

Results: Nodule regrowth after RFA was observed in 36 (24.3%) of the 148 benign nodules. Twenty-two of the 36 nodules
were surgically removed, and malignancies were confirmed in seven (19.4% of 36). Of the 22 nodules removed surgically,
pre-RFA median volume (range) was significantly larger for malignant nodules than for benign nodules: 22.4 (13.9-84.5)
vs. 13.4 (7.3-16.8) mL (P = 0.04). There was no significant difference in the regrowth interval between benign and
malignant nodules (P = 0.49). The median volume reduction rate (range) at 12 months was significantly lower for malignant
nodules than for benign nodules (51.4% [0-57.8] vs. 83.8% [47.9-89.6]) (P = 0.01). The pre-RFA benignity of all seven
malignant nodules was confirmed using two US-guided fine-needle aspirations (FNAs), except for one nodule, which was
confirmed using US-guided core-needle biopsy (CNB). Regrown malignant nodules were diagnosed as suspicious follicular
neoplasms by CNB. Histological examination of the malignant nodules revealed follicular thyroid carcinomas, except for one
follicular variant, a papillary thyroid carcinoma.

Conclusion: Symptomatic large benign thyroid nodules showing regrowth or suboptimal reduction after RFA may have
malignant potential. The confirmation of these nodules is better with CNB than with FNA.
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INTRODUCTION controlled trials and meta-analyses, have reported the
effectiveness and safety of this approach, resulting in its
Radiofrequency ablation (RFA) is a minimally invasive widespread application in patients with benign thyroid
technique for the treatment of various tumors that has been  nodules [8-12].
demonstrated to be effective in patients with symptomatic Prior to RFA, thyroid nodules should be confirmed as
benign thyroid nodules [1-4] and recurrent thyroid cancers benign based on at least two ultrasound (US)-guided fine-
[5-7]. Since 2001, many studies, including randomized needle aspirations (FNAs) or core-needle biopsy (CNB)
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[13-18]. According to the Korean Society of Thyroid
Radiology (KSThR) guidelines, a single diagnosis of
benignity is sufficient to confirm thyroid nodules with
typical US features highly suggestive of benign nodules
(iso/hyperechoic spongiform or partially cystic nodules
with an intracystic comet tail artifact) and autonomously
functioning thyroid nodules [8-12].

Nodule regrowth after RFA of symptomatic large benign
nodules is sometimes diagnosed as malignancy during
surgery [19,20]. This implies a malignant transformation
of the nodule or an error in the initial diagnosis. However,
there is limited information regarding the imaging features,
clinical course, and risk factors associated with the
diagnosis of nodule malignancy after RFA. Therefore, this
study evaluated the US characteristics of thyroid nodules
initially treated as benign with RFA and later diagnosed
as cancer, predictive factors for cancers masquerading as
benign, and methods to avoid RFA in these cancers.

MATERIALS AND METHODS

Study Patients

This retrospective study was approved by the institutional
review board of Samsung Medical Center (IRB No. 2022-11-
096), and the requirement for informed consent was waived
owing to the retrospective nature of the study. Between
February 2008 and November 2016, 148 consecutive
patients with 162 thyroid nodules underwent US-guided RFA
for the debulking of symptomatic benign thyroid nodules
at our institution. All the patients had nodule compression
or cosmetic problems. Among them, 14 patients with 14
nodules were excluded because of the absence of follow-
up US findings after RFA. In total, 134 patients with 148
nodules were included in our study. By reviewing the
patients” medical records, we evaluated patients’ age and
sex, pre-RFA diagnostic method (FNA or CNB) for thyroid
nodules, final histological type of thyroid nodules, regrowth
interval, volume reduction rate (VRR), and follow-up
information.

Pre-Procedural Evaluation

Thyroid US examinations were conducted using a 5-12
MHz linear array LOGIQ E9 US transducer with an XDclear
scanner (General Electric [GE] Healthcare) or an IU22
scanner (Philips Medical Systems). Each nodule was
measured in three orthogonal diameters (the two diameters
perpendicular to the largest diameter); we calculated
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the volume using the equation V = mabc/6 (where V is
volume, a is the largest diameter, and b and c are the two
perpendicular diameters). Based on the US guidelines, the
following features of the thyroid nodules were assessed [21-
23]: composition (solid, predominantly solid [cystic portion
< 50%], predominantly cystic [cystic portion > 50%], cystic,
spongiform), echogenicity (marked hypoechogenicity, mild
hypoechogenicity, isoechogenicity, and hyperechogenicity),
orientation, margin, presence of a sonographic halo,
predominant echotexture, presence of vascularity on Doppler
imaging, and calcifications. A halo is defined as a thin rim
of decreased echogenicity surrounding the nodule, and is
thought to represent the capsule surrounding the follicular
neoplasm in resected specimens [24]. Vascularity consists

of pattern types 1-4 [25] (type 1, no vascularity; type 2,
perinodular vascularity only [circumferential vascularity at
the nodule margin]; type 3, mild intranodular vascularity
with or without perinodular vascularity [vascularity < 50%];
type 4, marked intranodular vascularity with or without
perinodular vascularity [vascularity > 50%]). All patients
underwent thyroid function tests, bleeding tendency tests,
and clinical examinations prior to RFA.

Procedures

US-guided RFA was performed by one of two radiologists
with 14 and 18 years of experience. All ablations were
performed using radiofrequency (RF) generators (Cool-Tip
RF system, Covidien; SSP-2000, Taewoong Medical; and
M-1004, RF Medical) and an 18-gauge internally cooled
adjustable RF electrode with a variable-sized active tip
and a total length of 8 or 10 cm (Well-point RF electrodes
or Proteus RF electrodes, STARmed). Local anesthesia was
induced with a 1% lidocaine injection into the puncture site
and perithyroidal area [26]. The fluid was aspirated before
RFA of the thyroid nodules with cystic components. The RF
power used was approximately 30-50 W. RF ablation was
terminated when the nodule exhibited hyperechoic changes.

Follow-Up

The patients underwent follow-up US at 6 and 12 months
after treatment and annually thereafter. Similar to the
evaluations performed before ablation, thyroid nodule
volume, largest diameter, symptoms, and cosmetic scores
were assessed. The VRR was calculated as follows:
VRR = ([initial volume - final volume] x 100)/initial volume.
Regrowth was defined as an increase in the nodule volume
measured on US relative to the initial nodule volume. If
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radiological findings of incomplete ablation, such as the
presence of viable tissue or vascularity of the ablated thyroid
nodules were detected for < 12 months, RFA was repeated

at the discretion of a radiologist. Further evaluation with
CNB was performed for nodules with an increase in the
initial volume or a suboptimal reduction (generally < 50%)
after RFA at any follow-up. Surgery was required for patients
with unresolved clinical problems (foreign body sensation)
or refusal of repeat RFAs because of the higher cost and
suspicion of follicular neoplasm on CNB.
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and five females (mean age, 24 years; age range, 21-62
years), are presented in Table 1. All seven patients with
malignancy were treated with a single session of RFA, except
for one who underwent a second session 70 months after the
first session.

Table 2 shows the US imaging characteristics of benign
and malignant nodules surgically confirmed after RFA. In

Table 2. US characteristics of benign and malignant nodules in
surgery after RFA

Benign Malignant
n=15 n=7
Statistical Analyses — ( ) ( )
We used the 2 or Fisher t test to compar Composition 0.73
€ us.e e?( or fshers exaF ) esttoco .pa € Predominantly cystic 5 (27.3) 1 (14.3)
categorical variables, such as clinicopathological and Predominantly solid 6 (40.9) 3 (42.9)
US features, and the Mann-Whitney U test to compare Solid 4 (31.8) 3 (42.9)
continuous variables. Continuous variables are expressed as  Echogenicity 1.00
medians and interquartile ranges (25th-75th). Statistical Isoechogenicity 15 (100) 7 (100)
significance was set at P < 0.05. All statistical analyses Hypoechogenicity 0 0
were performed using the SPSS software (PASW Statistics, Margin 0.63
version 27; SPSS). Smooth 15 (100) 6 (85.7)
Irregular 0 1 (14.3)
Halo 0.12
RESULTS Presence 2 (13.3) 3 (42.9)
. . Absence 13 (86.7) 4 (57.1)
Among 134 patients with 148 nodules who underwent RFA ) e i 0.08
for symptomatic benign thyroid nodules at our institution, No 14 (93.3) 4 (57.1)
35 patients with 36 (24.3%) presented with regrowth after Macrocalcification 1(6.7) 3 (42.9)
RFA. Among these, 18 patients with 22 thyroid nodules Vascularity 0.67
underwent surgery for unresolved symptoms. Six nodules No 0 0
were treated with additional RFA and eight nodules Perinodular 10 (66.7) 4 (57.1)
remained untreated; however, further follow-up with US Intranodular 5(33.3) 3 (42.9)
was performed for the untreated nodules. Ultimately, K'TIRfDS o 0.63
malignancies were confirmed in seven (19.4%) of the 36 3 (Low SUSp].mon) .. 15 (100) 6 (85.7)
4 (Intermediate suspicion) 0 1 (14.3)
regrown nodules. -
. L. X Values are expressed as frequencies (%).
The baseline characteristics of the seven patients US = ultrasound, RFA = radiofrequency ablation, K-TIRADS =
diagnosed with malignancy after RFA, including two males Korean Thyroid Imaging Reporting and Data System
Table 1. Baseline characteristics of malignant nodules treated with RFA
No. of Pre-ablati R th Post-ablati
O, 0 Age, yr  Sex Size, cm Volume, mL . re.a ation egroYv os. a a'1on Pathology
patients diagnosis (frequency) duration diagnosis
1 21 F 4.1x2.3x4.6 22.6 FNA (two) 6 months ND FTC
2 30 F 2.4x3.0x3.7 13.9 FNA (two) 6 years CNB FTC
3 62 M 6.3x4.5x7.5 110.6 FNA (two) 5 years ND FTC
4 29 M 4.0x3.1x5.5 14.2 FNA (two), CNB (one) 2 years CNB FTC
5 47 F 2.9x2.3x3.7 12.8 FNA (two) 8 years CNB FTC
6 56 F 5.4 % 4.3x7.0 84.5 FNA (two) 5 years CNB FTC
7 27 F 3.9x2.4Xx4.6 22.4 FNA (two) 1 year ND FVPTC

RFA = radiofrequency ablation, F = female, M = male, FNA = fine-needle aspiration, ND = not done, FTC = follicular thyroid carcinoma, CNB =
core needle biopsy, FVPTC = follicular variant of papillary thyroid carcinoma
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both groups, all nodules were isoechoic. Solid composition,
halo, irregular margins, and macrocalcifications were more
frequently observed in malignant nodules than in benign
nodules, but the differences were not statistically significant
(42.9% vs. 31.8%, P =0.73; 42.9% vs. 13.3%, P = 0.12;
14.3% vs. 0%, P = 0.63, 42.9% vs. 6.7%, P = 0.08). The
subtypes of vascularity in malignant thyroid nodules
included perinodular vascularity (57.1%, 4 of 7) and mild
intranodular vascularity (42.9%, 3 of 7). All benign thyroid
nodules and six of the seven malignant thyroid nodules
were classified as K-TIRADS 3 (Low suspicion), whereas
one malignant thyroid nodule was classified as K-TIRADS 4
(Intermediate suspicion).

The clinical data of the benign and malignant nodules
confirmed during surgery are summarized in Table 3.
The cosmetic score was significantly different between
the two groups, with a median score of 3 (interquartile
range: 2-4) for benign nodules and 4 (interquartile range:
3-4) for malignant nodules (P = 0.03). Although not
statistically significant, the pre-RFA maximum diameter
was slightly higher in malignant nodules, with a median of
4.6 cm (interquartile range: 3.7-7.0), compared to 3.9 cm
(interquartile range: 3.0-4.7) in benign nodules (P = 0.07).
Additionally, the pre-RFA volume was significantly larger
in malignant nodules compared to benign nodules, with a
median volume of 22.4 mL (interquartile range: 13.9-84.5)
and 13.4 mL (interquartile range: 7.3-16.8), respectively
(P =0.04). There was no significant difference in the
regrowth interval between the two groups (P = 0.49).
Furthermore, the VRR at 12 months showed a significant
difference, with a median VRR of 83.8% (interquartile range:
47.9-89.6) for benign nodules and 51.4% (interquartile
range: 0-57.8) for malignant nodules (P = 0.01). Five (71.4%)
of the seven malignant nodules showed a VRR > 50% at
12 months but regrowth progressed thereafter. Two (28.6%)
thyroid nodules increased in volume 6-12 months after
RFA. Histological examination of the nodules diagnosed as
malignant revealed follicular thyroid carcinoma (FTC), except
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for one follicular variant of papillary thyroid carcinoma
(FVPTC) (Figs. 1, 2).

In contrast, 15 thyroid nodules were confirmed as benign
during surgery after RFA. Nine benign nodules were subjected
to CNB in seven (77.8%) patients and FNA in two (22.2%)
patients before surgery. The CNB results indicated follicular
neoplasms in five nodules and benignity in two nodules.

The final surgical results included follicular adenoma in two
nodules and nodular hyperplasia in 13 nodules.

CNB was used for the preoperative confirmation of
11 of the 22 ablated nodules. Malignant nodules were
correctly diagnosed as follicular neoplasms when using
CNB. Total thyroidectomy was performed in seven (31.8%)
of the 22 ablated thyroid nodules, which comprised three
(42.9%) malignant nodules and four (26.7%) benign nodules.

The T stages of the 7 malignant nodules were classified as
T2 in three and T3a in four nodules. No evidence of lymph
node or distant metastases was observed. No telomerase
reverse transcriptase (TERT) mutations were detected.

DISCUSSION

Nodule regrowth was observed after RFA for the debulking
of symptomatic large benign nodules in 36 (24.3%) of the
148 nodules. The malignancy rate of regrown nodules was
19.4% (7/36). Of the seven malignant lesions, the final
pathologies were FTC (85.7%, 6/7) and FVPTC (14.3%, 1/7).
In these malignant cases, the VRR was approximately 50%
or even increased at 12 months after RFA.

To date, no consecutive studies have addressed the
long-term effects and diagnosis of malignancy after RFA
treatment of symptomatic large benign thyroid nodules
in a large series. FNA or CNB for these nodules cannot
completely represent the surgical pathology; therefore,

a warning about the malignancy rate is necessary before
RFA for benign nodules that are too large. Therefore, the
findings of this study provide important insights that may
be used to revise the RFA guidelines.

Table 3. Characteristics of benign and malignant thyroid nodules before and after RFA

Benign (n = 15) Malignant (n = 17) P
Cosmetic score 3 (2-4) 4 (3-4) 0.03
Pre-RFA maximum diameter, cm 3.9 (3.0-4.7) 4.6 (3.7-7.0) 0.07
Pre-RFA volume, mL 13.4 (7.3-16.8) 22.4 (13.9-84.5) 0.04
Regrowth interval, month 24.0 (0-72.0) 60.0 (12.0-72.0) 0.49
VRR at 12 months, % 83.8 (47.9-89.6) 51.4 (0-57.8) 0.01

Values are presented as median (interquartile ranges).
RFA = radiofrequency ablation, VRR = volume reduction rate
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Fig. 1. A 21-year-old female patient with minimally invasive follicular thyroid carcinoma (FTC) in surgery after radiofrequency ablation
(RFA). The patient had a 4.6-cm sized symptomatic large thyroid nodule (A: transverse ultrasound [US] image, B: longitudinal US image)
located in the right thyroid gland, classified as low suspicion on US and confirmed as benign using two fine-needle aspirations and
treated with RFA (C). One year after RFA, the nodule size increased to 5.0 cm, appeared hypoechoic, and revealed hypervascularity (D).
Pathology report after right lobectomy revealed minimally invasive FTC.

ablation (RFA). Ultrasonography shows a 3.7 cm-sized predominantly solid isoechoic nodule with an initial volume of 12.8 mL (A:
transverse, B: longitudinal ultrasound [US] images). This nodule was classified as low suspicion at US and confirmed as benign by two fine-
needle aspirations. Six months after RFA, the mass reduced to 3.2 cm. C: Eight years after RFA, the nodule increased to a 4.9-cm predominantly
solid hypervascular nodule (D, E: Doppler US image) with a volume of 26.5 mL. The core-needle biopsy results suggested follicular neoplasm,
and a final pathology report after right lobectomy confirmed encapsulated angioinvasive FTC.
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Our study revealed a relatively higher malignancy rate
than expected at long-term follow-up. The reason for the
relatively high risk of malignancy after RFA was that the RFA
candidates in our institution were patients who complained
of symptoms due to large nodule size but were reluctant to
undergo surgery. Therefore, the thyroid nodules diagnosed
as malignancies after RFA in our series were large nodules
> 3.7 cm in diameter, which are considered a risk factor for
false-negative FNAs [27-34]. A previous study reported that
thyroid nodules measuring > 3 cm with subsequent benign
cytology had a relatively high (3.6%) false-negative risk;
therefore, additional work-ups, such as surgery should be
recommended [35].

However, the malignancy rate of thyroid nodules after
confirmation of benignity is very low; therefore, nodules
without suspicious US features may be considered benign
[36]. In our study, thyroid malignancies after RFA,
including FTC and FVPTC, exhibited follicular morphological
features on cytopathological examination. FTCs [37]
with a macrofollicular pattern and abundant background
colloids and FVPTCs [28,38] presenting with only focally
pathognomonic nuclear features are frequently mistaken
for benign adenomatoid colloid nodules on cytological
examination. Therefore, it seems that these two FNAs
methods are not sufficient for the diagnosis of benignity
before RFA in terms of diagnosing follicular neoplasms. In
contrast, CNB is more accurate for the diagnosis of follicular
neoplasms in terms of obtaining follicular patterns and
capsules [39,40].

In our study, the K-TIRADS categories did not contribute
to the differentiation between post-RFA benign and
malignant nodules. FTC and FVPTC exhibit benign US
features, such as regular iso- or mildly hypoechoic nodules,
instead of suspicious US features, such as markedly
hypoechoic nodules or microcalcifications [41,42]. On
average, the majority of these lesions are large and have a
solid composition, as observed in our cases. In particular,
a previous study conducted by Park et al. [39] indicated
that when radiological findings are suspicious for a follicular
neoplasm with a circumscribed solid or peripheral halo or
nodule-in-nodule appearance and a growing solid tumor on
US, it is feasible to obtain pathological specimens through
CNB rather than FNA. If US features, such as K-TIRADS 3 or
4 are suggestive of a follicular neoplasm, it is necessary to
confirm the diagnosis using at least one CNB before RFA.
Therefore, further modifications and standardization are
recommended to establish international RFA guidelines.
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Current RFA guidelines by the American Thyroid
Association and KSThR do not recommend RFA for the
treatment of follicular neoplasms because there is no
evidence of a treatment benefit [14,43]. Furthermore,
clinical research on the application of RFA for follicular
neoplasms remains limited. A few studies have reported
conflicting results regarding the role of RFA in the treatment
of indeterminate lesions. Ha et al. [44] reported that 10
patients with follicular neoplasms of < 2 cm treated with
RFA showed no recurrence during a 5-year follow-up period
and an average VRR of 99.5% was achieved. In contrast,
Dobrinja et al. [45] reported RFA in six follicular neoplasms,
two of which regrew and ultimately required surgery. The
final surgical pathology revealed one minimally invasive FTC
and one follicular neoplasm with indeterminate malignant
behavior. If a follicular neoplasm is suspected, especially for
nodules measuring > 2 cm that are symptomatic, a warning
about the malignancy risk after RFA is required.

The goal of RFAs for benign thyroid nodules is to achieve
> 50% volume reduction over a 1-year period and relieve
symptoms. However, in our study, the median VRR at 12 months
was significantly lower for malignant nodules than for benign
nodules (51.4 [0-57.8] vs. 83.8 [47.9-89.6] mL, P =0.01).
In addition, the volume increased at 12 months in two
malignant nodules. Therefore, CNB should be considered
for RFA-treated thyroid nodules if the VRR at 12 month is
< 50%. In addition, there was no difference in the regrowth
period between benign and malignant nodules (P = 0.49).
Subsequently, several studies with longer follow-up periods
have shown a tendency for treated thyroid nodules to increase
in size after 2-3 years [46-48]. Therefore, a long-term follow-up
period of > 1 year is required.

This study has a few limitations. First, the retrospective
data collection may have resulted in case selection bias,
and our sample size was small, which may not reflect a
representative population. Malignancy may be a rare post-
RFA event in the treatment of symptomatic thyroid nodules
of average size. Second, although the overall indications
for RFA of benign thyroid nodules were similar, the detailed
criteria for the inclusion of large nodules may not be
identical to those of other institutions. Finally, the actual
malignancy rate may differ from the suggested rate. One
group of patients was followed-up without surgery.

In conclusion, large symptomatic benign thyroid nodules
that show regrowth or suboptimal reduction after RFA
may have malignant potential. The confirmation of these
nodules is better with CNB than with FNA.
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